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The effect of acute L-arginine supplementation on 
repeated sprint ability performance
Abdulkadir Birol1, Fatma Nişancı Kılınç2, Gökhan Deliceoğlu3, Esra Dilek Keskin4

1Ankara University, Faculty of Sport Sciences, Sport Sciences PhD (candidate), Ankara/Turkey; 2Kırıkkale University, Faculty 
of Health Sciences, Department of Nutrition and Dietetics, Kırıkkale/Turkey - E-mail: fatmanisanci@kku.edu.tr; 3Kırıkkale 
University, Faculty of Sport Sciences, Kırıkkale/Turkey; 4Kirikkale University, Faculty of Medicine, Kırıkkale/Turkey

Summary. Aim: The aim of this study is to determine the effect of acute L-arginine supplementation on repeated 
sprint ability performance in football players aged between 18-21 years. Methods: The study was conducted on 
20 volunteer healthy male football players playing in the under-21 football team in the 1st league of Turkey. Gen-
eral characteristics of football players were questioned and their anthropometric measurements were taken. The 
study was performed as a double-blind placebo-controlled design. Players were randomly given 0.15 g/kg/day 
relative dosage L-arginine or placebo with 500 ml of water 1 hour before repeated sprint ability test (RSAT). 
The 12x20m RSAT protocol was applied in the synthetic turf football field with a recovery interval of 30 seconds 
between each sprint and the photocell system was used to determine running time. Results: The mean age of the 
arginine group is 18.30±0.48 years and the mean age of placebo group is 18.33±0.50 years. 85% of the players 
never used L-arginine, and any dietary supplements. Only the ninth sprint time of the 12 sprints performed 
after the supplementation was 5.24% faster than the placebo group in the arginine group (p<0.05). However, no 
difference was detected between the groups in terms of sprint decrement score, total sprint time, blood pressure 
and heart rate (HR) (p>0.05). Conclusion: In this study, the supplementation of acute L-arginine administered to 
players had no significant effect on HR, blood pressure and RSAT total sprint time and sprint decrement score.

Key words: Acute supplementation, football, L-arginine, repeated sprint ability.
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O r i g i n a l  a r t i c l e

Introduction

Athletes use a variety of ingredients or supple-
ments to minimize the decrease or deterioration in 
performance due to the fatigue that occurs during ex-
ercise (1). L-arginine is an amino acid commonly used 
by athletes for the claim that it accelerates recovery 
in intensive exercise. L-arginine, one of the nutritional 
ergogenic supplements, is a precursor of nitric oxide 
(NO) and is used by athletes because of its vasodila-
tor effect, accelerated recovery, increased blood flow 
to muscles, improved mitochondria biogenesis and 
increasing efficiency by effecting oxidative phospho-
rylation (2-4).

Although L-arginine, thought to have a positive 
effect on performance, is widely used by athletes, there 

are conflicting results showing that it has a sportive 
performance enhancing effect (5-7) or not (8-11). This 
study was conducted to examine the acute effect of rel-
ative dosage (0.15 g/kg/day) L-arginine supplementa-
tion on the performance of repeated sprint ability test 
(RSAT) of football players aged 18-21 years.

Material and Methods

This study was carried out with 20 healthy vol-
unteer male players playing in U21 category (arginine 
group: n=10 and placebo group: n=9) of a football 
team in the 1st Professional Football League in Turkey 
in 2017-2018 season in Ankara, without any chronic 
disease, non-smokers, and have 4-6 trainings per week. 
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A player in the placebo group was left out of the study 
due to the injury he suffered during RSAT and data 
obtained from 19 players were assessed. Participants 
were asked to sign the informed consent form, and 
Helsinki Declaration was complied with during the 
study. Clinical Research Ethics Committee of Kirik-
kale University (No:12/16, 16 May 2017) was ap-
proved this study.

Procedure
During the execution phase of the study, football 

players were met two weeks before the test and all nec-
essary information about the study was given. In this 
briefing, players were asked to continue their team nu-
trition and training programs until the morning of the 
test and not to use any supplements. In addition, they 
were asked not to consume caffeinated or alcoholic bev-
erages during the last 24 hours before the test and not to 
perform exercise with high intensity during the last 48 
hours. On the test morning, the players were met at the 
club facilities and their anthropometric measurements 
were taken before the supplementation. TANITA BC 
418 ( Japan) scale was used for body weight and TAN-
ITA portable stadiometer was used height measure-
ments, and all measurements were made in accordance 
with the technique (12). Afterwards, heart rate meas-
urements of players were taken with Polar brand short-
range radio telemetry (Polar Team, Kempele, Finland). 
Blood pressure measurements were measured on the 
right arm twice after resting in sitting position after 
10 minutes using Erka (Erka, Germany) brand manual 
blood pressure device by a nurse and the average of two 
measurements were taken.

Football players were given L-arginine or placebo 
orally at a dosage of 0.15 g/kg/day. They are randomly 
selected from the list numbered in the order of anthro-
pometric measurement and divided into two groups as 
arginine and placebo groups. The study was conducted 
as a double-blind placebo-controlled design. L-argi-
nine/placebo was prepared at a dosage of 0.15 g/kg/
day by the dietitians to be given to the players and the 
participant number was labelled with supplementation 
code. Players were allowed to consume L-arginine/
placebo supplementation with 500 ml of water one 
hour before RSAT. Dietitians who prepared L-argi-
nine and placebo supplementation, did not share the 

list of supplementation with other researchers until all 
measurements were completed in order to ensure im-
partiality of measurements.

A standardized warm-up was made for the foot-
ball player with oncoming test time, 45 minutes after 
the L-arginine/placebo supplementation. After self-
paced low intensity running, the players were applied 
a warm-up that includes two sets of active dynamic 
stretching for the lower extremities (high knees, butt 
flicks, hamstring swings, carioca and sprint lunge) and 
three brief sprints. After warm-up, the football players 
performed a three minutes passive rest. Photocell sys-
tem (Fusion Sport Smart Speed Photocell, Australia) 
was used for RSAT measurements. The starting and 
ending points of the 20 m distance determined for the 
test were measured and marked by the researcher us-
ing a tape measure. Photocells are positioned at both 
marked points at the waist level. RSAT was applied 
one hour after the supplementation in the surf syn-
thetic turf football field with 30 seconds of recovery 
intervals between each sprint (jog run up to the last 
five seconds). Each sprint was started with a voice 
command, with a verbal stimulus of five seconds before 
the completion of the 30-second recovery interval after 
the sprint, ensuring that the football player is ready at 
the starting point. In RSAT, 30 second recovery inter-
val between each sprint was followed by a digital stop-
watch. After each sprint, the players’ sprint times and 
heart rate (HR) values were recorded in the test data 
form. Football players did not consume food and bev-
erages throughout RSAT. After finishing the test, the 
football player actively rested for five minutes and then 
rested in sitting position with soles of feet in contact 
with the floor for ten minutes. After fifteen minutes 
from RSAT, HR and blood pressure measurements 
were repeated. In order to determine the percentage 
of performance decrement (%) occurring in RSAT, the 
sprint decrement score formula was used. To assess the 
repeated sprint performance of the players in the study, 
12x20m RSAT protocol, sprint decrement score and 
total sprint time comparisons were used (13,14).

Statistical Analysis of Data
Statistical analysis of the data was performed us-

ing the SPSS Windows 20 package program. Descrip-
tive statistics are shown as mean± standard deviation 
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in normal distributed variables and the number (n) 
and percent (%) in nominal variables. The normal dis-
tribution of data was tested using Shapiro-Wilk test 
because the number of participants was below 50 in 
both groups. Data in text and figures are presented as 
mean and 95% confidence interval of the mean. In the 
data where the distribution in the statistics between 
the groups was normal, the mean differences were as-
sessed by the independent samples t-test, which is a 
parametric test and where there is non-normal dis-
tribution in the data was assessed by non-parametric 
Mann-Whitney U-test. The results were considered 
statistically significant on the level of p<0.05.

Results

The players in the study (n=19) are all males and 
the mean age is 18.30±0.48 years in the arginine group 
(n=10) and 18.33±0.50 years in the placebo group (n=9). 
Of the football players; 85% have not used L-arginine 
before, 70% have no knowledge of L-arginine and have 
never used any nutritional supplements before. Arginine 
and placebo groups have similar characteristics in terms 
of general properties (p>0.05) (Table 1).

There was no significant change observed in sys-
tolic blood pressure (SBP) and diastolic blood pressure 
(DBP) values of football players in arginine and pla-
cebo groups before supplementation and 15 minutes 
after the test (p>0.05) (Table 2). 

When the HR means of the football players argi-
nine and placebo groups during resting, 12 sprint re-
sults and 15 minutes after the test were compared, no 
difference was found between the two groups (p>0.05) 
(Table 3, Figure 1).

When each sprint time for RSAT was compared 
between arginine and placebo group, there was no 
significant difference observed (p>0.05) between all 
sprint times (Figure 2), the fastest sprint time, the total 
sprint time (Figure 3), and the sprint decrement score 
(Figure 4), except for the 9th sprint.

Difference between RSAT 9th sprint time of ar-
ginine and placebo groups (Arginine: 2.941±0.092 sec 
vs. Placebo: 3.095±0.137 sec; difference: 0.154±0.045 
sec) was significant (p<0.05). The 9th sprint time differ-
ence between the two groups was 5.24% less in favour 

of the arginine group. In addition, when the slowest 
sprint times (arginine: 3.015±0.067 sec vs. placebo: 
3.172±0.170 sec) during 12 sprints in the arginine and 
placebo groups were compared, the difference between 
the two groups was significant (p<0.05).

Discussion

This study is among the few studies (11) in the 
relevant literature evaluating acute effect of L-arginine 

Table 1. General characteristics of football players in Arginine 
and Placebo groups.
General  
Characteristics

Arginine 
Group
(n=10)

Placebo Group
(n=9)

p

Age (years) 18.30±0.48 18.33±0.50 0.879

Body Weight (kg) 72.04±6.82 75.06±9.42 0.441

Height (cm) 175.30±6.46 179.11±8.82 0.305

BMI (kg/m2) 23.45±1.94 23.31±1.50 0.863

Body Surface Area (m2) 1.87±0.11 1.94±0.17 0.343

Training Age (years) 9.40±2.07 10.44±2.35 0.321

Mean ± SD; BMI: Body Mass Index

Table 2. Blood pressure findings of football players in Arginine 
and Placebo groups before supplementation and 15 minutes af-
ter the test.
Blood Pressure Arginine  

Group
(n=10)

Placebo  
Group
(n=9)

p

Before SBP 106.50±11.56 111.67±15.81 0.433
Before DBP 71.00±9.66 73.33±10.31 0.417
After SBP 105.00±5.27 105.00±7.07 0.820
After DBP 63.00±10.59 66.67±10.00 0.449
Mean ± SD; SBP: Systolic Blood Pressure, DBP: Diastolic Blood 
Pressure

Table 3. Heart Rate findings of football players in Arginine and 
Placebo groups.

Heart Rate (HR)
Arginine 
Group
(n=10)

Placebo 
Group
(n=9)

p

Resting HR (beat/min) 66.10±2.73 65.56±3.88 0.731
12 Sprint Average HR 
(beat/min)

160.30±9.09 163.00±13.35 0.618

HR 15 minutes later 
(beat/min)

90.70±8.83 96.44±12.29 0.285
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supplementation on repeated sprint ability perfor-
mance with a field based RSAT protocol. 

When all HR measurements of the arginine and 
placebo groups were compared, there was no signifi-
cant difference between the two groups. Similar to the 
results of this study, in the studies conducted by Yavuz 
et al.7 on trained male wrestlers (0.15 g/kg/day L-argi-
nine/ placebo); Sandbakk et al. 201510 on trained skiers 
(6 g L-arginine+614 mg nitrate, 614 mg nitrate or pla-
cebo); and Ermolao et al.11 on trained football players 
(placebo=carbohydrate 26.7 g, placebo+caffeine 300 
mg, placebo+arginine 3 g, placebo+BCCA 5 g and the 
mixture of all) reported no change in HR among the 
attempts. Although the dosages of arginine used in 
the aforementioned studies were different, the results 
showed that acute supplementation had no effect on 
HR in trained individuals.

In this study, there was no significant difference 
between arginine and placebo groups in blood pressure 
before supplementation and 15 minutes after RSAT, 
and L-arginine supplementation did not cause signifi-
cant changes in blood pressure. Similarly, in a study 
on young elite male skiers, whom were given 6 g L-
arginine+614 mg nitrate, 614 mg nitrate or placebo 
one hour before the test attempt, supplementation had 
no effect on arterial blood pressure (10). In another 
study, Yaman et al.15, in their study conducted on foot-
ball players playing in the university football team by 
giving them 6 g of L-arginine or placebo, reported a 
decrement in arterial blood pressure and an increase in 

Figure 1. Heart Rate findings of football players in Arginine 
and Placebo groups.

Figure 3. Total Sprint times of the players in Arginine and Pla-
cebo group.

Figure 2. Each sprint times of football players in Arginine and 
Placebo groups.

Figure 4. Sprint decrement score of football players in Arginine 
and Placebo groups.
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femoral artery diameter in the L-arginine reinforced 
group. On the other hand, Bailey et al.5, in their study 
conducted on participants exercising recreatively, re-
ported that 6 g L-arginine supplementation increased 
plasma NO synthase levels and lowered systolic blood 
pressure. The two tests conducted, seven days apart 
on trained male participants, indicated that arginine 
alpha-ketoglutarate (3700 mg) or placebo supplemen-
tation did not induce a significant change in blood 
pressure (16). In both studies (5,15), reporting an ef-
fect on blood pressure with arginine supplementation, 
the participants consisted of individuals who were not 
on high levels of training. In this study and the other 
aforementioned two studies (10,16), the reason for no 
change in blood pressure was due to the participants 
being trained and low dosages of L-arginine given.

There was no significant difference between argi-
nine and placebo groups in RSAT fastest sprint, each 
RSAT sprint (except the 9th sprint), total sprint time, 
sprint decrement score. There was a significant differ-
ence between two groups in favour of arginine group 
in respect of only 9th sprint among 12 sprints during 
RSAT and the slowest sprint times. However, there 
was no significant difference in the other parameters 
(HR, blood pressure, total sprint time and sprint dec-
rement score) between two groups that could support 
the cause of this difference. In comparison to arginine 
and placebo groups with regard to RSAT fastest sprint 
time, total sprint time and sprint decrement score, the 
supplementation of acute L-arginine in oral dosages 
of 0.15 g/kg/day had no effect on RSAT performance. 
Similarly, in the Wingate Anaerobic Test applied 
study conducted by Olek et al.9 on moderately-trained 
healthy participants by administering 2 g single dos-
age of L-arginine 60 min prior to exercise, there were 
no changes in the performance improvement. Again, 
Sales et al.8, in the study applied a test protocol with 
incremental intensity in cycling ergometer on trained 
volunteers, reported that 4.5 g arginine aspartate did 
not cause a difference in performance and had no ef-
fect of improving fatigue tolerance. On the other hand 
Yavuz et al.7, in their study conducted on an incremen-
tal exercise protocol with male wrestlers in the cycling 
ergometer by administering a single dosage of 0.15g/
kg/day L-arginine supplement, reported that there 
was no significant change in maximum heart rate, 

however the duration of fatigue was delayed in the 
arginine group. On the other hand, Hurst and et al.6 
stated that the use of relative dosage of L-arginine in 
male cyclists’ cycling time-trial performance, and that 
the use of absolute dosages provided a reduction in the 
time of completion of the tests and an increase in the 
mean power output, and that the use of L-arginine in 
the relative dosage is more effective than the use of 
absolute dosages. Bailey et al.5 also reported that the 
supplementation of 6 g L-arginine delayed fatigue in 
actively exercising individuals.

In the studies conducted with the trained partici-
pants, whether the uses of absolute or relative dosages 
of L-arginine supplementation had no effect on the 
development of performance. In the study conducted 
by Ermolao et al.11, similar to our current study in 
terms of groups and test protocols used, the players 
were subjected to 11x20m RSAT with a recovery pe-
riod of 20 seconds between each sprint and they were 
given 3 g arginine with carbohydrates, reported the 
supplementation did not cause any changes in RSAT 
performance. 

When some studies with supplementation of 
chronic arginine was examined, the effect on physi-
ological processes or exercise performances seemed 
different from the results obtained in acute supple-
mentation. In studies in which chronic L-arginine 
supplementation was administered with different per-
sons and at different dosages; changes were observed in 
muscle strength and mass (19), VO2 max and increase 
in performance (20), increase in muscle strength and 
peak power (21) and prolongation of neuromuscular 
fatigue (22).

Studies that indicate that L-arginine supplemen-
tation has an effect on endothelial functions or physi-
cal performance are usually performed with individuals 
who are not trained highly or training at recreational 
level or administered with chronic L-arginine sup-
plementation (23,24). Endothelial functions are as-
sociated with vascular health and exercise loads have 
NO bioactivity regulatory effect (24). In addition, the 
responses given to exercise loads by individuals with 
limited endothelial functions are more significant than 
those given by healthy sedentary/less-trained indi-
viduals, and that the metabolic responses shown by 
trained individuals through the supplementation of L-
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arginine emerges more difficultly (according to the in-
creasing training level) (24,25). In addition, the study 
participants’ training levels, selected exercise/test pro-
tocol, supplementation dosage and the implementa-
tion of the supplementation whether acute or chronic 
is thought to affect the results of the study.

Conclusion

In this study, in which acute L-arginine supple-
mentation to football players at a relative dosage of 
0.15 g/kg/day, while a change was observed on the 9th 
sprint of 12 sprints in favour of the group adminis-
tered L-arginine supplementation, no significant effect 
of supplementation has been observed on HR, blood 
pressure and RSAT performance. Considering that the 
football players in this study are trained individuals, 
the effect of oral administration of acute L-arginine 
on performance can be attributed to the fact that the 
metabolic responses in individuals with endothelial 
functions developed that are expected to occur are 
more difficult to detect than those with sedentary/rec-
reational training.
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Summary. Background: Follow up of the nutrition consumption of young soccer players is of great importance 
not only for their sport performance, but also for the protection of health, physical growth and development. 
Aim: The objective of this study was to evaluate the nutritional sufficiency status of elite young male athletes 
in the pre-competition period. Methods: Three-day food consumption and anthropometric measurements of 
the elite young athletes in the pre-competition period were recorded for 26 male voluntary athletes from a 
pro-professional soccer team based in Ankara Turkey. Results: The mean height of the athletes were calculated 
as 175.2±6.8 cm, weight 67.3±5.9 kg, body mass index (BMI) as 21.9±1.3 kg/m2 and body fat percentage 
6.2±1.7. It was determined that the athletes received an average of 3225±692 kcal energy daily whereas their 
mean energy expenditures per day were 3322±240 kcal. The ratios of energy received from carbohydrate, 
protein and fats were 53.6%, 16.2%, and 30.2%, respectively. Carbohydrate and protein consumption/day/
kg body weight were 6.3±1.7 g and 1.9±0.5 g, respectively. It was determined that vitamin D consumption 
was inadequate for 92.3% of the athletes and calcium consumption was inadequate for 50% of the athletes. 
On the other hand, all of the athletes consumed vitamins B2, B6 and B12 as well as phosphorus, iron and zinc 
above recommended quantities. Conclusions: Nutrient consumption of young athletes at the beginning of their 
professional life must be monitored by a qualified dietitian and each athlete must have an individual dietary 
plan. Nutrition education must be arranged and the athletes’ families must be included in these trainings.
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O r i g i n a l  a r t i c l e

Introduction

Soccer is a sports branch which includes physi-
cal performance components such as agility, speed, 
strength, power, and endurance and has the high-
est popularity in the world (1). According to FIFA 
(2006), although soccer is a team game, it is necessary 
for players to have individual nutrition strategies (2). 
It is very important to design nutrition plans for the 
young (adolescent) soccer players because it positively 
affects their performance parameters, physical growth 
and development and results in reduced risks of in-
jury (3). The nutritional needs of young soccer play-
ers are assessed in a similar manner as adult athletes. 
However, since growth and development have not yet 

been completed in younger athletes; they are expected 
to have greater energy and nutrient requirements (4).

Although studies performed on young soccer 
players, considered as endurance athletes, reported 
inadequate energy and nutrient intake (5,6), number 
of studies conducted in Turkey is rather limited. This 
study was planned to determine the food consumption 
and nutritional status of young soccer players (over 
the age of 15) playing in the soccer team of a pro-
professional sports club. Due to the limited number 
of studies regarding nutritional status of adolescent 
athletes, especially soccer players in Turkey, it may be 
considered that the findings of this study will be useful 
for the sports clubs in Turkey.
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Methods

Sample: A total of 26 athletes regularly playing 
in Ankaragucu pro-professional soccer (PAF) team 
volunteered to participate in this study. Approval of 
the Ethics Committee of Clinical Investigations in 
Ankara was obtained for this study (Decision number 
2009/11-107 dated 11.11.2009).

Study Protocol: This study was planned to be con-
ducted over three consecutive days in the pre-competi-
tion period. Considering the possibility that food hab-
its might change on weekends or on days when there 
was no workout, the study was planned so that one of 
the three days fell on a resting day for the athletes. At 
the beginning of the study, a questionnaire consisting 
of questions regarding the demographic and personal 
information was completed by the participants. Vol-
unteers having other obstacles for participating in the 
study (physical ailment or incompatibility) were ex-
cluded. The same day anthropometric measurements 
of the athletes were taken and recorded. For evaluation 
of food consumption status, 3-day food consumption 
(nutrition intake) records were conducted.

Data Collection Tools: Data collection tools com-
prised of three-day food consumption record form, 
weighing scale, stadiometer (height-measuring scale) 
and calipers.

Three-day food consumption registration form: Dur-
ing the 3 day study, all the foods and beverages con-
sumed by the athletes were recorded in the food con-
sumption registration form.

Weighing scale: The body weights of the athletes 
were measured with an electronic weighing scale sensi-
tive up to 0.1 kg (Tanita BC 418MA, Tokyo, Japan).

Height-measuring scale: The heights of the athletes 
were measured with a stadiometer (Seca 220, Germa-
ny) sensitive up to 1 cm.

Caliper: The skin fold thicknesses (triceps, biceps, 
suprailiac, abdomen, midaxillary, pectoral, subscapular, 
thigh, calf, and suprapatella) of the athletes were mea-
sured with a caliper (Holtain, UK).

Collection of Data / Processing Method
Anthropometric Measurements

The skin fold thicknesses (triceps, biceps, suprail-
iac, abdomen, midaxiller, pectoral, subscapular, thigh, 

calf and suprapatella) were measured with the help of a 
caliper to calculate body fat percentages of the athletes. 
Each measurement was repeated three times and aver-
ages were taken (7-9). The weight and height scale were 
used to collected weight and height measurement. The 
weight, height, and BMI of the athletes were compared 
with age appropriate reference values (10).

The body fat percentage calculation= ((4.95/ body 
density) – 4.5) × 100

Body density = 1.112 – (0.00043499 x sum of 
skinfolds) + (0.00000055 x square of the sum of skin-
fold sites) – (0.00028826 x age)

Food Consumption and Energy Expenditure Measurements
Nutrition intakes of the athletes were monitored 

by the researcher for 3 days by means of the food con-
sumption recording form. The daily energy expendi-
tures of the athletes were calculated by Harris-Bene-
dict equation and Physical Activity Level (PAL) values 
(10,11).

Analysis of Data

Three Day Food Consumption
The venue of meal consumption by the participants 

(home or outside) was determined from the question-
naire. In order to determine the amount of nutrients 
present in each portion of the meal consumed by the 
participants eating at home, exact amounts of all in-
gredients used for cooking the meal was recorded. The 
“Food and Nutrition Photo Catalogue: Measurements 
and Quantities” reference book was used to determine 
the amount of nutrients consumed at meals (12). For 
determination of the amount of nutrients included in 
each portion of the meal consumed by the participants 
eating outside, a reference book titled “Mass Nutri-
tion Standard Cookbook for Established Institutions” 
was used (13). Data were entered into the Nutrition 
Information System (BEBIS-5) program and the av-
erage energy and nutrient intakes of the athletes for 
3 days were calculated. Daily dietary energy and nu-
trient consumption sufficiency status of the athletes 
were compared with Dietary Guidelines For Turkey 
(2004) indicating the recommended amounts accord-
ing to age and gender (14). Nutrient intake was clas-
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sified as inadequate, adequate, and excessive intake. 
Food intake is sufficient if it meets 67% of the recom-
mended amount, and if it is more than 33% it is de-
fined as excessive intake. During the study, nutritional 
support and supplements usage of the athletes were 
questioned. However, since none of the participants 
used any nutritional supplements as per records, these 
products were excluded from the data.

Statistical Analysis
SPSS (Statistical Package for the Social Sciences) 

package program (version 15) was utilized for statisti-
cal analyses of the obtained data from the question-
naire which comprised of questions regarding demo-
graphic characteristics and the body composition of 
the experimental population, their nutrient and fluid 
intake as well as use of nutritional support products.  
Means ( X̄ )and standard deviations (SD) were calcu-
lated where applicable. 

Results

The average age of the participants was 16±1.2 
years. The athletes had been playing soccer for 7 years 
on average and had been taking soccer training 6±0.6 
times a week, 110±14.6 minutes on average. None of 
the athletes were diagnosed with any diseases as per 
examination by a physician. No medications were be-
ing used by the athletes. 

Anthropometry 
The average height was 175.2±6.8 cm, the aver-

age body weight was 67.3±5.9 kg and average body 
mass index (BMI) was 21.9±1.3 kg/m2. The weight, 
height, and BMI of the athletes were found to be 
within the required range according to their age. To-
tal skin fold thicknesses were measured as 51.6±9.8 
mm and average body fat percentage was calculated 
as 6.2±1.7% according to skin fold thickness mea-
surements (Table 1).

Food consumptions
The mean and standard deviation values of three-

day energy and macro nutrient intakes of the athletes 
are given in Tables 2. It was observed that the athletes 

receive an average of 3225±692 kcal energy per day 
and the energy expenditures were 3322±240 kcal. The 
ratios of energy received from carbohydrate, protein, 
and fat were 53.6%, 16.2%, and 30.2%, respectively. 
The carbohydrate and protein consumption per weight 
of the athletes were 6.3±1.7 g/kg/day and 1.9±0.5 g/
kg/day, respectively.

The mean ( X̄ ) and standard deviation (SD) of the 
daily dietary micronutrient intake values of the ath-
letes are shown in Table 3.

Table 4 shows the nutritional sufficiency status of 
athletes in terms of micronutrient intakes in compari-
son to Dietary Guidelines For Turkey (2004) (14). It 
was determined that vitamin D consumption in 92.3% 
of the athletes and calcium consumption in 50% of the 
athletes were insufficient. All of the players consumed 

Table 1. Mean ( X̄ ) and standard deviation (SD) values of 
anthropometric measurements of athletes

Anthropometric measurements ±SD

Height (cm) 175.2±6.8

Weight (kg) 67.3±5.9

BMI (kg/m2) 21.9±1.3

Total skin fold thickness (mm) 51.6±9.8

Body fat percentage (%) 6.2±1.7

Table 2.  The average ( X̄ ) and standard deviation (SD) values 
of daily energy and macro nutrient intake values of the athletes

Energy and nutrient ±SD

Energy intake (kcal) 3225±692

Energy consumption (kcal) 3322±240

Carbohydrate (g) 418.2±90.3

Carbohydrate (g/kg/day) 6.3±1.7

Carbohydrate (%)* 53.6±6.5

Protein (g) 128.8±33.3

Protein (g/kg/day) 1.9±0.5

Protein (%)* 16.2±2.1

Total fat (g) 111.1±41.0

Total fat (%)* 30.2±6.4

Saturated fatty acids (%)* 14.1±4.1

Monounsaturated fatty acids (%)* 10.4±2.1

Polyunsaturated fatty acids (%)* 5.7±1.8

Cholesterol (mg) 397.0±168.5

Fiber (g) 25.6±7.0

* Daily received energy ratios
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vitamin B2, vitamin B6, vitamin B12, phosphorus, iron, 
and zinc above the recommended quantities.

Discussion

Sufficient and balanced nutrition of the athletes 
is important for continuity of health, reduction of 
injuries, and sports performance. In particular, ad-
equate and balanced nutrition of adolescent athletes, 
whose growth and development is not complete, is of 
great importance (4). However, the number of stud-
ies evaluating the nutritional status of athletes in the 
adolescence is very limited in the literature. This study 
which is planned and carried out in order to moni-
tor nutrition and anthropometric measurement in elite 
male young athletes, exhibited inadequate nutritional 
status in terms of energy and some micro-nutrients as 
calcium and vitamin D. Considering that these group 
of athletes who will step into professionalism and carry 
the health and nutrition behaviors in their professional 
life, proper guidance and training in this area is of spe-
cial significance. 

Anthropometry
Soccer players show more homogeneous distri-

bution in terms of body structure than other sport 
branches and are generally expected to be 178-183 
cm in height and 68-78 kg in weight (15). Iglesias et 
al. (2008) conducted a study of 22 male soccer players 
aged 14-16 years. The athletes had a height of 178±0.9 
cm, a weight of 62.8±8.7 kg and a BMI of 20.0±1.8 
kg/m2 (16). In this study, the height of the athletes was 
determined as 175.2±6.8 cm, weight 67.3±5.9 kg and 
BMI value 21.9±1.3 kg/m2. The weight, height and 
BMI of the athletes were found to be in the required 
range according to their age.

The skin fold thicknesses obtained with the help 
of caliper from different regions of the body were used 
to evaluate the body composition of the athletes. It has 
been suggested that the sum of 7 skin fold thicknesses 
(abdominal, biceps, thigh, calf, subscapular, supraspi-
nal and triceps) determined by International Society 
For Advances in Kinanthropometry (ISAK, 2009) to 
be between 30-60 mm in male athletes. In the study 
done by Iglesias et al. (2008), the sum of skin fold 

Table 3. Mean ( X̄ ) and standard deviation (SD) values of the 
micro-nutrient consumption values of the athletes

Vitamins / Minerals ±SD

A vitamin (µg RE) 1228.3±485.6

D vitamin (µg) 2.2±3.2

E vitamin (mg) 16.3±6.9

K vitamin (µg) 318.2±82.2

B1 vitamin (mg) 1.3±0.3

B2 vitamin (mg) 2.0±0.7

Niacin (mg) 21.9±7.6

B6 vitamin (mg) 2.0±0.6

Folate (µg) 375.4±91.4

B12 vitamin (µg) 5.7±2.4

C vitamin (mg) 97.6±43.9

Calcium (mg) 1009.0±555.4

Magnesium (mg) 383.3±103.9

Phosphorus (mg) 1877.0±511.4

Iron (mg) 16.6±3.9

Zinc (mg) 17.6±4.6

Copper (mg) 2.5±0.7

Table 4. Assessment of sufficiency status of micro-nutrient 
consumption of the athletes according to Turkey-specific di-
etary guidelines

Micro-nutrient 
Insufficient Sufficient Over

n (%) n (%) n (%)

A vitamin (µg RE) 1(3.8) 14(53.8) 11(42.3)

D vitamin (µg) 24(92.3) - 2(7.7)

E vitamin (mg) 3(11.5) 17(65.4) 6(23.1)

K vitamin (µg) - - 26(100)

B1 vitamin (mg) 2(7.7) 19(73.1) 5(19.2)

B2 vitamin (mg) - 9(34.6) 17(65.4)

Niacin (mg) 1(3.8) 12(46.2) 13(50)

B6 vitamin (mg) - 10(38.5) 16(61.5)

Folate (µg) 2(7.7) 22(84.6) 2(7.7)

B12 vitamin (µg) - 2(7.7) 24(92.3)

C vitamin (mg) 4(15.4) 12(46.2) 10(38.4)

Calcium (mg) 13(50) 12(46.2) 1(3.8)

Magnesium (mg) 2(7.7) 20(76.9) 4(15.4)

Phosphorus (mg) - 9(34.6) 17(65.4)

Iron (mg) - 8(30.8) 18(69.2)

Zinc (mg) - 6(23.1) 20(76.9)

Copper (mg) 26(100) - -
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thickness was found to be at 49.3±9 mm (16). In this 
study, the sum of the skin fold thickness of the ath-
letes was found to be at 51.6±9.8 mm. Although, the 
athletes’ skinfold thickness measurements were in the 
normal range, it was close to the upper accepted limit 
of 60 mm.

Body fat percentages of adolescent athletes were 
reported to be lower than those of non-athletes (17, 
18). Rico-Sanz et al. (1998) found that body fat per-
centage of athletes with a mean age of 17.0±2.0 years 
was approximately 7.6±1.1% (19). In the study done 
by Iglesias et al. (2008), the body fat percentage was 
found to be at 9.0±1.6% (16). In this study, body fat 
percentage was calculated as 6.2±1.7% according to 
skin fold thickness measurements. The results of the 
measurements regarding the skin fold thickness of the 
athletes were found to be within the acceptable values 
according to the age group and the sports branch of 
the athletes.

Food Consumption / Nutrition Intake
Irrespective of their sports activity status, factors 

such as being in the adolescence phase, social circle, 
personal taste, body image etc. affect young people’s 
food choices (20-22). Young athletes need special at-
tention for the protection and development of their 
nutritional status. Studies have shown that athletes fail 
to meet their energy needs in general. Furthermore, 
looking at the nutrient distribution of energy especial-
ly in endurance athletes as soccer players, percentage of 
energy received from carbohydrates are unable to meet 
the daily nutritional recommendations (5,6).

A study of the nutritional status of adolescent 
athletes in Brazil found that the amount of protein 
consumed by athletes was above the ACSM (Ameri-
can College Sports Medicine) recommendation and 
that carbohydrate consumption was inadequate for fe-
male athletes (6). 

In a study done by Garcin et al. (2009) on 26 run-
ners, 12 sprinter and 25 handball players, it was de-
termined that the athletes’ energy intake was 452±456 
kcal lower than their energy expenditure and that the 
athletes could not meet their daily energy needs (5). In 
this study, it was seen that athletes consumed an aver-
age of 3224.9±691.7 kcal energy and spent 3322±240.4 
kcal energy per day. It was determined that only 42.3% 

(11 people) met the daily energy expenditure. It was 
found that the difference between energy expenditure 
and intake was 586.6±401.6 kcal on average for ath-
letes who could not meet their energy expenditure. In 
the sports center where the research was conducted, 
the absence of a dietitian who could plan the menus 
of the athletes and could provide nutrition education, 
could be the cause of inadequate diet and healthy nu-
tritional practices among the athletes. There is a need 
for more training and information about energy and 
carbohydrate intake especially in this group of young 
endurance athletes.

Exercise performance in endurance sports, such 
as soccer, depends on the maintenance of blood glu-
cose during exercise and muscle glycogen renewal after 
exercise, and high carbohydrate diet is recommended 
due to the long exercise periods. According to ACSM 
(2016) (11); a high carbohydrate diet,  of 6-10 g/kg/
day per weight is recommended. A study evaluating 
the nutritional status of soccer players in different age 
groups (14, 15, 16.6, 20.9 years) showed that the ath-
letes› nutrient consumptions were lower than recom-
mended levels and in particular the carbohydrate con-
sumptions (44.6%) were inadequate (23). Iglesias et 
al. (2008) study showed that the percentage of energy 
intake from carbohydrates was 46% and that no athlete 
could go above 55% (16). 

In the study done by Garcin et al. (2009), it was 
determined that the percentage of the athletes receiv-
ing energy from carbohydrates was 51.3±3.0% and 
their consumption was below the recommendations 
(5). In this study, it was determined that they consumed 
6.3±1.7 g/day of carbohydrate per kg weight and that 
they met their daily carbohydrate requirements at just 
the lower margin of the acceptable level. According to 
the ACSM (2016) recommendations, 30-60 g/h car-
bohydrate consumption during 1-2.5 hours of endur-
ance exercise positively affect the sport performance. 
In this study, it was determined that the athletes did 
not consume carbohydrates during exercise.

Protein consumption is seen as a key nutrient for 
success in all sports (11). The daily protein requirement 
of the athlete varies according to endurance and power 
training. The recommended protein intake for endur-
ance athletes is determined as 1.2-1.4 g/kg/day (24). In 
a study conducted by Iglesias et al. (2008) found that 
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the athletes› protein consumption was 1.8 g/kg/day 
and 15% of the energy was obtained from protein (16). 
In a study of protein consumption of 11 soccer players 
aged 15 years (25), it was found that daily protein con-
sumption was 1.57 g/kg per weight and this amount 
provided a positive nitrogen balance. In this study, it 
was determined that the ratio of energy received from 
protein was 16.2% and the athletes consumed 1.9±0.5 
g/day protein per weight. It was determined that the 
athletes’ diets were well above the recommended pro-
tein consumption quantities for endurance athletes. 
The protein sources in the athletes’ diets were high 
quality protein resources as cheese, meat, and eggs. 
Along with the thought that excessive protein intake 
will cause more muscle and power production, protein 
intake of the athletes has also increased as a result of a 
shift towards nutrients that are protein sources. 

Fat, especially saturated fatty acids and choles-
terol consumption are increasing due to the fact that 
athletes consume more protein and increase their meat 
consumption (26). In long-term exercises, the fats are 
used as fuel. The ACSM (2016) recommendation for 
fat consumption is 20-35% of energy supplied from 
fat. The studies show that the athletes› daily ratio of 
energy intake supplied from fat is over 30 (5,16). 

In Iglesias et al. (2008) study, it was determined 
that the ratio of athletes› diets supplied by fat is 38% 
and that cholesterol intake was 343 mg/day (16). In a 
study conducted to determine the nutritional status of 
soccer players, it was found that the adolescent athletes 
whose average age was 15 years had a ratio of 29.1% 
energy intake from fat (25). In this study, it was de-
termined that the athletes› energy intake from fat was 
30.2±6.4% and the fatty acid distribution was as follows: 
saturated fat 14.1%, monounsaturated fatty acid 10.4% 
and polyunsaturated fatty acid 5.7%. Although it is sug-
gested that the athletes› daily saturated fat consumption 
must be 8% of energy intake and the cholesterol intake 
must be less than 300 mg; in this study, saturated fat and 
cholesterol consumptions were 14.1% and 397.0±168.5 
mg respectively. The reason behind unbalanced fatty 
acid distribution was due to the fact that athletes con-
sumed a lot of eggs, cheese, and meat, but not fish. 

Presently there is no recommendation about daily 
fiber consumption for athletes, but in Dietary Guidelines 
for Turkey (2004) (14), fiber consumption of approxi-

mately 25 g/day is recommended for this age group and 
gender. In a study done by Schenkel et al., it was deter-
mined that daily fiber consumption of male soccer play-
ers (average age at 15.3±31.2) was 14.4 ± 0.38 g (20). In 
this study, it was determined that the athletes› daily fiber 
consumption was 25.6 g, which was consistent with the 
fiber recommendation. It was thought that the athletes› 
daily consumption of vegetables-fruits (562.5±256.5 g), 
legumes (14.9±13.3 g), and oily seeds (4.1±16.2 g) were 
sufficient to meet their daily fiber needs.

Studies on the micro-nutrient intake of the athletes 
have shown that adolescent athletes do not sufficiently 
consume micronutrient contents such as calcium, mag-
nesium, iron, zinc and vitamin D (20, 27-29). Garcin et 
al. (2009) conducted a study; it was found that athletes› 
vitamin D, vitamin E and magnesium consumptions 
were below the RDA for France (5). In a study done by 
Rico-Sanz et al. on elite soccer players, it was concluded 
that their calcium consumptions were inadequate after 
assessing their nutrition status (19). In this study, it was 
seen that 50% of the athletes consumed calcium inad-
equately when their micro nutrient requirements are 
compared with Dietary guidelines for Turkey (2004) 
values recommended fort his age group and gender.

While athletes are recommended to consume 
450 g of milk and 30 g of cheese per day according to 
their ages and gender in Dietary Guidelines for Turkey 
(2004), it was determined in this study that athletes 
consumed 259.7±181.7 g of milk and 82.5 ± 105.3 g 
of cheese per day and therefore could not meet their 
daily calcium requirements. In the study, 92.3% of the 
athletes were found to have inadequate vitamin D in 
their diets. However, soccer being an open-air sport, 
they would benefit from sun rays which are the main 
source of vitamin D.

Conclusion

As a conclusion, the nutritional status of the ath-
letes should be determined at regular intervals. Educa-
tion of coaches, trainers, team workers, athletes, and 
athletes’ families are an important part of the nutri-
tion training protocol. The first aspect of nutrition 
education for athletes by sports dietitians must be the 
correct choice of nutrients in the diet. Even though 
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soccer players meet their energy needs, carbohydrate 
consumption and some micronutrient intakes are of-
ten inadequate.

The dietary intake studies for athletes should 
be done during their stay in the training camps. The 
weakness of this study is that the athletes remained 
at home during the study period and that some of the 
information provided by the participants was not ob-
servable and depended on the athlete’s self-claim.
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The effect of carbohydrate gel consumption on elite mountain 
bikers time to exhaustion and blood glucose metabolism
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Summary. Study Objectives: In athletes, additional carbohydrate (CHO) uptake is important during sub-
maximal and high-intensity exercise and competitions where the cost of metabolism exceeds endogenous 
carbohydrate depots. The aim of this study was to investigate the effects of carbohydrate gel consumption on 
glucose concentration and exercise time to exhaustion of elite mountain bikers. Methods: 20 mountain bikers 
(22,5 ± 2,64 years; 67,4 ± 5,44 kg; 174,7 ± 4,59 cm) performed bicycle ergometer with increasing overload test 
at 48 hours intervals. The experimental group was given 42 g of carbohydrate gel 20 minutes before test and 
control group was not consumed carbohydrate gel. In addition, the glucose levels of the athletes were followed 
with blood samples taken before and after the tests. Results: The averages of glucose levels and exhaustion 
times were higher according to the carbohydrate gel consumption (p<0.001). The consumption of carbohy-
drate gel decreases the glucose levels by 4.48% and does not the consumption of carbohydrate gel decrease by 
8.90%. The glucose levels of mountain bikers in the trials decrease by 4.48% and 8.90% according to carbo-
hydrate gel consumption and not, respectively. The exhaustion times of carbohydrate gel consumed mountain 
bikers were higher (9.35%; 00:31 sec.). Conclusion: Mountain bikers consuming carbohydrate gels were found 
longer exercise times and higher blood glucose levels than those who did not consume carbohydrate gels.

Key words: carbohydrate gel consumption, exhaustion time, glucose, mountain biker
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O r i g i n a l  a r t i c l e

Introduction 

In recent years, the ergogenic aids are commonly 
used to increase performance and achieve success by 
the athletes (1). Sportive performance improves with 
a balanced diet; unbalanced diet may affect negative-
ly the performance (2). For this reason, supplement 
products have been one of the important issues that 
should be emphasized (3). Supplement products, hav-
ing a wide range of products, are general vitamins, 
minerals, amino acid, essential fatty acid, various veg-
etables and their extracts (4). Carbohydrates used as 
nutrition support are the most significant component 
of energy metabolism during exercises (5). Additional 
carbohydrate intake is significant since sub-maximal 
and intermittent high intense exercises and metabo-

lism energy consumption exceed the endogenous car-
bohydrate storage during competitions (6). It has been 
reported that carbohydrate (CHO) intake during exer-
cises increases the performance of long exercises with 
limited endogenous carbohydrate (7). Recreational 
athletes and team sports players frequently consume 
carbohydrate-electrolyte solutions in order to raise 
blood glucose concentration.

Former studies showed that multiple transport-
able carbohydrates products caused low fatigue level 
and a positive increase in athletic performance (8-10). 
Recent studies have reported that carbohydrate gel 
consumption has become popular among athletes to 
eliminate loss of carbohydrate and dehydration dur-
ing exercises (11-13). It was commonly shown in the 
literature that carbohydrate (CHO) based supplement 



M. Beyleroğlua20

increases the endurance performance (14-17). Earnest 
et al. (12) examined the carbohydrate gel ingestion 
during simulated endurance (64 km) cycling time trial 
performance and their results showed a trend in time 
and wattage over the last 16 km of 64 km simulated 
time trial. In addition, Kingsley, Penas-Ruiz, Terry 
Russell, (18) stated in their study, conducted on recrea-
tional footballers, that carbohydrate-electrolyte gel in-
creased sprint performance during intermittent high-
intense exercises. It was also stated in another study 
that carbohydrate gel ingestion significantly raised 
intermittent endurance capacity of adolescent team 
players (19). Moreover, Campbell, Braun, Applegate, 
and Casazza, (20) examined the effectiveness of car-
bohydrate supplements (drink, gel and jellybeans) over 
water only on cyclists 80 min followed 10 km time trial 
performance. They reported that carbohydrate supple-
ments in the form of a drink, gel, or sports beans dur-
ing of approximately 2 hr with sufficient glycogen and 
in normal environmental conditions were effective in 
maintaining blood glucose levels and improving per-
formance over water only.

The effects of carbohydrate gel consumption on 
blood levels and performance of different athletes in 
different branches have been researched in many stud-
ies. These studies have generally been conducted on 
recreational athletes (21) or young athletes training at 
early ages (19,13). Also, there are limited numbers of 
studies studying blood levels and performance com-
ponents on the elite athletes. Although carbohydrate-
based supplements are commonly used by cyclists, 
there is no study investigating the effects of carbohy-
drate-based supplementation on elite mountain bikers. 
In this context, the purpose of this study is to examine 
the effect of carbohydrate gel consumption on elite 
mountain biker’s time to exhaustion and blood glucose 
concentration.

Method

Participants
20 elite (Turkish national team) mountain bik-

ers (X̄ age: 22,5±2,64 years; X̄height: 174,7±4,59 cm; X̄weight: 
67,4±5,44 kg; X̄experience: 7,7±2,4 years) participated vol-
untarily in this research. Participants were informed 

about the purpose of the research, details of the tests, 
and the risks they may encounter. The participants 
were informed about the purpose of the study, details 
of the application and the risks that may cause due 
to the application and voluntary consent forms were 
signed by the athletes. Ethical approval was obtained 
from the Faculty of Medicine of Sakarya University 
with protocol number 16214662/050.01.04/71.

Data Collections Tools
Participants’ heights were measured with Seca 

213 (Germany) brand portable stadiometer with 1 mm 
sensitivity, and participants’ weights were measured 
with Seca 808 (Germany) brand digital scale. Monark 
839 E modal (Vansbro, Sweden) bicycle ergometer 
and computer software connected to the bicycle were 
used to measure endurance performance of partici-
pants. Polar M400 (Kempele, Finland) was used to 
follow the heart beats during tests. Participants’ blood 
glucose levels were measured with Okmeter Optime 
OK-10H (Taiwan).

Observation of Participants’ Diet and Activity
Participants were not performed physical activity 

48 hours before and between the two test trials. The 
same diet programs (different food for every day) were 
applied to all athletes who perform a pre-competition 
preparation camp.

Collecting Data and Exhaustion Test Protocol
The cross-sectional study design was used to col-

lect data from control and experimental group. Par-
ticipants were randomly separated into two groups, 
10 athletes in the control group and 10 athletes in the 
experimental group. Twenty minutes before the first 
trial, the experimental group was given carbohydrate 
gel (Multipower Multicarbo® 1 packet gel 40 g; 104 
kcal, 26 g carbohydrate, 10 g sugar 350 mg salt) by a 
nutrition expert who was not involved in the research. 
Carbohydrate gel was not given to the control group. 
The resting heart rates of all athletes were determined 
before warm up and then all participants performed a 
standardized 15-min warm-up session. A graded exer-
cises test with bicycle ergometer applied to determine 
bikers’ time to exhaustion. The ergometer bike load 
was increased by 50 watts in every 2 minutes for the 
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duration of the test. The test ended at athletes’ exhaus-
tion time and exhaustion time was recorded. At the 
end of every two minutes, heart rates (HR) of athletes 
were obtained via a HR monitor (Polar M400) during 
test protocol. Additionally, athletes’ blood glucose lev-
els were measured immediately after exercise. After 48 
hours all athletes participated in the second trial and 
did the same study protocol as the first trial. 

Statistical Analysis
SPSS 18 was used for data analysis. The descrip-

tive statistics for heart rate during the tests were given 
as the mean and standard deviation. Differences in 
time to exhaustion between treatments were assessed 
using a paired t-test. Differences in glucose levels were 
analyzed using a 2X2 (treatment X time) repeated 
measures analysis of variance (ANOVA). The effects 
of carbohydrate gel consumption on exhaustion times 
and changes in Glucose levels were assessed by exam-
ining the carbohydrate gel consumption X trial inter-
action effect in 2-way repeated-measures ANOVA. 
Differences in percentages of glucose levels were cal-
culated using the formula Δ% = ((Pretest - Posttest) / 
Pretest) × 100 (22). Significance was set at 0.05.

Findings

It was observed that the averages of glucose levels 
were statistically different according to measurement 
times (F=406.101; p=0.001). Accordingly, it was found 
that the total glucose levels decreased by a mean of 
6.63% between the pre and post measurements. More-
over, it was also detected that the averages of glucose 
levels were statistically different according to the car-
bohydrate gel consumption (F=12.911; p<0.001). In 

addition, the interaction between the glucose levels of 
the carbohydrate gel consumption and measurement 
times was statistically significant (F=37.972; p=0.001). 
Accordingly, it was found that in exhaustion exercise, 
the consumption of carbohydrate gel decreases the 
glucose levels by 4.48% and does not the consumption 
of carbohydrate gel decrease by 8.90% (Table 1).

It was observed that in the exhaustion times of 
mountain bikers were statistically different according 
to carbohydrate gel consumption (p<0,05; Table 2). 

The heart rate of mountain bikers was increased 
linearly during the test period. According to these 
results, the average heart rate of mountain bikers 
who consumed carbohydrate gel was determined as 
196.65±1.31 (bpm) at the end of the test.

Figure 1. Comparison of glucose levels of mountain bikers ac-
cording to carbohydrate gel consumption

Table 1. Comparison of glucose levels according to two-way repeated measures ANOVA of carbohydrate gel consumption

Variables

Glucose Levels ( mg/dL)

Δ % F pPre-test Post-test Total

X̄ ± SD X̄ ± SD X̄ ± SD

CHO + 98.00±2.62 93.80±3.16 95.90±2.89 4.48
12.911 0.001**

CHO – 96.70±2.68 88.80±3.22 92.75±2,95 8.90

Total 97.35±2.69 91.30±4.04 Trial x Time
F=37.972; p=0.001**F=406.101; p=0.001**

Table 2. Comparison of time to exhaustion according to carbo-
hydrate gel consumption
Variables X̄ ± SD (min) t p

CHO + 15:13±00:43
2,199 0,040*

CHO - 14:42±00:38
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Discussion

The primary finding of this study was that the 
carbohydrate gel consumption increased the elite 
mountain bikers’ blood glucose levels and exhaus-
tion times during graded tests. When blood glucose 
concentration data was examined, it was determined 
that there were differences in total glucose levels of 
mountain bikers according to carbohydrate gel con-
sumption. Additionally, the interaction between car-
bohydrate gel consumption and measuring time was 
significant. Athletes’ blood glucose level decreased by 
8.90% without CHO gel consumption; whereas, the 
blood glucose levels of the athletes who ingested CHO 
gel decreased by 4.48%. 

Recent studies show that carbohydrate intake be-
fore and during exercises is important for maintaining 
blood glucose concentration and this situation is one 

of the important factors affecting performance (12). 
When the results of previous studies were examined, 
it was seen that carbohydrate gel causes an increase in 
blood glucose levels of athletes. However, the rate of 
increase in blood glucose levels greater than our study. 
For instance; Brooks, Bradley, Lane, and Hodgson, 
(23) reported that carbohydrate gel consumption pro-
duced a significantly greater increase in blood glucose 
levels against control treatment (1.6 mmol/l compared 
to 0.6 mmol/L). Similarly, Campbell et al. (20), ex-
amining different carbohydrate supplement products 
(jellybeans, sport drink and gel) in several studies, 
stated that blood glucose concentration of athletes, 
consuming supplement products were significantly 
higher from the athletes’ glucose level who consume 
only water (5.7 ± 0.2 mmol/L for sports beans, 5.6 ± 
0.2 mmol/L for sports drink, 5.7 ± 0.3 mmol/L for gel, 
and 4.6 ± 0.3 mmol/L for water). Nicholas et al. (24) 
reported that carbohydrate-electrolyte consumption (5 
mL x kg-1) and after every 15 min of exercise thereaf-
ter (2 mL x kg-1) decreased muscle glycogen utilization  
levels during 90 min of intermittent high-intensity 
running by 22% (192.5 ± 26.3 mmol compare to con-
trol group 245.3 ± 22.9 mmol). These samples support 
the results of current research about blood glucose lev-
els, but the level of increase in blood glucose or rates 
glucose utilization seems to be greater than the results 
of this study. 

According to the second findings of the study, 
it was determined that exhaustion time of mountain 
bikers, consuming carbohydrate gel, was higher than 
those of bikers not using carbohydrate gel. Studies 
examining CHO gel ingestion show that exhaustion 
time of the athletes consume carbohydrate gel can be 
higher than the athletes do not consume CHO gel.  
Patterson and Gray (25) reported in their study, they 
examined effects of carbohydrate gel supplementa-
tion on intermittent high-intensity shuttle running, 
exhaustion time of the group, using carbohydrate gel, 
was 45% higher than the placebo group. Similarly, 
Phillips, Turner, Sanderson, and Sproule (19) stated in 
their study, applied to adolescent young athletes, ex-
haustion time of athletes using carbohydrate gel was 
21% higher than the placebo group. In our study, there 
was a rate of 9.35% (00:31 seconds) difference between 
exhaustion times according to the carbohydrate gel 

Figure 2. Comparison of the exhaustion times of mountain 
bikers according to carbohydrate gel consumption

Figure 3. Comparison of average heart rate according to carbo-
hydrate gel consumption in the exhaustion exercise
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consumption. Moreover, any statistical difference was 
not found between athletes’ heart rates using carbohy-
drate gel and not using. However, it was determined 
that mountain bikers using carbohydrate gel continued 
their exercises with higher heart rates towards the end 
of the exercise. Patterson and Gray (25) reported that 
carbohydrate gel consumption didn’t change athletes’ 
heart rates.

According to previous researches’ results, it was 
determined that the effect of carbohydrate consump-
tion on time to exhaustion and blood glucose concen-
tration were higher than our results. Sample group in 
our study consists of athletes who race in international 
competitions, have similar training history, and condi-
tion levels. Sample group consists of recreational ath-
letes in other studies. Low positive effects of carbohy-
drate consumption may result from the sample group. 
Hopkins has reported that the differences between the 
performances of the athletes competing at the interna-
tional level may be very low (26). 

Conclusion

In conclusion, it was determined that the exhaus-
tion time of mountain bikers consuming carbohydrate 
gel was longer and the blood glucose level of the bikers 
was higher than bikers who didn’t consume carbohy-
drate gel. According to this result, it can be said that 
carbohydrate gel used before exercises affects positive-
ly athletic performances by increasing blood glucose 
level, exhaustion time and by decreasing carbohydrate 
utilization.
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Summary. Background/aims: Only a few studies determined some equations to predict resting metabolic 
rate (RMR) in endurance athletes, however the validity in ultra-endurance athletes, such as triathletes and 
ultra-marathoners, had not been examined previously. The aim of this study was to assess the accuracy of com-
monly used RMR predictive equations (Harris-Benedict, Mifflin-St. Jeor, Cunningham, WHO/FAO/UNU 
(calculated by using body mass and height and body mass alone), Wang, and Sabounchi (Structure 4, 5, and 
11) equations) comparing with measured RMR in ultra-endurance athletes. Methods: Male (n=15) and female 
(n=15) ultra-endurance athletes age 23 to 55 years from Ankyra Sports Club were included. The Bland-
Altman plot was performed to determine mean bias and limits of agreement between measured and predicted 
RMRs. Linear regression analysis was used to determine the accuracy of each predictive equation by comput-
ing the standard error of estimate and root-mean-squared prediction error (RMSPE). Results: Mifflin-St. 
Jeor equation was found to be the best predictive equation with lowest RMSPE (275.85 kcal/day for men 
and 388.34 kcal/day for women) and mean difference (3.04±285.51 kcal/day for men and 185.57±353.10 for 
women) in ultra-endurance athletes. The Cunningham equation could be used in estimating RMR in male 
athletes (RMSPE, 310.77 kcal/day, the bias between measured vs. predicted RMR, 147.68±283.04 kcal/day). 
Conclusions: The Mifflin- St. Jeor and Cunningham equations for men and the Mifflin-St. Jeor equation in 
women could be used with caution in the absence of indirect calorimetry in ultra-endurance athletes. All 
other predictions significantly underestimated RMR for both sexes. 

Key words:  ultra-endurance athletes, resting metabolic rate, predictive equation, indirect calorimetry, energy 
metabolism
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O r i g i n a l  a r t i c l e

Introduction

Given the intensive and long periods of ultra-en-
durance events (>6 h/race), providing sufficient energy 
to maintain body mass and avoid performance decline 
plays an important role in achieving performance goals 
and maintaining health status, and the estimation of 
energy requirements is critical for ultra-endurance 

athletes to maintain their body hormesis and develop 
their race strategies (1). 

The basic component of sports nutrition assess-
ment is to estimate the energy expenditure and intake 
during the training and race. In case the energy cost of 
training or race exceeds energy intake, the athlete has 
a negative energy balance, and this leads to a decline in 
performance and may result in failure of achieving his/
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her goals (2, 3). The Australian Institute of Sport de-
termined resting metabolic rate (RMR) as an impor-
tant tool for athletes, especially when they could not 
reach their performance targets in response to personal 
training interventions (1). 

RMR is one of the largest components of total en-
ergy expenditure (approximately 60-80% for sedentary 
adults and 38-47% for elite endurance athletes) and 
could be measured by using direct or indirect calorim-
etry measurement (4). Although it is important, this 
technique is not commonly preferred in energy meas-
urement of athletes because long measurement periods 
and expensive laboratory equipment are required to 
measure RMR and trained personnel are also needed 
to obtain accurate results. Therefore, several predictive 
equations are developed to offer an alternative low-
cost method of RMR estimation (5, 6). 

Predictive equations are developed based on sex, 
body height and weight, and fat-free mass (FFM), and 
each of these is validated from a different range of pop-
ulations, ages, and body compositions (7). For example, 
Harris and Benedict (8) first developed an equation on 
239 healthy adults (136 men, 103 women; mean body 
mass index for men, 21.4, and women, 24.4) and fre-
quently used the equation to predict RMR. The RMR 
predictive equation of Mifflin et al. (9) was derived 
from 264 normal weight and 234 obese adult samples 
using body weight, height, and age. The World Health 
Organization (WHO)/Food and Agricultural Organi-
zation (FAO)/United Nations University (UNU) pre-
dictive equations (10) were developed using data from 
Schofield and James, including 2526 adults (2,279 
men, 247 women; with 47% of Italian population) and 
using either body weight and height or body weight 
alone. Cunningham (11) used the variables of Harris 
and Benedict by adding 60 new trained adults, and de-
veloped an equation to predict RMR using lean body 
mass of the subjects, and revealed that the equation is 
more accurate in certain populations. Wang et al. (12) 
found a linear relationship between FFM and RMR 
and developed an equation using data from 6 different 
studies. Sabounchi et al. (13) used 47 population-spe-
cific predictive equations of RMR and developed the 
resulting “structures” based on different characteristics 
of target population to be more specific for different 
populations. The American College of Sports Medi-

cine (ACSM) position statement recommended the 
use of the Cunningham or Harris-Benedict equation 
to obtain a reasonable estimate of RMR in athletes (4). 

Because of differences in body composition, 
training/race load, or other endurance-related char-
acteristics of ultra-endurance athletes, there remains a 
need for a valid predictive equation that could be used 
to estimate RMR of athletes. Thus, the aim of this 
study was to compare the RMR predicted according 
to gender by 9 RMR predictive equations with RMR 
measured by indirect calorimetry in ultra-endurance 
athletes to determine which one of these predictive 
equations is more suitable to use in the populations.

Materials and methods

Subjects
Fifteen male (triathletes, n=10; ultra-mara-

thoners, n=5) (38.46±5.32 years; 178.27±7.36 cm; 
73.01±7.38 kg; 63.36±6.39 kg of FFM; 13.16±3.89 
body fat [BF%]) and female (triathletes, n=6; ultra-
marathoners, n=9) (37.13±7.87 years; 162.67±3.72 cm; 
56.46±4.07 kg; 45.31±2.78 kg of FFM; 19.64±3.14 
BF%) ultra-endurance athletes participated in this 
study. The inclusion criteria were as follows: 1) par-
ticipation in ultra-endurance races/events, 2) >15-18 
h/week training for at least three years, and 3) no his-
tory of metabolic disorders. Athletes who are using any 
ergogenic aids or medications and have a history of 
metabolic or eating disorders were excluded from this 
study. The study was conducted at the Center of Ath-
lete Training and Health Research of the Ministry of 
Youth and Sports between March 20, 2018 and April 
25, 2018. Subjects were recruited from Ankyra Sports 
Club in Ankara. All athletes were informed about the 
study protocol and provided written informed consent 
form at the beginning of the study. 

Data Collection
Anthropometric Measurements

Anthropometric measurements (body height, 
body mass, FFM, and fat mass [FM]) were performed 
while the athletes wearing underwear in a fasting state 
(12 h). Body mass, FM, and FFM were measured using 
multifrequency bioelectrical impedance analyzer (MF-
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BIA) (TANITA MC-780, Japan; 0.1 kg accuracy), 
and height was measured while athletes were standing, 
head positioned in Frankfort horizontal plane, using 
a portable stadiometer (portable stadiometer, Holtain, 
London, United Kingdom; 0.1 cm accuracy). 

Indirect Calorimetry
Indirect calorimetry was used with the reason it 

is a valid measurement to reach actual RMR value. All 
athletes completed an RMR test using indirect calo-
rimetry (COSMED K5 metabolic cart; COSMED, 
Rome, Italy). The system was recalibrated after every 
3 athletes. 

RMR measurement was standardized according 
to the procedures in a systematic review conducted 
by Compher et al (5). All athletes were asked to visit 
the Exercise Performance Laboratory in a fasting (at 
least 5 h) and resting (24 h, without doing vigorous 
exercise the day before the test) state and refraining 
from caffeine (at least 4 h), cigarette (at least 2 h), and 
alcohol (at least 2 h) consumption. The RMR test was 
performed at 8:00 to 9:00 AM, and the athletes rested 
without falling asleep, lying in a supine position for 
20 min, in a dusk, silent room with an ambient tem-
perature of 20-25°C. After the resting period, the test 
protocol was started while athletes were placed in a 
physically comfortable supine position and lasted for 
approximately 20 min. Data were recorded 5 min af-
ter the start of the test, and measurement was stopped 
after reaching a minimum of 5 min in steady-state 
conditions (achieving a 5-min period with ≤10% coef-
ficient of variation for oxygen consumption [VO2] and 
carbon dioxide production [VCO2]).

Predictive Equations
RMRs for each participant were estimated using 

9 commonly used standard predictive equations as pre-
sented in Table 1. 

Statistical Analysis
Data were analyzed according to sex using SPSS 

version 23.0. Sample size was calculated using the for-
mula (n= (ln(1-g)/ln(1-p))4 based on Viechtbauer W 
et. al (14). We determined probability (p) of the study 
based on the results of similar studies (19, 25) and  de-
fined confidence interval (g) as 0.95. Paired-sample 

t-test was used to compare measured and predicted 
RMRs. Linear regression analysis and Bland-Altman 
plot were used to determine the accuracy of each RMR 
predictive equation by comparing the indirect calorim-
etry measurement values and identify a proportional 
bias. The RMSPE was calculated to evaluate the ac-
curacy of predicted RMR compared with the actual 
measured RMR for each athlete. Intraclass correlation 
coefficient was calculated to determine agreement be-
tween measured and predicted RMR. Data were rep-
resented as mean ± standard deviation (SD), and sta-
tistical significance was set at a P-value <0.05. 

Results

The general information of the athletes is pre-
sented in Table 2. Table 3 represents the mean differ-
ences between measured and predicted RMR in ultra-
endurance athletes. In men, values from all predictive 
equations with the exceptions of the Mifflin-St. Jeor 
(mean difference, 3.04±285.51 kcal) and Cunningham 
equations (mean difference, 147.68±283.04 kcal) were 
significantly different from the measured RMRs. The 
Harris Benedict, WHO/FAO/UNU (calculated with 
body mass and height), WHO/FAO/UNU (calculated 
with body mass alone), Wang, and all Sabounchi equa-
tions (Structures 4, 5, and 11) underestimated actual 
RMRs. 

Values from all predictive equations with the ex-
ception of the Mifflin-St. Jeor equation (mean differ-
ence, 185.57±353.10 kcal) were significantly different 
from the measured RMRs in female ultra-endurance 
athletes. The Harris Benedict, Cunningham, WHO/
FAO/UNU (calculated with body mass and height), 
WHO/FAO/UNU (calculated with body mass alone), 
Wang, and all Sabounchi equations (Structures 4, 5, 
and 11) prediction underestimated actual RMRs. 

Table 4 presents the percentage of accuracy of 
each predictive equation according to the measured 
RMRs. Mifflin-St. Jeor and Cunningham equations 
in men (in 7 of 15 male athletes) and Mifflin-St. Jeor 
equation in women (in 8 of 15 female athletes) pro-
vided the most accurate RMR predictions. 

Based on the regression analysis between meas-
ured and predicted RMRs for male ultra-endurance 
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athletes, the variance in predicted RMRs ranged from 
a standard error of estimate (SEE)=282.09 kcal/day 
from the WHO/FAO/UNU equation (calculated 
with H and BM) to a SEE= 293.20 kcal/day from the 
Harris Benedict equation, accounting for 18.5% and 
11% of the variance in male ultra-endurance athletes, 
respectively. The Mifflin-St. Jeor equation yielded the 
lowest RMSPE value of 275.85 kcal and the high-
est intraclass correlation coefficient (ICC) of 0.76, 
which indicated that it has good reliability in estimat-
ing RMR for male ultra-endurance athletes, whereas 
the Structure 5 equation yielded the highest RMSPE 
value of 466.44 kcal. 

Table 1. Resting metabolic rate predictive equations

No Name Equation

1 Harris-Benedict  Men: RMRa (kcal.d-1)= 66.47 +13.75*BMb (kg) + 5*Hc (cm) - 6.76*Ad (year)
  Women: RMR (kcal.d-1)= 655.1+9.56*BM (kg) + 1.85*H (cm)-4.66*A (year)
2 Mifflin-St. Jeor   Men: RMR (kcal.d-1)= 66.7+13.75*BM (kg)+5*H (cm)-4.92*A+5
   Women: RMR (kcal.d-1)= 66.7+13.75*BM (kg)+5*H (cm)-4.92*A-161
3 Cunningham   RMRa (kcal.d-1)= 500 + 22*FFMe (kg)
4 WHO/FAO/UNUf  BM (kg) and H (m):
   Men: age (year) 
    8-30 RMR (kcal.d-1)= 15.4*BM (kg)-27*H (m)+717 
    31-60 RMR (kcal.d-1)= 11.3*BM (kg) + 16*H (m)+901
    >60 RMR (kcal.d-1)= 8.8*BM (kg) +1.128*H (m)-1.071
   Women:  age (year)
    18-30 RMR (kcal.d-1)= 13.3*BM (kg)+334*H (m)+35
    31-60 RMR (kcal.d-1)= 8.7*BM (kg) -25*H (m)+865
    >60 RMR (kcal.d-1)= 9.2*BM (kg) +637*H (m)-302
5 WHO/FAO/UNUf  BM (kg) alone:
   Men: age (year) 
    18-30 RMR (kcal.d-1)= 15.3*BM (kg)+679 
    31-60 RMR (kcal.d-1)= 11.3*BM (kg)+879
    >60 RMR (kcal.d-1)= 13.5*BM (kg)+487
   Women:  age (year)
    18-30 RMR (kcal.d-1)= 14.7*BM (kg)+496
    31-60 RMR (kcal.d-1)= 8.7*BM (kg) +829
    >60 RMR (kcal.d-1)= 10.5*BM (kg) +596
6 Wang   RMR (kcal.d-1)= 24.6*FFM (kg) +175
7 Structureh 4   Men: RMR (kcal.d-1)= 361+21.1* FFM (kg) +4.77*FMg (kg)
   Women: RMR (kcal.d-1)= 360 + 21* FFM (kg) + 4.68* FM (kg)
8 Structure 5   Men:  RMR (kcal.d-1)= 503 + 18.3*FFM (kg)
   Women:  RMR (kcal.d-1)=473 + 20.1* FFM (kg)
9 Structure 11   Men:  RMR (kcal.d-1)= 898-3.32*A + 14.3*FFM (kg) +6.46* FM (kg)
   Women:  RMR (kcal.d-1)= 682-3.08*A+12.9*FFM (kg) +5.9* FM (kg)

aRMR, resting metabolic rate in kcal/day. bBM, body mass (kilograms). cH, height (all equations [except the WHO/FAO/UNU equation, 
which uses height in meters] use height in centimeters). dA, age (year). eFFM, fat-free mass (kilograms). fWHO/FAO/UNU, World Health Or-
ganization/Food and Agricultural Organization/United Nations University. gFM, fat mass (kilograms). ePopulation-specific meta-regression 
predictive equation developed by Sabounchi et al.

Table 2. Baseline characteristics of ultra-endurance athletes*

 Men (n=15) Women (n=15)

Age (year) 38.46±5.32 37.13±7.87
Height (cm) 178.27±7.36 162.67±3.72**
Body mass (kg) 73.01±7.38 56.46±4.07**
Body fat (%) 13.16±3.89 19.64±3.14**
Fat-free mass (kg) 63.36±6.39 45.31±2.78**
Fat mass (kg) 9.65±2.99 11.15±2.29
Duration of training,  16.33±1.95 15.41±0.73
   hours/week 
Maximum oxygen 59.78±7.77 51.18±5.09**
   consumption (VO2max), 
   mL/min/kg

* Mean ± standard deviation. **p<0.05
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According to the regression analysis of the bias 
(measured vs. predicted) for female ultra-endurance 
athletes, the variances ranged from a SEE= 303.12 
kcal/day (Harris Benedict equation) to a SEE= 351.53 
kcal/day (WHO/FAO/UNU equation [calculated 
with BM]), accounting for 26.6% and 1.3% of the 
variance, respectively. The Mifflin-St. Jeor equation 
presented the most accurate predictive equation in all 
used RMR predictions with the lowest RMSPE val-

ue of 388.34 kcal and had good reliability with ICC 
of 0.75, whereas the Structure 11 equation (with the 
highest RMSPE value [707.93 kcals], ICC of 0.11) 
had the worst performance in predicting the RMRs of 
female ultra-endurance athletes. 

The results of the Bland-Altman plot analysis of 
each predictive equation for male and female ultra-
endurance athletes are presented in Figures 1 and 2, 
respectively. A positive value indicates that the pre-

Table 3. Comparison of measured and predicted RMRs in ultra-endurance athletes*

 Men (n=15) Women (n=15)
 RMR Mean difference RMR Mean difference

RMRa measured 2041.60±301.03  1788.20±340.96 
Harris Benedict  1700.96±120.78 340.64±283.04** 1322.40±81.84 465.88±311.95**
Mifflin-St.Jeor 2038.56±125.56 3.04±285.51 1602.63±59.49 185.57±353.10
Cunningham 1893.92±140.61 147.68±283.04 1496.89±61.23 291.31±332.75**
WHO/FAO/UNUb 1725.95±85.57 315.65±275.33** 1321.92±36.97 466.28±330.41**

   (calculated with BMc and Hd)
WHO/FAO/UNU 1754.57±84.24 287.03±275.82** 1388.10±41.41 400.10±348.12**
   (calculated with BM)
Wang 1733.66±157.23 307.94±285.45** 1289.71±68.47 498.49±332.51**
Structure 4e 1743.94±137.31 297.66±279.10** 1363.75±62.30 424.45±331.06**
Structure 5e 1662.49±116.96 379.11±281.69** 1383.80±55.95 404.40±333.02**
Structure 11e 1738.70±89.06 302.90±277.89** 1158.41±29.79 629.79±334.65**

*Mean±standard deviation. **p<0.05. aRMR, resting metabolic rate in kcal/day. bWHO/FAO/UNU, World Health Organization/Food and 
Agricultural Organization/United Nations University. cBM, body mass (kilograms). dH, height (centimeters).ePopulation-specific meta-re-
gression predictive equation developed by Sabounchi et al.

Table 4. Percentage of ultra-endurance athletes whose RMR was accurate, overpredicted, or underpredicted as per predictive equa-
tion*

Equation Men (n=15) Women (n=15)
 Accuratea Overpredictedb Underpredictedc Accuratea Overpredictedb Underpredictedc

Harris Benedict 20.00 6.67 73.33 13.33  0.00 86.67
Mifflin-St.Jeor 46.67 26.66 26.66 53.33 13.33 33.34
Cunningham 46.67 33.34 20.00 20.00 13.33 66.67
WHO/FAO/UNUd  20.00 6.66 73.34 13.33 0.00 86.67
   (calculated with BMe and f g) 
WHO/FAO/UNU 20.00 6.66 73.34 26.66 0.00 73.34
   (calculated with BM)
Wang 26.67 6.66 66.7 13.33 0.00 86.67
Structure 4g 26.67 6.66 66.7 20.00 0.00 80.00
Structure 5 g 13.34 6.66 80.00 26.66 0.00 73.34
Structure 11g 20.00 6.67 73.33 6.66 0.00 93.34

*For each equation, data are expressed as percent of the total sample. Each row sums to 100%. aAccurately predicted resting metabolic rate 
falls within ±10% of the value obtained from measured RMR. bOverpredicted resting metabolic rate is ≥10% of the value obtained from 
measured RMR. cUnderpredicted resting metabolic rate is ≤ -10% of the value obtained from measured RMR. dWHO/FAO/UNU, World 
Health Organization/Food and Agricultural Organization/United Nations University. eBM, body mass (kilograms). fH, height(centimeters). 
gPopulation-specific meta-regression predictive equation developed by Sabounchi et al.
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dicted RMR were greater than the measured RMR. 
All predictive equations were tested for each individ-
ual bias value near or exceeding the ±2 SD limits of 
agreement. The relationship between average and bias 
of measured and predicted RMRs were statistically 
significant for all predictive equations in men (Harris-
Benedict, r=0.345; Mifflin-St. Jeor, r=0.329; Cunning-

ham, r=0.358; WHO/FAO/UNU [calculating with 
BM and H]; r=0.430, WHO/FAO/UNU [calculating 
with BM alone], r=0.427; Wang, r=0.358; Structure 4, 
r=0.382; Structure 5, r=0.368; Structure 11, r=0.398), 
and significant for all predictive equation in women 
(Harris-Benedict, r=0.516; Mifflin-St. Jeor, r=0.121; 
Cunningham, r=0.222; WHO/FAO/UNU [calculat-

Figure 1. Solid line represents bias between measured and predicted RMR (kcal/day). Dashed lines represent ±1.96 SD of bias.
aWHO/FAO/UNU, World Health Organization/Food and Agricultural Organization/United Nations University (calculated with 
body mass [kg] and height [m]). bWHO/FAO/UNU, World Health Organization/Food and Agricultural Organization/United Na-
tions University (calculated with body mass alone [kg]). *p<0.05. 

Figure 2. Solid line represents bias between measured and predicted RMR (kcal/day). Dashed lines represent ±1.96 SD of bias. 
aWHO/FAO/UNU, World Health Organization/Food and Agricultural Organization/United Nations University (calculated with 
body mass [kg] and height [m]). bWHO/FAO/UNU, World Health Organization/Food and Agricultural Organization/United Na-
tions University (calculated with body mass [kg]). *p<0.05.
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ing with BM and H]; r=0.114; WHO/FAO/UNU 
[calculating with BM alone], r=0.335; Wang, r=0.222; 
Structure 4, r=0.248; Structure 5, r=0.212; Structure 
11, r=0.254). 

Discussion

The physiology and training loads of men and 
women significantly differ from each other, therefore 
physiological evaluation criteria and formulations also 
differ according to sexes, for instance, an equation 
would be suitable for men while the same equation is 
not suitable for women. Therefore, the purposes of this 
study were to evaluate the accuracy of nine commonly 
used RMR predictive equations in a sample of ultra-
endurance athletes and identify the differences in the 
accuracy of predictive equations between sexes. 

In the last position stand on nutrition and physi-
cal activity conducted by the ACSM (4), sufficient en-
ergy intake for athletes was described as a cornerstone, 
and the use of the Cunningham and Harris-Benedict 
equations is recommended to predict RMR in athletic 
population. But, this recommendation was generalized 
for all athletic population, not specialized for any spe-
cific population. As all sports branches have required 
specific abilities and training conditions, the energy 
metabolism of athletes could be affected and changed 
according to sports type. Several studies emphasized 
that the Cunningham equation was recommended to 
be used for RMR prediction in athletes (15-17), while 
others reported that the equation underestimated the 
actual RMR (18, 19). The study found that Mifflin-St. 
Jeor (9) and Cunningham (11) equations for men and 
Mifflin-St. Jeor (9) equation for women had greater ac-
curacy and predicted measured RMR within acceptable 
values in ultra-endurance athletes.  The Harris-Benedict 
equation did not accurately predict measured RMR in 
both male (RMSPE, 436.81 kcal/day; R2, 11.9%) and 
female (RMSPE, 554.86 kcal/day; R2, 26.6%) ultra-
endurance athletes in agreement with Jagim et al (16). 

The Cunningham equation had good perfor-
mance (RMSPE, 310.77 kcal/day; 44.5% of the vari-
ance; accuracy, 46.67% of the athletes, mean difference, 
147.68±283.04 [p>0.05]) in male ultra-endurance ath-
letes in this study, consistant with De Lorenzo et al 

(20). De Lorenzo et al (20) found that the Cunning-
ham equation had the best performance in predicting 
RMR in 51 male athletes (12 judo, 22 water polo, 17 
karate), accounting for 77% of the variance. However, 
even though the RMSPE of the Cunningham equa-
tion was low (433.82 kcal/day) compared with those 
of other equations except the Mifflin-St. Jeor equa-
tion and good based on the variance (68.4%) in fe-
male ultra-endurance athletes, the mean difference be-
tween measured and predicted values was statistically 
significant (291.31±332.75, p<0.05), and values were 
accurate in only 20.0% and underpredicted in 66.7% 
of the athletes in this study. As a result, the Cunning-
ham equation accurately predicted RMR only in male 
ultra-endurance athletes. 

It is known that pathophysiology of ultra-en-
durance athletes are complicated, and compared to all 
sports, even other endurance sports, could be defined 
as one of the most challenging conditions of training 
durations and race distances compared to all sports, 
even other endurance sports .These conditions could 
be reflected to their performance-related measure-
ments like resting metabolic rate. Tthe Mifflin-St. Jeor 
equation was found to be the most accurate predic-
tive equation in both male and female ultra-endurance 
athletes with the lowest RMSPE value of 275.85 and 
388.34 kcal/day, predicted accurately in 46.6% and 
53.3% of subjects, accounting for 52.4% and 88.7% of 
the variance in this study, respectively. Furthermore, 
the mean difference between measured and Mifflin-St. 
Jeor equation values was not significant for both sexes 
(3.04±285.51 kcal/day for men and 185.57±353.10 
kcal/day for women). These results indicated that the 
Mifflin-St. Jeor equation could be used to predict RMR 
in both male and female ultra-endurance athletes. In 
contrast, Thompson and Manore (15) conducted a 
study on 37 endurance athletes (24 male, 13 female) 
and demonstrated that the Cunningham equation was 
the only predictive equation with accurate RMRs in 
both male and female endurance athletes, while the 
Mifflin-St. Jeor equation had underpredicted RMRs 
of endurance athletes. These results indicated that rest-
ing metabolic rate could be also varied between en-
durance and ultra-endurance athletes, therefore, this 
result should be considered in predicting the resting 
metabolic rate.
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Although, in some cases, the mean difference 
between measured vs. predicted RMR was not sta-
tistically significant, the underestimation or overesti-
mation of energy intake could be important and af-
fect athletes’ performance (21). The importance could 
be varied according to sex, types of sports (especially 
weight-dependent and weight-bearing sports), and 
periodization of training (season/off-season) (22). For 
instance, although the Mifflin-St. Jeor was found to 
be the best predicted RMR equation in women, the 
actual RMR is overestimated by 185 kcal/day, and it 
affects the total energy expenditure (TEE) by approxi-
mately 333-425.5 kcal/day as physical activity (PA) 
level (which was calculated as RMR*PA, PA coeffi-
cient is 1.6-2.4 in highly trained athletes) (10). The 
overestimation of total energy expenditure could have 
a negative impact on the nutrition program, which is 
regulated by total energy requirements, therefore more 
energy consumption might negatively affect sport per-
formance (18). 

Several factors had effects on RMR, especially in 
highly trained athletes. Although the Harris-Benedict 
equation (8) takes account of several body components 
such as body mass, height, and age, which have been 
proved to affect RMR, multiple studies investigated a 
significant relationship between FFM and measured 
RMR (11-13). Either FFM or both FM and FFM 
were utilized in predictive equations developed by 
Cunningham et al. (11), Wang et al (12), and Sab-
ounchi et al (in Structures 4, 5, and 11) (13). These 
studies demonstrated that, since free fat is more active 
than adipose tissue and the best correlated component 
of RMR, FFM had more influence on energy require-
ments and could be used as a single predictor in esti-
mating RMR (23-25). In contrast, Carlsohn et al. (18) 
conducted a study on 17 heavyweight endurance ath-
letes and verified Cunningham and Harris-Benedict 
equations for use in the athletes and found that they 
had remarkable FFM (81.0±8 kg for men and 56.1±7.0 
kg for women) and measured RMR (2675±526 kcal/
day for men and 1577±253 kcal/day for women) and 
demonstrated that predictive equations underesti-
mated the measured RMR in athletes with high FFM. 
Similarly, all equations that calculated RMR using 
FFM or both FFM and FM, with the exception of the 
Cunningham equations in men, underpredicted RMR 

in both male and female ultra-endurance athletes (un-
derestimation percentage between 66.7% and 80% for 
men and between 66.67% and 93.34% for women) 
in the study. The difference between studies might 
be caused by study population characteristics, differ-
ences in measurements of FFM (via MF-BIA, DXA, 
or skinfold measurements), or differences in thermic 
effect of activity (TEA) that could be approximately 
50% of TEE in elite endurance athletes (4).

The strengths of this study include actual meas-
urement of RMR using the validated breath using the 
breath gas analyzer (COSMED K5 metabolic chart), 
and according to our knowledge, this is the first study 
investigating which predicted RMR equations could 
be used in both triathletes and ultra-marathoners. On 
the other hand, it should be emphasized that the sam-
ple size of the pilot study did not sufficient to generate 
a new predictive equation for ultra-endurance athletes, 
therefore our study provides the framework for future 
studies to generate a specific RMR equation for ultra-
endurance athletes. Another limitation is that meta-
bolic blood parameters such as thyroid hormones are 
not examined in this study. These factors, which may 
potentially have an effect on resting metabolic rate, 
could be determined in further studies.

In conclusion; the results of this study suggest 
that the Mifflin-St. Jeor and Cunningham equations 
for men and the Mifflin-St. Jeor equation for women 
remain the most accurate predictive equations in ultra-
endurance athletes. Despite these findings, the bias 
measured vs. predicted RMR from 147.68±283.04 
kcal/day (Cunningham) for men and 185.57±353 kcal/
day (Mifflin-St. Jeor) for women could be considered 
when determining dietary requirements based on en-
ergy needs. Our study is a kind of pilot study and the 
findings are encouraging, and until future investiga-
tions validate or generate a new predictive RMR equa-
tion with a larger cohort of ultra-endurance athletes, 
the findings of this study could be used when predict-
ing RMR in ultra-endurance athletes. 
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Summary: Aim: The aim of this study was to determine the prevalence and associated factors of obesity and 
being overweight in 3-5 year-old children attending public kindergarten and develop healthy lifestyle be-
haviour by applying supportive healthy lifestyle approaches to families with overweight or obese children.  
Method: The study was composed of two parts: cross-sectional and interventional. The population for the 
cross-sectional part was 191 children aged between 3-5 and registered to kindergarten, along with and their 
families. The intervention group accounts for 23 mothers of overweight or obese children diagnosed in the 
cross-sectional part. Interventions contain counselling interviews, brochures, and letter deliveries showing 
the weights of their children. Data before and after the intervention were compared. Results: The prevalence 
of being overweight or obese was 27.2%. It was found out that being overweight or obese was associated 
with the children’s sex (p=0.034), the mothers’ educational status (p=0.043) as well as the children’s break-
fast habits (p=0.009). Following the intervention, positive results were acquired relating to the children’s 
weight outcomes, their daily average TV, DVD watching duration, and parental behaviour regarding nutri-
tion (p<0.05). Conclusion: It was shown that family-based approaches aiming at the development of healthy 
lifestyle behaviour in children are effective in preventing and treating obesity.
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O r i g i n a l  a r t i c l e s

Introduction 
 

Childhood obesity with a progressively increasing 
frequency in recent years is one of the most important 
reasons of chronic childhood disease in both developed 
and developing countries (1). Obesity is seen in every 
age group and mostly observed in the first years of life, 
between 5-6 years of age and puberty period due to 
rapid fat storage. It is known that obesity commencing 
before the age of 5 and after 15 has more hazardous 
effects up to adulthood (2). It is not possible to clarify 
the increase in childhood obesity seen worldwide with 
only alterations in the genetic structure. Therefore, it is 
approved that the role of environmental factors are of 
major priority in the formation of obesity (3). 

Childhood obesity poses an important risk for 
adulthood obesity, on the other hand, it is also risky for 
many severe chronic diseases leading to early deaths 
and long term morbidity (1). Obesity in children also 
induces a substantial decrease in the quality of life, 
social exclusion, loss of self confidence, reduction in 
school success, avoidance of peer relations, and even 
depression and anxiety (4,5). Also, early childhood is 
particularly important in terms of positive life behav-
iour acquisition that will continue in the future. There-
fore, protection from obesity should proceed from the 
perinatal period through the entire life span (6). 

Families and especially mothers play a very im-
portant role in being an exemplar for their children in 
the pre-school period. Owing to cultural features in 
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our country, mothers are primarily responsible for the 
care of pre-school children. Accordingly, family sup-
port should be provided for the adoption of healthy 
lifestyles and effective attempts aiming at the preven-
tion of obesity (7). While there are studies in many 
countries that indicate the effect of family-centered at-
tempts intending for the acquisition of healthy lifestyle 
behaviour in pre-school children, there are no studies 
regarding the issue in question in Turkey (8–13).

The aim of this study is to determine the preva-
lence and associated factors of obesity and being over-
weight in 3-5 year-old children attending public kin-
dergarten in 2014-2015 education period in Balçova, 
Izmir and develop healthy lifestyle behaviour by ap-
plying supportive healthy lifestyle approaches to the 
families of overweight or obese children and evaluate 
results of the approaches in question.

Methods

Subjects and setting

The study was composed of two parts. The first 
part was a cross-sectional study and the second was in-
terventional. A total of 191 children aged 3-5 and reg-
istered to a public kindergarden in Balçova during the 
education term of 2014-2015, along with their fami-
lies accounted for the population of the cross-sectional 
study. It was aimed to reach the whole population. 

The interventional group was composed of 52 
mothers of children aged between 3-5 who were either 
overweight or diagnosed as obese as a result of the cross-
sectional research. No control group was involved in the 
study, the data before and after the intervention were 
compared in the same group. In overweight or obese 
children, one-sided decrease in BMI was predicted to 
be at medium-level and by taking effect-size as 0.50, it 
was estimated that at least 50 mothers with 80% power 
should be involved in the interventional group (14). 

Ethics committee approval was obtained on the 
date of 24.07.2014 and 2014/25-15 numbered deci-
sion of Dokuz Eylul University Non-Invasive Clinical 
Research Ethics Committee.  
Data collection 

Cross-sectional part

Weight and height measurements of 191 children in 
kindergarden were carried out by a researcher in Oc-
tober and overweight and obese children were de-
termined. In addition, data collection forms and in-
formed consent forms were sent to the families prior 
to the intervention, and at first; mother, or father in 
the absence of mother, or in the absence of parents; the 
person responsible for the care of the child was asked 
to fill in the forms. Families who did not return the 
forms were called and the forms were sent again. In 
conclusion, data collection forms of 146 children were 
returned and the attainment rate was 76.4%. 

Interventional part

The mothers of all overweight and obese children 
were called and they were informed about the inter-
ventional part of the research. As a consequence, 23 
out of 52 mothers of overweight or obese children ac-
cepted to take part in the research. Every mother was 
interviewed 4 times in 6 months between November 
2014 and April 2015. Throughout the interventions; 5 
mothers withdrew from it willingly, hence the research 
was completed with 18 mothers (34.6%). Post-inter-
vention data collection forms were also filled in by the 
mothers who took part in the last interviews in April. 
Weight and height measurements of all children were 
taken by the same researcher in the last week of April. 
The flow chart of the research is shown in Figure 1.

Variables of the study

Cross-sectional part

The dependent variable was the condition of a 
child being overweight or obese. Independent vari-
ables were age and sex of children, a chronic disease 
or condition of the child, mother’s age, mother’s BMI, 
parents’ marital status, mother’s working condition, 
educational level of parents, father’s occupation, in-
come perception, presence of an individual room for 
the child, having a personal computer/tablet pc, chil-
dren’s TV, DVD, and computer usage duration, nutri-
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tional behaviours of children, parents’ behaviours relat-
ed to; physical activity, screened devices, and nutrition.

Interventional part

Result variables were children’s BMI percentile 
value and BMI z score, children’s TV, DVD watching 
and computer using duration, their nutritional behav-
iours, and parents’ behaviours related to physical activ-
ity, screened devices and nutrition. 

Measures

Children’s BMI percentile value, BMI z score and BMI of 
mothers

Weight and height measurements were obtained 
using standardised techniques before and after inter-
vention. BMI percentile values and BMI z scores of 
weight and height measurements of children were 
calculated by using WHO Antro Version 3.2.2 pro-
gramme; overweight and obese children were identi-
fied (15). While research findings were being present-
ed, evaluations were carried out according to the BMI 
percentiles being utilized. 

Weight and height values of mothers were reg-
istered according to their statements, and their BMI 

Figure 1. The flow chart of the research
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(kg/m2) was calculated. The BMI groups of mothers 
were determined based on WHO BMI categorization 
(16). 

TV, DVD watching and computer usage durations of chil-
dren

TV, DVD watching and computer usage dura-
tions of children were examined for 24 hours during 
weekdays and weekends before and after intervention. 
They were registered in the form of minutes. Duration 
spared for weekdays were multiplied by 5 and week-
ends by 2 and the obtained value was divided by 7. The 
acquired daily average TV, DVD watching and com-
puter usage duration was thus determined. 

Nutritional behaviours of children

Children’s attitudes regarding having breakfast, 
lunch, dinner, the frequency of snacking and picky eat-
ing habits were collected. 

Parental behaviours associated with healthy lifestyles

A total of 20 questions were compiled from the 
literature. Four of these questions were regarding the 
facilitation of physical activity of children. We exam-
ined families with various parental behaviours associ-
ated with physical activity, before and after interven-
tion. Twelve of these questions were regarding parental 
behaviours concerning nutrition, while 4 questions 
probed parental behaviours related to screened devices 
(7,9,11–13).

Components of the Intervention

Health communication intervention

A total of four brochures promoting healthy diet and 
active life were prepared to be given at every interview. 
The aim of this intervention was to increase mothers’ 
awareness of healthy life behaviours and confront the 
notion that fat children are healthy. Each brochure ad-
dressed a different issue: ‘‘What is obesity?’’, ‘‘Healthy 
eating and healthy diet examples’’, ‘‘Active life and ex-

ercise examples for little children’’ and ‘‘Monitoring 
sceen time’’.  The focus was to create a parallel between 
the content of the brochures and the issue involved. 

Disclosing children’s height, weight and BMI

Letters dwelling on their children’s percentiles 
were given to mothers, while discussing how weight, 
height and BMI measurements were going to be in-
terpreted. The letters were presented to the mothers 
in the first interview and were evaluated together with 
the researcher.

Healthy life counselling interviews

Interviews were conducted with mothers, on a 
face-to-face basis, who agreed to participate in the 
study four times in total between November 2014 and 
April 2015 during 6 months. Solutions were recom-
mended to mothers with regard to the problems deter-
mined specifically for their child, and established a set 
of targets to be completed prior to the next interview. 
In the first interview; recommendations were made on 
healthy diet and healthy diet preparation and healthy 
diet examples were presented. In the second interview; 
recommendations for active life and exercise for little 
children were provided. The third interview addressed 
time control issues for technological devices such as 
TVs, computers, tablet computers, and cell phones. 
In the last interview, an overall evaluation of the prior 
three interviews was carried out while respective feed-
back was recorded. 

Statistical Analysis

For the cross-sectional study, chi-square and 
Fisher’s exact tests were used for categorical variables 
in the comparison of overweight or obese and non-
obese children. For continuous variables, independent-
sample t test were utilized. Logistic regression analy-
sis was carried out by forming a model with variables 
such as “child’s frequency of having breakfast”, “child’s 
daily average TV, DVD watching duration” which were 
found significant in the univariate analyses. In addition, 
variables established as crucial in the literature such as 



D. Oztoprak Hacioglu, H. Simsek38

“child’s sex”, “mother’s education level and employment 
status”, “income perception” were also included. 

In the interventional study; McNemar tests were 
used with the categorical variables to assess the amount 
of change that occurred before and after the interven-
tion. For continuous variables, Wilcoxon signed rank 
test was utilized. In addition, results were re-evaluated 
by performing intention-to-treat analysis in order to 
minimize the influence of those who withdrew from 
the research.

Results

Cross-sectional part

Weight and height measurements of all children 
(n=191) in kindergarten were carried out, in order to es-
tablish the prevalence of being overweight and obese. Of 
the 191 families who were sent forms, 146 (76.4%) fami-
lies responded, thus accounting for the sample size used 
in this study (n=146).There was no significant difference 
between the children of families responding to the ques-
tionnaire, as opposed to non-respondence in terms of the 
children’s sex, age group and BMI group (p>0.05).

Regardless of percentile curves and z scores, the 
prevalence of being overweight or obese was 27.2% in 
total. In children whose data collection forms were re-
turned (n=146), the prevalence of being overweight or 
obese was 29.5% in total regardless of their percentile 
curves and z score. 

The average age of the children was 3.9 ± 0.8 with 
56% of them being female. 87% of the children had 
a private room and one third of them had personal/
tablet computers. Prevelance of chronic disease in the 
children were 4% (n=6). When families’ characteristics 
were examined, more than one third of mothers and 
80% of fathers were university graduates or had mas-
ter/doctoral degrees. The percentage of mothers and 
fathers who were married and living together was 96%. 
The average age of mothers was 33.4 ±5.1, while 40% 
of them were employed. One in every three was over-
weight, obese or morbidly obese  (Table 1). 

The variables that were not associated to a large 
extent with the children being overweight or obese 
(p>0.05) included the children’s sex, age, family fea-

tures, and whether they had a private room, a com-
puter/tablet computer, and chronic diseases.

In overweight or obese children, daily average 
TV, DVD watching duration was significantly higher 
than those without overweight or obese conditions 
(p=0.033), and this difference was due to a distinc-
tion in their weekday TV or DVD watching duration 
(p=0.029). There was no significant difference between 

Table 1. Characteristics of the families

Characteristics (n=146) n %

Educational level of mother
Elementary school 24 16.4

High school 67 45.9

University or master/doctorate degrees 55 37.7

Educational level of father
Elementary school 30 20.6

High school 56 38.3

University or master/doctorate degrees 60 41.1

Marital status of parents (n=145)*
Mothers and fathers were married and lived together 140 95.9

Mothers and fathers were divorced 6 4.1

Working condition of mother  
Employed 58 39.7

Unemployed 88 60.3

Father’s job (n=145)*
Unemployed 2 1.4

Blue-collar worker 49 33.8

White-collar worker 49 33.8

Artificer 42 28.9

Agricultural worker 2 1.4

Retired 1 0.7

Income perception
Very good 1 0.7

Good 41 28.1

Middle 101 69.2

Bad 3 2.0

Mother’s BMI group
Weak 5 3.4

Normal 94 64.4

Overweight 37 25.3

Obese/ Morbidly obese 10 6.9

*One of the fathers was dead.
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overweight or obese children and those who were not, 
in terms of their daily average computer/tablet com-
puter usage duration (p=0.805).

When nutritional behaviours were analyzed, 
the frequency of being overweight or obese was sig-
nificantly low in children having daily breakfast, com-
pared to those who were not (p=0.007). Having lunch, 
dinner, the frequency of snacking and picky eating 
habits were not associated with being overweight or 
obese (p>0.05).  

Parental behaviours related to physical activity, 
screened devices and nutrition were not associated 
with being overweight or obese (p>0.05).

Logistic regression analysis was performed by 
forming a model with variables such as “child’s fre-
quency of having breakfast”, “child’s daily average TV, 
DVD watching duration” that were found significant 
in the univariate analyses. In addition, variables “child’s 
sex”, “mother’s education level and employment sta-
tus”, “income perception” were found crucial according 
to the literature. The risk of being overweight or obese 

were 2.4 times more in boys compared to that of girls 
(p=0.034, 95% CI=1.1-5.3). It was discovered that the 
risk of being overweight or obese was 2.5 times more 
in children of mothers with high school or lower edu-
cation level compared to those with university or mas-
ter/doctorate degrees (p=0.043, 95% CI=1.1-6.1); the 
risk involved was 7.9 times higher in children with no 
breakfast habits or those with rare breakfast consump-
tion (p=0.009, 95% CI=1.7-36.6) (Table 2).

Interventional part

18 mothers of 23 overweight or obese children 
agreed to participate in the interventional research. 
The characteristics of mothers who agreed to be in-
volved (n=23) and who did not agree to take part in the 
interventional study (n=20) were compared. Obesity 
and unemployment frequency of mothers who agreed 
to join the research compared to those who did not 
participate were found significantly higher (respec-
tively p=0.037, p=0.023). 

Table 2. Risk factors associated with being overweight and obese in children

Characteristics (n=146) OR %95 CI p

Sex
Female 1.0

Male 2.4 1.1-5.3 0.034

Educational level of mother
University or master/doctorate degrees 1.0

High school or lower education level 2.5 1.1-6.1 0.043

Working condition of mother
Unemployed 1.0

Employed 2.2 0.9-4.9 0.067

Income perception
Very good, good 1.0

Middle, bad 0.5 0.2-1.2 0.129

Children’s frequency of having breakfast
Every day 1.0

Never or sometimes 7.9 1.7-36.6 0.009

Children’s daily average TV, DVD watching duration 1.0 0.9-1.0 0.163

Constant: B= -2.460    p<0.001   Exp(B)=0.085   

Model: Sex, educational level of mother, working condition of mother, income perception, children’s frequency of having breakfast, children’s 
daily average TV, DVD watching duration
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Of the children in the interventional group, 39% 
were girls, and 61% were boys. The average age of chil-
dren was 3.9±0.6 and their median age was 4.0. Mean 
and median percentile values of children reduced sig-
nificantly in the post-intervention, compared to values 
prior to intervention (p=0.026). When the results were 
re-assessed by performing intention-to-treat analysis, 
significance continued (p<0.05).

Children’s daily TV, DVD watching duration 
decreased significantly in the post-intervention com-
pared to that of pre-intervention (p=0.010), and this 
decrease was due to the reduction of watching dura-
tion over the weekend  (p=0.002). When the results 
were re-assessed by performing intention-to-treat 
analysis, significance continued (respectively, p=0.016 
and p=0.002) (Table 4). 

No significant difference was determined in 
terms of the children’s nutritional behaviours, and 
parental behaviours related to physical activity and 
screened device usage before and after the interven-
tion (p>0.05). Among the nutritional behaviours 
of parents, ‘giving permission to consume fast food 
(hamburger, pizza, fried potatoes etc)’ and ‘frequency 
of rewarding children with foods and beverages such 
as dessert, chocolate, coke’ decreased significantly 
after intervention compared to pre-intervention (re-
spectively, p=0.031 and p=0.016). When the results 
were re-evaluated by performing intention-to-treat 
analysis, significance continued (respectively, p=0.031 
and p=0.016) (Table 5).

Discussion

Cross-sectional part

In all children (n=191) whose measurements were 
taken, the prevalence of being overweight or obese was 
identified as 27.2%. In boys, the risk of being over-
weight or obese was determined to ocur 2.4 times more 
frequently when compared to girls. Similar to the re-
sults of this research, Turkey Nutrition and Health Re-
search established the prevalence of being overweight 
or obese as 26.4% in the 0-5 age group, boys being 
higher than girls (17). The higher frequency of obesity 
and being overweight in boys may be attributed to the 
differences in weight perception and intersexual care 
in society. In the local studies carried out in Turkey, 
the prevalence of being overweight or obese changed 
between 9-55% in pre-school children (18–29). Since 
the majority of these studies were conducted in very 
small groups, they would not be representative of the 
general Turkish population. 

The risk of being overweight and obese was found 
to be 2.5 times higher in children of mothers with high 
school or lower education levels, compared to those with 
university or master/doctorate degrees. Contrary to the 
outcomes of the present research, obesity frequency 
was determined to increase in children under the age 
of 5, when mothers’ education level and the families’ in-
come increases, according to Turkey Demographic and 
Health Survey (TDHS-2013) (30). In addition, global 
research indicates that the risk of being overweight or 
obese in pre-school children all over the world is more 

Table 3. Differences in children’s measurements before and after the intervention

 Intention to treat

  n Before After p* n Before After p*

Weight of children Mean ±SD 18 23.3±4.0 24.9±4.4 0.001 23 23.2±3.9 25.2±4.5 0.001 
 Median 18 23.3 24.4  23 22.7 24.6 

Height of children Mean ±SD 18 112.2±7.2 116.7±7.2 0.001 23 112.1±6.8 117.1±6.6 0.001 
 Median 18 112.5 117.0  23 112.0 117.5 

BMI percentiles  Mean ±SD 18 94.3±4.7 91.4±9.8 0.026 23 94.2±4.8 90.9±10.1 0.021 
 Median 18 96.5 95.1  23 96.3 95.1 

BMI z scores Mean ±SD 18 1.9±0.9 1.8±1.0 0.061 23 1.9±0.9 1.8±1.1 0.127 
 Median 18 1.8 1.7  23 1.8 1.7

* Wilcoxon signed rank test was used.
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frequently seen in developed countries compared to de-
veloping ones (31). The discrepancy between global re-
search and our present findings may be due to the nature 
of our sample with regards to income. 

In the logistic regression analysis, the link between 
the children’s average daily TV, DVD watching dura-
tion and them being overweight or obese lost its signifi-
cance. In a study conducted by Demir, the frequency of 
being overweight or obese was determined to increase 
2.2 times in children watching TV for a long duration, 
compared to those who were not (26). In international 
studies, spending time in front of devices such as TVs 
and computers was also indicated to have a correlation 
with being overweight and obese in pre-school chil-
dren (32–34). Today, it has become prevalent to accept 
“spending time in front of a screen” as an indicator of a 
kind of sedentary life activity (35,36). 

The risk of being overweight and obese was es-
tablished to be 7.9 times more in children never or 
sometimes having breakfast, compared to those hav-

ing breakfast regularly. International studies indicate 
that there was a relation between eating regularly and 
weight control. The risk of being overweight or obese 
was significantly higher especially in children miss-
ing breakfast, supporting the findings of this study 
(37–40). No significant relationship was found be-
tween parents’ behaviours regarding physical activity, 
time spent with screened devices, dietary habits or 
the children being overweight and obese. Discrepan-
cies between global findings and the present research 
may be a result of participants unable to evaluate their 
own behaviours objectively, which could give rise to 
high positive behaviour frequencies in all children. In 
this study, 76% of families think that they are a good 
role model for their children. Families’ perception re-
garding their children’s weight is mostly inadequate. 
This inability for objectivity may be preventing them 
to evaluate their own behaviours. In systematic re-
views, the behaviours of families were closely related 
to children’s healthy life behaviours and weight. It was 

Table 4. Differences in children’s daily average TV, DVD watching and computer usage duration before and after the intervention

      Intention to treat

  n Before After p* n Before After p*

Children’s daily average TV,  Mean±SD 18 168.2 122.9  23 161.8 126.4  
DVD watching duration (min)   ±72.1 ±60.7 0.010  ±67.5 ±57.3 0.016

 Median 18 160.7 102.9  23 154.3 102.9 

Weekdays Mean±SD 18 157.2 122.8  23 151.7 124.8  
   ±67.4 ±60.27 0.101  ±63.22 ±56.6 0.101

 Median  18 135.0 120.0  23 120.0 120.0 

Weekend Mean±SD 18 195.6 123.3  23 186.9 130.4  
   ±114.2 ±81.6 0.002  ±105.8 ±78.7 0.002

 Median 18 195.0 120.0  23 180.0 120.0 

Children’s daily average  Mean±SD 18 52.1 43.8  23 49.0 42.5  
omputer usage duration (min)   ±68.8 ±43.2 0.695  ±63.3 ±41.9 0.649

 Median 18 29.3 44.3  23 25.7 42.9 

Weekdays Mean±SD 18 51.7 45.3  23 48.3 43.3 0.952 
   ±75.3 ±44.7 0.952  ±70.37 ±45.6 

 Median 18 25.0 60.0  23 20.0 60.0 

Weekend Mean±SD 18 53.3 40.0  23 50.8 40.4  
   ±62.0 ±46.9 0.282  ±60.1 ±48.2 0.282

 Median 18 40.0 30.0  23 20.0 30.0

* Wilcoxon signed rank test was used.
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Table 5. Differences in parental behaviours related to nutrition before and after the intervention

 n=18     Intention to treat n=23  

 Before After Before After

 n % n % p* n % n % p*

Parental behaviours related to nutrition 

How confident are you that you can offer enough fruit to your child?
   Not confident/No idea 7 38.9 4 22.2  8 34.8 5 21.7 

   Confident/ Very confident 11 61.1 14 77.8 0.250 15 65.2 18 78.3 0.250

How confident are you that you can offer enough vegetable to your child?
   Not confident/No idea 7 38.9 4 22.2  10 43.5 7 30.4 

   Confident/ Very confident 11 61.1 14 77.8 0.250 13 56.5 16 69.6 0.250

How confident are you that you can offer fat-free or low-fat foods to your child? 
   Not confident/No idea 8 44.4 3 16.7  10 43.5 5 21.7 

   Confident/ Very confident 10 55.6 15 83.3 0.125 13 56.5 18 78.3 0.125

How often do you offer fresh fruits and vegetables to your child at meals and for snacks?
   Less than once a day 7 38.9 5 27.8  11 47.8 9 39.1 

   ≥ 1 time / day 11 61.1 13 72.2 0.625 12 52.2 14 60.9 0.625

How often do you offer meat/fish/egg to your child at meals and for snacks?
   Less than once a day 13 72.2 11 61.1  18 78.3 16 69.6 

   ≥ 1 time / day 5 27.8 7 38.9 0.625 5 21.7 7 30.4 0.625

How often do you offer milk and milk products to your child at meals and for snacks?       
   Less than once a day 5 27.8 4 22.2  7 30.4 6 26.1 

   ≥ 1 time / day 13 72.2 14 77.8 1.000 16 69.6 17 73.9 1.000

How often do you offer canned or frozen fruit/ vegetables to your child at meals and for snacks?      
   Never 16 88.9 17 94.4  20 87.0 21 91.3 

   ≥ 1 time / week 2 11.1 1 5.6 1.000 3 13.0 2 8.7 1.000

How often do you give permission to consume fast food (e.g. hamburger, pizza, fried potatoes, etc) to your child?    
   Never 9 50.0 15 83.3  13 56.5 19 82.6 

   ≥ 1 time / week 9 50.0 3 16.7 0.031 10 43.5 4 17.4 0.031

How often do you give permission to consume foods and beverages such as dessert, chips, chocolate, coke to your child?  
   Never 2 11.1 5 27.8  2 8.7 5 21.7 

   ≥ 1 time / week 16 88.9 13 72.2 0.250 21 91.3 18 78.3 0.250

Do you reward your child with foods and beverages such as dessert, chips, chocolate, coke?       
   Never 9 50.0 16 88.9  12 52.2 19 82.6 

   ≥ 1 time / week 9 50.0 2 11.1 0.016 11 47.8 4 17.4 0.016

How often do you eat your meals with all of your family?                              
   Never or Sometimes 7 38.9 9 50.0  9 39.1 11 47.8 

   Every day 11 61.1 9 50.0 0.625 14 60.9 12 52.2 0.625

Do you think that you are a good role model for your children?         
   Yes 11 61.1 14 77.8  16 69.6 19 82.6 

   No 7 38.9 4 22.2 0.250 7 30.4 4 17.4 0.250
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shown that interventions aimed at correcting family 
behaviours through education were effectively reduc-
ing BMI of children (40,41). 

Interventional part

Obesity and unemployment frequencies were 
found significantly higher in mothers who agreed to 
participate in the study, compared to non-participant 
mothers. This difference may be the result of the obese 
mothers being more sensitive to the subject, and the un-
employed mothers having the convenience to partici-
pate due to their lack of occupational time constraints. 

While mean and median percentile values of chil-
dren significantly decreased after intervention compared 
to pre-intervention, no significant reduction was deter-
mined in terms of z score mean and median. In a study 
carried out in 154 children and their families by Da-
vidson et al., although there was no significant change 
in the z score of children after 6 months of family-
centered intervention, obesity prevalence significantly 
reduced (13). In a family-centered interventional study 
performed with 85 children and their families by Bocca 
et al., z score means of children significantly decreased 
at the end of 16 weekends. The results were re-evaluated 
after 12 months, reduction was seen to be more distinct 
(8). In a systematic review where interventions aim-
ing at preventing and treating obesity in children were 
analysed, family-centered and long-term follow-up pro-
grammes were indicated to be more effective (40).

Children’s average daily TV, DVD watching du-
ration decreased significantly after intervention, com-
pared to that of pre-intervention and this decrease was 
due to the reduction in the weekend watching dura-
tion. According to implications obtained from inter-
views, the more children stay at home, the more they 
spend time in front of the TV. Therefore, one of the 
targets determined was to spend more time outdoors 
and actively during the weekends. Most of the families 
tried to implement this target and thus daily average 
TV, DVD watching duration was reduced significantly 
over the weekends. In a study carried out by Davidson 
et al., daily average TV watching duration decreased 
significantly at the end of 6 months (13). In Healthy 
Habits, Happy Homes study, there was no significant 
change in TV watching duration overall and weekdays, 

after 6 months of intervention. However, weekend TV 
watching duration significantly declined (42). 

No significant difference was determined in any 
of the components of parental behaviour concerning 
physical activity before and after the intervention. In 
the interviews, it was established that the place of resi-
dency, the environmental planning, and the season are 
vital. Children living in housing complexes spend more 
time with activities such as riding bicycles and playing 
in playgrounds. Mothers also said that their financial 
situation was also important since many courses are so 
costly. In the literature, family-centered interventions 
have been implied to increase the frequency of physi-
cal activity, and thus account for good changes in the 
weight results (13,43).

In all components of parental behaviours associ-
ated with screened devices, no significant difference was 
identified in post-intervention when compared to pre-
intervention. Although mothers stated that they limited 
the watching duration of TVs and computers, the rate 
of mothers who could set precise limitations was very 
low according to impressions obtained after the inter-
views. Differences in parental attitudes toward their 
children, and the inability of the parents to change their 
inappropriate behaviour, as well as family elders’ differ-
ent behaviours toward their children make obtaining 
positive behaviour difficult for children in general. 

Of the parental behaviours regarding nutrition, 
the frequency with which permission was granted 
for fast-food consumption, as well as the frequency 
of rewarding children with beverages and foods such 
as desserts and chocolates by their mothers decreased 
significantly. In a study carried out by Daniels et al., 
the frequency of parents using foods as reward after 
the intervention decreased (44). During the whole in-
tervention period, “reward concept” in terms of both 
nutrition and other life behaviours was particularly 
emphasized. It was stressed that no harmful food or 
behaviour should be used as a reward. 

One of the most important limitations of this re-
search was the small sample size. The fact that partici-
pant interest was very minimal, may have impacted data 
collection, which was largely subjective apart from the 
weight and height of children, which could have caused 
data collection bias. Only 23 mothers agreed to partici-
pate in the interventional research and 5 of them with-
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drew from the study during intervention for a variety of 
reasons. Although appointments were given according 
to the mothers’ schedules, there were too many cancel-
lations. When interview rhythm was interrupted, and 
duration between two interviews increased, the imple-
mentation of targets was also observed to decline.   

The powerful side of the research was that it was 
the first family-centered interventional research in 
Turkey aimed at development of healthy life behav-
iours for pre-school children. The research was novel in 
a sense that data collection, measurements and inter-
ventions were carried out by the same researcher, thus 
were standardized. Despite the restrictions, having 
positive healthy outcomes within such a small group 
and within such a short period of time, supports the 
idea that family-centered interventions were effective.

Conclusion

One in every three children in the research group 
was determined to be overweight or obese. It was found 
out that the risk of children being overweight or obese 
was associated with their sex, mother’s educational status 
and children’s breakfast habits. Following the interven-
tion, positive results were acquired related to children’s 
weight outcomes, their daily average TV, DVD watch-
ing duration, and some parental behaviours regarding 
nutrition in a short period of time. On the other hand, 
sustainability of these positive health results are impor-
tant and merit further research and follow-up. Individ-
ual efforts do not suffice in maintaining the continuity 
of the research. More importantly, organizations which 
involve schools, families and primary healthcare insti-
tutions should be facilitated. In this context, nutrition-
friendly school projects that include families should be 
promoted. In summary, prevention of childhood obesity 
should be identified as a serious social issue, and tackled 
at a level of domestic policy. 
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Summary. Vitamin D (vitD) deficiency has been found associated with rickets/osteomalacia, autoimmune dis-
eases, cardiovascular system diseases, and infectious diseases. Growing evidence demonstrated that vitD has a 
key role in the renin-angiotensin-aldosterone system. Although there is a strong association between left atrial 
diameter and serum vitD level in adults, there is scarce data in children. Therefore, we aimed to assess the as-
sociation between serum vitD level and left atrial diameter in children. We performed a prospective study with 
97 children in routine control without any complaint. All patients were evaluated for the echocardiographic 
evaluation in the outpatients clinic, and the children were divided into two groups as vitamin D deficiency group 
(vitamin D<20ng/ml) and control group (vitamin D≥20ng/ml). Demographic data, echocardiographic param-
eters, and serum vitD level were analysed. A p-value of <0.05 was considered significant. The study population 
included 97 children, and the prevalence of vitD deficiency was found 46.3%. Although left atrial diameter 
was increased in children with vitD deficiency, there was no significant difference between the two groups with 
regard to left atrial diameters. Left atrial diameter was significantly associated with BMI z-score (r=0.301), 
age (r=0.307)(P<0.001), interventricular septum (r=0.209), weight (r=0.184), vitD (r=0.127). On multivariate 
analysis, BMI z-score was significantly associated with left atrial diameter. BMI z-score is independently associ-
ated with left atrial diameter. Although left atrial diameter was increased in patients with vitD deficiency, serum 
vitamin D level was not found an independently associated with the left atrial diameter.
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Background

Left atrial (LA) diameter has important prognos-
tic information in the adult population as well as in a 
variety of cardiovascular disease such as atrial fibril-
lation, stroke, congestive heart failure, myocardial in-
farction (1). Vitamin D (vitD) has established roles in 
calcium and bone metabolism. Vitamin D deficiency 
was found associated with increased risk of cardiovas-
cular disease, hypertension, obesity, and increased LA 
diameter (2-12). Additionally, there is a strong asso-
ciation between obesity and LA diameter. In the same 
manner, the strong association between obesity and 
LA diameter in children (13,14).

Taking this into account, we aimed to evaluate the 
association between serum vitD level and LA diameter 
in children.

Methods

Patients 
The study population included 45 children with 

vitamin D deficiency (<20ng/ml) and 42 children 
(control group ≥20ng/ml). All children were consecu-
tively recruited from healthy child policlinics. 

The medical records of 97 children were evaluated 
with regard to the association between serum vitD 
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levels and LA diameter. The epidemiological and de-
mographic data including age, gender, weight, height, 
body mass index (BMI) were analysed. The exclusion 
criteria of this study were a history of diabetes, hyper-
tension,  inflammatory disease, malignancy, connective 
tissue disorders or skeletal dysplasia, more than mild 
valvular stenosis or regurgitation,  cardiomyopathy 
and/or ventricular dysfunction.

Anthropometry
Height was measured with a standard wall-

mounted stadiometer to the nearest centimetre, and 
weight was measured with calibrated electronic scales. 
BMI was calculated as weight (kg)/height (m)2. BMI 
z-score, and it’s the corresponding percentile were de-
termined by comparison with U.S growth charts from 
the Centers for Disease Control and Prevention (15).

Echocardiographic evaluation
Echocardiographic evaluations were performed 

with two-dimensional guided M-mode echocardiog-
raphy obtained in the parasternal short and long-axis 
views, in accordance with the recommendations by the 
American Society of Echocardiography (16). 

Left ventricular posterior wall (LVPW) thick-
ness in diastole, interventricular septum (IVS) thick-
ness were obtained by M-mode. Two-dimensional and 
colour Doppler imaging were routinely performed to 
diagnose valvular stenosis or regurgitation and other 
structural defects.

Laboratory studies
Levels of 25-hydroxy (OH) vitD was measured 

following a fasting period of eight hours. Serum 25-
(OH) vitD levels were measured by chemilumines-
cence immunoassay using a Lıaıson analyser (DiaSor-
in Inc). VitD deficiency was defined as serum levels 
of 25-(OH) VitD < 20 ng/ml. The study protocol was 
approved by the local ethics committee.

Statistical analysis
Statistical analysis was performed with the SPSS 

version 20.0 for personal computers (Chicago, IL, 
USA). All continuous variables were tested for normal-
ity. Results were expressed as mean±standarddeviation 
(SD) or as the median. Student T-test or Mann–Whit-

ney U test was used to compare continuous variables 
and chi-square test for categorical variables. Univariate 
logistic regression analyses were conducted to identi-
fy the independent predictors of left atrial diameter. 
Multiple linear regression was undertaken with LA 
diameter entered as dependent variables into separate 
models; independent variables were determined from 
the univariate analysis and entered in a step-wise fash-
ion. A p value<0.05 was considered statistically signifi-
cant in all the calculations.

Results

The study population included 97 children, and 
the prevalence of vitamin D deficiency was found 
46.3%.  The two groups were comparable for age, gen-
der, height, left ventricular ejection fraction, systolic 
and diastolic blood pressure (Table1).

There was a significant difference between two 
groups with regard to weight, LVPW, IVS, LA di-
ameter, and body mass index z-score (39.7±8.7 vs 
30.8±9.1 p<0.001, 6,1±1.3 vs 5.1±0.9 p=0.004, 6.5±1.1 
vs 5.1±1.1 p<0.001, 32.9±3.7 vs 27.7±2.9 p=0.002, 
2.8±0.39 vs 1.4±0.21 p<0.001; respectively)(Table1).

The univariate regression analyses are shown 

Table 1. Characteristics of patients

Patient Characteristics

Serum Vitamin D 
Level

P
<20 ng/ml

(45)
≥20ng/ml

(42)
Age (years) 8.9±3.1 9.1±2.8 0.531

Female gender, % 46 44 0.729

Weight (kg) 39.7±8.7 30.8±9.1 <0.001

Height (cm) 136.4±8.3 134.9±9.1 0.623

BMI z-score 2.8±0.39 1.4±0.21 <0.001

Left atrial diameter (mm) 32.9±3.7 27.7±2,9 0.002

LVPW (mm) 6.1±1.3 5.1±0.9 0.004

IVS (mm) 6.5±1.1 5.1±1.1 <0.001

Ejection fraction (%) 69.8±5.7 68.7±4.9 0.385

SBP (mmHg) 109±9.4 107±8.9 0.728

DBP (mmHg) 56.7±5.8 54.9±5.1 0.683
BMI; body mass index, LVPW; left ventricular posterior wall, 
IVS; interventricular septum, SBP; systolic blood pressure, 
DBP; diastolic blood pressure
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in Table 2. LA diameter was significantly associated 
with BMI z-score (r=0.301, P<0.001), age (r=0.307, 
P<0.001), IVS (r=0.209, P<0.001), weight (r=0.184, 
P<0.001), vitD (r=0.127, P<0.001). On multivariate 
analysis, BMI z-score was significantly associated with 
left atrial diameter (Table 3).

Discussion

In our study, we found that BMI z-score is in-
dependently associated with the left atrial diameter 
in children. Although LA diameters were increased 
in patients with vitD deficiency, serum vitD level was 
not found an independently associated with the LA 
diameter.

LA enlargement is associated with an increased 
risk of cardiovascular diseases including atrial fibril-
lation, stroke, heart failure, and sudden cardiac death 
(1-12). Increased BMI is also associated with several 
cardiovascular diseases (17). In the Framingham Heart 
Study, BMI was found strongly correlate with LA di-
ameter (18). Additionally, Pritchett et al. (19) demon-
strated that BMI was significantly associated with LA 
diameter, after adjustment for age and gender.

In the same manner,  Daniels et al. (20) found 
that BMI was a significant predictor of LA diam-
eter in multiple regression models that incorporated 
height, systolic blood pressure and left ventricular ge-
ometry. Hirschler et al. (21) demonstrated significant 
univariate correlations between the LA area and BMI, 
waist circumference, blood pressure and a measure of 
insulin resistance. In the stepwise multivariate analy-
sis, BMI was not tested but in a model incorporat-
ing waist circumference, blood pressure, LV mass and 
HOMA–IR, waist circumference was the only signifi-
cant independent predictor of LA size. Di Salvo et al. 
(22) have revealed that obese children had larger LA 
dimensions and lower atrial strain rate, suggesting an 
impaired atrial function in this group, in comparison 
with controls. In our study, we found that BMI z-score 
was found independently associated with LA diameter.

VitD regulates inflammatory responses and up-
regulates the expression of anti-inflammatory cy-
tokines, such as interleukin-10, according to in vitro 
experiments. Also, vitD regulates the activity of the 
renin-angiotensin aldosterone system (RAAS). Acti-
vated RAAS can lead to oxidative stress and inflam-
mation, both of which could culminate in AF. It is as-
sumed that tissue angiotensin II may induce apoptosis 
of the cardiomyocytes and contribute to changes in 
atrial structure (23-25).

There is a strong association between vitD and 
LA diameters in adults. But there is scarce data about 
the association between vitD and LA diameters in 
children. In our study, although LA diameters were 
increased in patients with vitD deficiency, serum vitD 
level was not found an independently associated with 
the LA diameter.

Some limitations might be seen in the current 
study. Firstly, the small sample size. Secondly, we did 
not determine the parathyroid hormone and calcium 
levels of the study population. 

In conclusion, consistent with previous studies, we 
found that BMI z-score is independently associated 
with the LA diameter in children. Although LA diam-
eters were increased in patients with vitD deficiency, 
serum vitD level was not found an independently as-
sociated with the LA diameter. Further studies with a 
larger number of children are required to clarify the as-
sociation between serum vitD level and LA diameter.

Table 2. Univariate associations with left atrial diameter

Characteristics Left atrial diameter p

Age (years), 0.307 <0.001

BMI z-score 0.201 <0.001

Weight (kg) 0.184 <0.001

LVPW (mm) 0.138 0.428

IVS (mm) 0.313 <0.001

Vitamin D (ng/ml) 0.127 <0.001
BMI; body mass index, LVPW; left ventricular posterior wall, 
IVS; interventricular septum

Table 3. The relationship between left atrial diameter and age, 
vitamin D, IVS, and BMI z-score by multivariate analysis.
Predictor Variables B(standardized coefficient) p

Age (years) 0.562 <0.001

Vitamin D (ng/ml) 0.037 0.237

IVS (mm) 0.051 0.362

BMI z-score 0.462 <0.001

BMI; body mass index, IVS; interventricular septum
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Summary. Background and aim: This research was carried out as a descriptive study in order to determine the 
status of dietary supplement and dietary habits of physicians working at Erciyes University Faculty of Medi-
cine. Methods: A total of 370 people, 165 women, and 205 men, were included in the study. Data were collected 
by face-to-face interview using questionnaire forms. Results: The ratio of physicians using dietary supplements 
was 7.3%. Use of multivitamin-mineral supplements (51.9%) and daily dietary supplements (40.7%) constituted 
the majority. Maintaining good health was the primary reason for using the dietary supplement. It was found 
that dietary supplement use was more common in middle-aged physicians (51.9%) compared to younger physi-
cians (37.0%) (p < 0.05). Those who used dietary supplement consumed more quantities of dairy products and 
vegetables and fruits compared to those not using the dietary supplement (p< 0.05). Consumption of legumes 
for 2-3 times a week was higher in participants using dietary supplements (66.7% vs. 44.6%, p = 0.029). In the 
group using dietary supplements, the daily consumption of dairy products and vegetables-fruits was higher than 
those who did not use dietary supplements (p < 0.05). Conclusion:  As our knowledge, this is the first research 
determined the using of dietary supplements among physicians in Turkey. Although physicians using dietary 
supplement were found to have better dietary habits than those who did not use, neither user nor non-user phy-
sicians consumed food groups at the recommended frequency and amounts.
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O r i g i n a l  a r t i c l e

Introduction 

Dietary supplements are products with predeter-
mined daily doses in the form of capsules, tablets, pas-
tilles, disposable powder packets, liquid ampoules, drop-
per bottles and other similar liquid or powder forms, 
containing nutrients such as vitamins, minerals, proteins, 
carbohydrates, fibers, fatty acids, amino acids or concen-
trates or extracts of other plants, substances of vegetable 
and animal origin, or bioactive substances with nutrition-
al or physiological effects, used alone or in combination 
with each other to supplement current diet (1). 

An adequate and balanced diet is the most appro-
priate approach to provide sufficient nutrients to our 

bodies. We can meet the energy and nutrient needs of 
our bodies in an adequate and balanced manner by fol-
lowing healthy nutrition recommendations (2). Turkey 
Dietary Guidelines (TDG) (3) contains appropriate 
healthy eating advice appropriate to the conditions of 
our country.

Dietary supplements are used to support vitamins, 
minerals and other nutrients that cannot be taken ad-
equately by the daily diet. Dietary supplement plays an 
important role in the treatment of vitamin and mineral 
deficiencies (2). It is determined that the use of the 
dietary supplement is effective in preventing chronic 
diseases such as cardiovascular diseases, cancers, birth 
defects and infectious diseases (2, 4). However, high 
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doses of dietary supplements due to uncontrolled 
use may cause neurological disorders, gastrointesti-
nal symptoms, liver toxicity, birth defects and drug 
interactions. It has been reported that high doses of 
β-carotene, vitamin E, and folate, in particular, have 
adverse effects (2, 5).

In the United States, it was found that the rate 
of dietary supplement usage has increased over the 
years (excluding pregnancies and infants under 1 year 
of age) and reached 49% over the whole population 
(6). In Australia, 43.2% of individuals over the age of 
18 are using dietary supplements at least once every 
two weeks (7). In the Netherlands, it was found that 
20% of individuals aged 19-91 were using multi-vi-
tamin-mineral supplements every day (8). In Poland, 
the ratio of multi-vitamin mineral use the day before 
was found to be 31% for males and 40% for females 
between the ages of 20-74 (9). In Japan, the use of 
dietary supplements for one week or a year was 11.0% 
for males and 16.4% for females aged 45-74 years 
(10). Based on the results of the European Prospective 
Cancer and Nutrition Survey (EPIC) conducted in 10 
European countries, including Denmark, France, Ger-
many, Greece, Italy, the Netherlands, Norway, Spain, 
Sweden and the United Kingdom, the highest use of 
food supplements within the last 24 hours in individu-
als aged 35-74 were found in Denmark (male: 51.0%, 
female: 65.8%), whereas the lowest use of food supple-
ments was found in Greece (male: 2%, female: 6.7%) 
(11). Turkey Nutrition and Health Survey (TNHS) 
reported that 1.5% of individuals over the age of 12 
years had used multivitamin-mineral supplements in 
the last seven days, the rate of dietary supplement use 
increased with age, and the most common dietary sup-
plement was vitamin B12 (12).

Studying the use of dietary supplement by physi-
cians is interesting for several reasons. 1-Health-relat-
ed habits of physicians significantly affect counseling 
they provide to their patients (13). For this reason, 
the use of dietary supplements by physicians may af-
fect the status of dietary supplement usage of their 
patients, therefore the society. 2- The use of dietary 
supplement has been found to be more prevalent in 
those with higher education levels (6, 14). Since the 
education level of physicians is high, the ratio of di-
etary supplement use among physicians is thought to 

be higher than the society in general (15). 3- There 
are data available on the use of dietary supplements 
by healthcare professionals and physicians (15-18). No 
study on the national or the local level that aimed to 
investigate the use of dietary supplements by physi-
cians in Turkey. Two studies on different topics pro-
vided findings on the use of herbal products and the 
dietary habits of physicians (19,20). This research was 
carried out to determine the dietary supplement usage 
status and dietary habits of physicians working at Er-
ciyes University Faculty of Medicine.

Materials and methods

Study design and sampling
The population of this study consisted of 762 

physicians working at Erciyes University Faculty of 
Medicine in 2015. The results of the study conducted 
on female physicians were taken into consideration in 
determining the sample size (17). The rate of dietary 
supplement use among physicians was taken as 30% 
and the sample size was calculated as 363 with 95% 
confidence level (α = 0.05) and 80% power (β = 0.20). 
A total of 370 individuals, 165 women, and 205 men 
agreed to participate in the study, and written consent 
was obtained from all participants through a voluntary 
consent form. Physicians who were pregnant or lactat-
ing were not included in the study. Approval was ob-
tained from Erciyes University Medical Faculty Clini-
cal Investigations Ethics Committee (Decision No: 
2015/163) to carry out the research.

Data collection
Data was collected via face-to-face interviews 

with questionnaire including questions on certain 
socio-demographic characteristics and dietary habits, 
food frequency questionnaire in the last month, dietary 
supplement usage, reasons for using, frequency, dura-
tion and content of dietary supplement. In this study, 
the use of dietary supplement was determined on the 
basis of the definition given in the Communiqué of 
the Turkish Food Codex on Supplementary Foods in 
accordance with the declaration of the Republic of 
Turkey Ministry of Food, Agriculture and Livestock 
(1). Individuals receiving dietary supplements within 
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the last year were considered to be using regular or ir-
regular a dietary supplement.

As the food frequency questionnaire was per-
formed, consumption amounts were also questioned. 
The daily consumption quantities of the individuals 
who specified a quantity were calculated by to refer-
ence the BeBis software (21). For example, weekly to-
tal consumption of legumes was determined for an in-
dividual stating 50 g legume consumption three times 
a week (150 g), then this value was divided by seven 
and the daily consumption amount (21.4 g/day) was 
calculated.

While determining the status of the food con-
sumption of individuals according to the recom-
mended frequencies, TDG was used as a base. In this 
study, individuals regular consuming dairy products, 
eggs, bread, fruits and vegetables every day; red meat, 
chicken and fish 1-2 times a week; legumes 2-3 times 
a week; rice, pasta, bulgur and pastry etc. 3-4 times a 
week were accepted as consumption according to the 
recommended frequencies (3).

Physicians assessed their nutritional status by 
their own statements as good, moderate, or poor. Body 
weight and height were recorded by questioning the 
current measurements of the participants based on 
their statements. Using the weight and height values, 
body mass index (BMI) values were calculated using 
the formula [weight(kg)/height2(m2)].

Statistical analysis
SPSS 22.0 (Statistical Package for Social Sci-

ences Statistics-SPSS) program was used to analyze 
data obtained in this study. Descriptive findings were 
expressed in numbers and percentages. Chi-square test 
was used to determine the difference between categor-
ical variables. The Shapiro-Wilk test was used to de-
termine whether the data showed normal distribution. 
Independent sample t test and Mann Whitney-U test 
were used to compare two independent groups. The 
significance level was accepted as p < 0.05.

Results
The median age of the physicians included in the 

study was 29.0 (min-max: 23.0-67.0) years, 55.4% of 
the participants were male, 57.0% were married, and 

the median duration of work was 4.0 (min-max: 1.0-
43.0) years. The mean BMI was 26.2 ± 3.0 kg/m2 for 
males and 22.4 ± 2.8 kg/m2 for females (p<0.001). 
11.6% of the physicians were smokers, and 15.1% were 
consuming alcohol.

The ratio of physicians using dietary supplement 
was 7.3% (n = 27). Among these physicians, 44.5% 
were using a dietary supplement for less than one year, 
51.9% (n=14) were using multivitamin supplements, 
and 40.7% were using dietary supplement on a daily 
basis (Table 1). “Maintaining good health” was the 
primary reason for using a dietary supplement (Table 
2). It was determined that dietary supplement usage 
was significantly higher in middle-aged physicians 
(51.9%) compared with younger physicians (37.0%) (p 

Table 1. Physicians’ use, type, duration, and frequency of di-
etary supplement

n %

Use of  dietary supplement

User 27 7.3

Non-User 343 92.7

Total 370 100.0

Duration of work

Less than 1 year 12 44.5

1-10 years 11 40.7

More than 10 years 4 14.8

Type of supplement

Multivitamins-minerals 13 48.2

Omega-3 fatty acid 7 25.9

Protein powder 2 7.4

Chia seed 1 3.7

Group B vitamins and iron 1 3.7

Omega-3 fatty acid and probiotics 1 3.7

Black cumin oil and ginger extract 1 3.7
Multivitamins-minerals, omega-3 fatty 
acid, protein powder

1 3.7

Frequency

Every day 11 40.7

Once every two days 1 3.7

Once a week 5 18.5

Once every fifteen days 1 3.7

Once a month 2 7.4

In certain periods (irregular) 7 26.0

Total 27 100.0
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< 0.01). Among physicians using a dietary supplement, 
77.8% were married, whereas this ratio was only 55.4% 
among physicians not using a dietary supplement (p 
< 0.05). Most of the physicians (52.2%) stated their 
nutritional status as ‘good’ (Table 3).

The rate of consuming dairy products and fruits-
vegetables on a daily basis was higher among physi-
cians using dietary supplement compared to non-users 
(p < 0.05). Similarly, the rate of consuming legumes 
2-3 times a week was significantly higher among phy-
sicians using a dietary supplement (66.7% in users, vs. 
44.6% in non-users, p < 0.05) (Table 4). The median 
daily consumption amount of dairy products (250 g) 
and fruits-vegetables (250 g) was significantly higher 

Table 2. Physicians’ reasons of dietary supplement use

Reasons * n %

Maintaining good health 11 40.7

Using as support after exercise 6 22.2

Prevention of fatigue feeling 5 18.5
Providing nutrients that the individual thinks 
is inadequate

5 18.5

Improving physical performance 5 18.5
Having a protective effect on cardiovascular 
diseases

4 14.8

Being therapeutic 1 3.7

Improving memory at advanced age 1 3.7

Support during fasting at Ramadan 1 3.7

*Multiple reasons were stated.

Table 3. Comparison of dietary supplement use and some characteristics of physicians

User Non-User Total

Characteristics n (%) n (%) n (%) χ2 p

Age* (years)

20-34 10 (37.0)a 239 (69.9) 249 (67.3)

14.899 0.00135-50 14 (51.9)b 70 (20.5) 84 (22.7)

51-67 3 (11.1) 33 (9.6) 36 (10.0)

Gender

Male 16 (59.3) 189 (55.1) 205 (55.4)
0.175 0.828

Female 11 (40.7) 154 (44.9) 165 (44.6)

Marital Status

Married 21 (77.8)a 190 (55.4)b 211 (57.0)
5.12 0.024

Single 6 (22.2) 153 (44.6) 153 (44.6)

Self-evaluation of nutritional status

Good 14 (51.9) 179 (52.2) 193 (52.2)

4.234 0.833Moderate 11 (40.7) 127 (37.0) 138 (37.3)

Poor 2 (7.4) 37 (10.8) 39 (20.5)

Chronic diseases

Yes 7 (25.9) 43 (12.5) 50 (15.6)
3.839 0.073

No 20 (74.1) 300 (87.5) 320 (84.4)

Number of meals

Less than three 7 (25.9) 68 (19.8) 75 (20.2)

3.967 0.186Three 18 (66.7) 199 (58.0) 217 (58.6)

More than three 2 (7.4) 76 (22.2) 78 (21.2)

Exercise

Yes 19 (70.4) 191 (55.7) 210 (56.8)
2.199 0.200

No 8 (29.6) 152 (44.3) 160 (43.2)

Total 27 (100.0) 343 (100.0) 370 (100.0)
* Significant difference between indicated cells (a, b).
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among physicians using dietary supplement compared 
to non-users ( 185.5g, 123g, respectively, p < 0.05) 
(Table 5).

Discussion 

Not being able to reach any study in the literature 
that was conducted in Turkey on the use of dietary sup-
plements by physicians shows the significance of our 
study. This is the first study conducted in Turkey with 
the opportunity of obtaining first-hand data about the 
use of dietary supplement among physicians. The rate 
of dietary supplement usage was among physicians at 
7.3%, this ratio was still higher than the general popu-
lation as revealed by TNHS results (multi vitamin-
mineral 1.5%, omega-3 fatty acids 0.3%, iron 1.2%, and 
vitamin B12 2.4%) (12). In a study conducted on health 
workers in the United States (Nurses’ Health Study and 
Health Professionals Follow-Up Study /NHS-HPFS), 
it was found that the rate of dietary supplement usage 
was about 65% in 1986, and this rate increased to 85% 
by 2006. It was shown that dietary supplement usage 
was higher in health workers compared to the general 
population, which was attributed to health workers’ 

Table 4. Comparison of dietary supplement use of physicians 
and consumption status of food groups at the suggested fre-
quency

User 
(n=27)

Non-User
(n=343)

Food/Food Groups Sayı (%) Sayı (%) χ2 p

Dairy products 
4.645 0.040

Every day 19 (70.4) 167 (48.8)

Red meat
0.002 1.000

1-2 times a week 6 (22.2) 75 (21.9)

Chiken- fish
1.489 0.234

1-2 times a week 15 (55.6) 149 (43.4)

Eggs
0.029 1.000

Every day 4 (14.8) 55 (16.0)

Legumes
4.900 0.029

2-3 times a week 18 (66.7) 153 (44.6)

Bread
0.531 0.548

Every day 13 (48.1) 190 (55.4)

Rice, pasta, bulgur, pastry etc.
0.053 0.836

3-4 times a week 8 (29.6) 109 (31.8)

Vegetables and fruits 
4.520 0.040

Every day 19 (70.4) 168 (49.0)

Table 5. Comparison of daily consumption amounts of some food groups and the use of dietary supplement by physicians*

Food/Food Groups
User Non-User

Median (min-max) Median (min-max) Z p

Dairy products (g)
(n=16)

250.0 (57.0-600.0)
(n=72)

185.5 (13.0-800.0)
0.185 0.001

Red meat (g)
(n=16)

85.5 (9.0-150.0)
(n=65)

86.0 (10.0-525.0)
0.908 0.853

Chicken and fish (g)
(n=14)

52.0 (10.0-114.0)
(n=64)

58.5 (5.0-550.0)
0.546 0.364

Eggs (g)
(n=15)

29.0 (2.0-50.0)
(n=61)

15.0 (1.0-300.0)
0.361 0.170

Legumes (g)
(n=14)

12.0 (7.0-50.0)
(n=52)

28.0 (0.3-143.0)
0.527 0.598

White bread (g)
(n=11)

50.0 (1.0-125.0)
(n=50)

53.5 (1.2-450.0)
1.373 0.585

Whole-grain bread (g)
(n=10)

37.5 (3.0-100.0)
(n=36)

25.0 (0.8-225.0)
1.209 0.718

Nuts-seeds (g)
(n=12)

15.0 (2.0-29.0)
(n=36)

9.0 (0.1-114.0)
3.323 0.226

Vegtables and fruits (g)
(n=16)

250.0 (110.0-450.0)
(n=52)

123.0 (28.0-500.0)
3.074 0.002

*Only those specifying amounts were taken into consideration.
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knowledge of dietary supplements being higher than 
the general public (15). A study published in 1984, in-
volving dietitians in the state of Washington, found that 
the usage rate of dietary supplements was approximately 
60% (16). Again, in the United States, the rate of regu-
lar (47.3%) and occasional (17.0%) use of any dietary 
supplement among female physicians were high (17). In 
our study, the rate of dietary supplement usage was 6.7% 
among female physicians (n = 11 in 165 physicians), and 
7.8% among males (p>0.05) (Table 3). These ratios were 
remarkably lower compared to the study conducted in 
the United States.

Among dietary supplements, the most commonly 
used are multi-vitamin minerals (6, 7, 11, 22, 23). In 
our study, among the dietary supplements users (n = 
27), multivitamins and minerals were the most com-
mon (48.3%). In the United States, the use of mul-
ti-vitamins&minerals (regular and occasional) was 
found to be 84.5% in health workers (NHS-HPFS) 
and 49.8% among female physicians (15, 17). In our 
study, the ratio of multi-vitamins&minerals users (n = 
14) was 3.8% among all physicians participating in the 
study (n = 370) (Table 1). It has been reported that low 
doses of multivitamin supplements may reduce the risk 
of cancer (particularly in malnourished individuals or 
men previously diagnosed with cancer) and age-relat-
ed cataracts, and it has been reported that high dose 
of β carotene, folate, and vitamin E supplements may 
have harmful effects (5). Marine-derived omega-3 
(n-3) fatty acids have beneficial effects on cardiovas-
cular risk factors and for prevention of cardiovascular 
mortality and morbidity (24). The American Heart 
Association (AHA) has suggested that healthy adults 
consume two portions per week of preferably fatty 
fish (equivalent to 400-500 mg/day of n-3 fatty acid) 
(25). The American and Canadian Dietitians’ Associa-
tion suggests 500 mg/day of marine-origin n-3 fatty 
acid intake (26). AHA recommends intake of 1g/day 
n-3 fatty acids in patients with cardiovascular disease, 
and 2-4 g/day in patients with high triglyceride levels 
(> 500 mg/dl) under supervision of a physician (25). 
Cardio-protective benefits of marine-origin n-3 fatty 
acids can be partially explained by mechanisms such 
as antiarrhythmic effect, lowering triglycerides and 
blood pressure, reducing platelet aggregation, improv-
ing vascular functions and reducing inflammation (24). 

In the meta-analysis published in the JAMA Cardiol-
ogy journal in 2018, it was concluded that the use of 
n-3 fatty acid supplements based on recommendations 
in individuals with risk of developing cardiovascular 
disease did not support the prevention of fatal coro-
nary heart disease or any cardiovascular disease (27). 
In terms of diet-disease relationship, a more appropri-
ate approach than focusing on a single food or nutri-
tional item is to focus on all dietary components. In a 
Cochrane review examining the effect of the Mediter-
ranean Diet on prevention of cardiovascular diseases; 
it was found that an increase in the components of the 
Mediterranean Diet in the daily diet will have positive 
effects on total cholesterol and LDL cholesterol levels. 
The Mediterranean Diet is a nutritional model where 
the main fat source is olive oil, with high consump-
tion levels of plant foods (vegetables, fruits, legumes, 
cereals, oilseeds) and complex carbohydrates (whole-
grain bread), moderate consumption levels of fish, 
eggs, poultry and dairy products (cheese, yogurt, etc.), 
low consumption levels of red meat and processed 
meat (fish, eggs, poultry and dairy products), and in 
which red wine is consumed at a low-moderate level 
with meals. It naturally contains important nutrients 
and phytochemicals (mono- and poly-unsaturated fat-
ty acids, fiber, antioxidant vitamins and minerals, and 
polyphenols) and has a low saturated fat, trans fat and 
added sugar content (28). In our study, the ratio of n-3 
fatty acid users alone (n = 7) or in combination with 
multiple food supplements (n = 2) was 2.4%. Among 
the physicians using dietary supplements (n = 27), n-3 
fatty acids (33.3%) were most commonly used after 
multivitamin&minerals (Table-1). In the NHS-HPFS 
study, most commonly used dietary supplements were 
calcium, vitamins D, C, and E in women, and vitamin 
C, E and calcium in men, followed by fish oil, and the 
usage rate was 20.2% (15).

The lifestyles of individuals using dietary supple-
ments are generally positive. For example; they do not 
smoke, consume alcohol or consume alcohol at moder-
ate levels, exercise regularly, consume more vegetables 
and fruits. They are also more susceptible to nutrition-
related messages (maintaining ideal body weight, eat-
ing micronutrients at an adequate level, consuming 
fruits and vegetables, etc.) (29). It was reported that 
individuals assessing their health condition as good use 
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more dietary supplement than those who assess their 
health condition as poor (22, 29). On the contrary, 
it was also found that individuals who assessed their 
health condition as poor used dietary supplements at 
a rate approximately twice that of individuals who as-
sessed their health condition as good (23). According 
to the EPIC study, a dietary supplement was found to 
be more frequent in individuals reporting their health 
condition as good than those who reported a moder-
ate/poor health condition, except for England (11). It 
was also found that supplement users had one or more 
illness than those who did not. In addition, it was re-
ported that individuals with hypertension, cancer, and 
heart disease used less dietary supplement than those 
without these diseases (29). In our study, approximate-
ly half (52.2%) of the physicians rated their nutritional 
status as good. This was similar for physicians who use 
a dietary supplement (51.9%) and non-users (52.2%). 
Although the presence of chronic diseases (25.9%) 
and exercising (70.4%) was higher in physicians us-
ing dietary supplement than in non-users (12.5% and 
55.7%, respectively), this difference was not significant 
(p > 0.05, Table 3). Individuals who use dietary sup-
plements use these to maintain and improve health 
rather than preventing diseases (29). In our study, sim-
ilarly, most of the physicians using food supplements 
(40.7%) reported that they used a dietary supplement 
to maintain good health.

A balanced and sufficient diet is the most appro-
priate approach to achieve sufficient intake of nutri-
ents into our body. Dietary supplements are used to 
compensate for vitamins, minerals, and other nutri-
tional substances that are not sufficiently supplied by a 
person’s daily diet (2). As completely opposed to this 
case, it was reported that those who used dietary sup-
plements had better diets than those who did not (18). 
In agreement with the literature, a significant result of 
our study was that the dietary habits of those who used 
dietary supplements had higher quality in comparison 
to those who did not use such supplements. Our find-
ings that support this case are described below.

In our study, the daily consumption rates of dairy 
products and vegetables-fruits were higher in physi-
cians using the dietary supplement (p<0.05). Similarly, 
the rate of consuming legumes 2-3 times a week was 
higher in physicians using the dietary supplement 

(66.7% compared to 44.6%)(p<0.05) (Table 4). The 
median daily consumption amount of dairy products 
(250 g) and fruits-vegetables (250 g) was significantly 
higher among physicians using dietary supplement 
compared to non-users (185.5 g, 123 g, respectively) 
(Table 5). Turkey Dietary Guidelines recommends 
that adults should consume 3 servings of dairy prod-
ucts, and at least 5 servings (400 g) of vegetables and 
fruits daily, and 3 servings of legumes weekly. A me-
dium size cup of milk or yogurt (240 mL) or 40-60 g 
of cheese, 8-10 tablespoons (130 g cooked) of legumes 
constitute a serving or portion (3). It is seen that physi-
cians using dietary supplement consume higher levels 
of milk, vegetables, fruits and legume groups closer to 
the recommended frequency by TDG than those who 
do not use a dietary supplement. However, although 
daily consumption amounts of dairy products and veg-
etables and fruit are higher (250 g), these are still lower 
than the daily amounts recommended by TDG. 250 g 
dairy products may be considered as approximately 1 
portion, and 250 g vegetables-fruits as approximately 
1-2 portions. In this case, it can be said that physi-
cians using dietary supplement consume 1 portion of 
dairy products and 1-2 portions of vegetable-fruits per 
day. In a study conducted on female physicians, it was 
found that daily vegetable consumption (3.4 servings) 
was higher in participants taking supplements regu-
larly than occasional users (2.9 servings) and non-users 
(2.8 servings). It was also found that those who used 
regular dietary supplements consumed less fat than oc-
casional users and non-users. It was also shown that 
vegetarians are more likely to use regular dietary sup-
plements than non-vegetarians (17).

In the studies we have accessed, in general, the use 
of food supplements was found to be more prevalent 
among women, in advanced age, in individuals with 
higher education levels and income levels, non-smok-
ers, those with higher physical activity, and those with 
low or normal BMI (18.5-24.9 kg/m2) (6-10, 14, 19, 
23). Among these studies, only one study conducted 
in the Netherlands found that the probability of using 
multi-vitamin minerals in individuals aged 19-34 years 
was higher than the age group of 65+ years. In the same 
study, the use of multi-vitamin&minerals was found 
to be more likely in single persons than in married 
(8). Regular use of dietary supplements also increases 
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among female physicians with age, whereas there is no 
significant relationship between marital status and di-
etary supplement (17). Consistent with the literature, 
in our study, middle-aged physicians (35-50 years) had 
a higher rate of dietary supplement use than younger 
participants (20-34 years). Usage rate was higher in 
married participants (77.8%) than single participants 
(55.4%). This suggests that a relationship with age ex-
ists since individuals are more likely to be married at 
advanced ages.

Conclusion

Although, as a result of our study, we obtained data 
on the rate of using dietary supplements among physi-
cians (7.3%), the fact that the study was carried out at a 
single center may be misleading in terms of generalizing 
these data to the universe. Thus, the use of dietary sup-
plements by physicians in Turkey should be determined 
by carrying out multi-center studies with larger sam-
ples. In addition to the use of dietary supplements, daily 
intake of energy and nutrients should be calculated by 
keeping records of food intake, and this should be com-
pared to Dietary Reference Intakes (DRI).
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Do food labels affect Turkish consumers’ nutritional choices 
and expectations? 
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Summary. Objective: Food labels are tools that contribute to nutritional education significantly by providing 
accurate and clear information for societies. The aim of this study was to determine factors having an influ-
ence on individuals about reading of food labels, problems they encounter, and nutritional values they want 
to see on food labels.  Subjects and Methods: This cross-sectional study was carried out with 800 individuals 
aged 20 to 64 years old. A questionnaire form  created by the authors was used for data collection Indepen-
dent Samples t-test and Chi-square (X²) significance test were used for statistical analyses. The findings were 
evaluated at 95% confidence interval and p<.05 taken to indicate significance level. Results: According to 
results of the study all the participants read food labels. 66.5% of the participants in both genders read food 
labels because they thought this habit “contributes to healthy eating”, and 55.1% of them thought “informa-
tion on food labels does not adequately meet their incompetency expectations”. The first two reasons for this 
incompetency were difficulty in finding production and expiry dates (26.3%) and tiny font size (18.3%). There 
were significant correlations between some food label symbols (“Gluten free”, “Recyclable”), food label state-
ments (“fiber” and “light”), and gender (p<.05).  Expecting to see some food information on labels such as 
carbohydrates (sugar content), total fat, light, top vitamins, amount of fiber, calcium, sodium, potassium and 
iron content differed by gender (p<.05). Conclusion: In order to benefit from food labels, rearrangement in all 
aspects to ensure healthy food choices, and clearer labels may be effective.

Key words: food labelling, consumer choice, gender, symbols, expectations
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O r i g i n a l  a r t i c l e

Introduction 

A label is a material that provides information 
about the content of a product and enhances the com-
prehension of this information by consumers (1). The 
purpose of labeling is to provide accurate informa-
tion related to health, safety, and economic concerns, 
to protect consumers and producers from persuasive 
packaging and advertisements, and to promote equi-
table competition and product marketing. However, 
reading the information partaking on the food label 
while purchasing packaged food is an considerable pa-
rameter in terms of providing food safety (2). Food la-
bels are the most basic and healthiest source providing 

information to the customers. It is important to ensure 
that the information on food labels should be accurate, 
clear and comprehensive to the   consumers (3). Food 
labels contain the portion size, energy, and nutrition-
al values of the given food (4,5). Consumers should 
be able to choose healthy food by reading nutrition 
facts on food labels during food purchase (6). Thus, 
the incidence of chronic diseases can be reduced, and 
management of the body weight can be controlled. In 
addition, some food labels include information about 
healthy eating (4,5). According to the literatüre there 
are correlations between reading food labels and high 
diet quality, low energy intake, increased consumption 
of fruit and vegetables, enhanced health outcomes and 
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other favorable activities (7-10). This study aims to de-
termine factors affecting the food-label reading habits 
of consumers, problems they encounter while reading 
food labels and nutritional values they want to see on 
food labels. 

Materials and Methods

Study Design
This cross-sectional study, was carried out with 

800 individuals, 323 males (M:40.3%) and 477 fe-
males (F:59.7%), aged between 20 and 64 living in 
Ankara province which is the capital city of Turkey 
between December 2014 and May 2015. A question-
naire created by the authors was used to evaluate the 
sociodemographic and food label reading attributes. 
Pilot study of this questionnaire conducted with 50 
volunteers to evaluate the validity of the items. Some 
items were reorganized based on the responses taken 
from the participants.  

The first part of the questionnaire involved items 
examining general information about the participant 
(gender, age, marital status, education, employment, 
total number of family members, and diagnosis of a 
chronic disease), while the second part questioned 
the problems encountered during reading food labels, 
whether the symbols, phrases, and sample food labels 
were known, and other things that consumers wanted 
to see on food labels (Figure 1). 

Research Ethics
This study was approved by the Ethical Commit-

tee of the Ankara University (179/1344/2014). The 
participants were informed about the purpose and the 
content of the study, and they were asked to sign a con-
sent form.

Statistical Analysis
SPSS statistical software package was used in data 

analysis. The quantitative data were presented as mean 
and standard deviation values in the tables, while qual-
itative data were presented as numbers and percentag-
es (%).  The number “n” was considered for each choice 
while calculating percentages for items with multiple 
choices. For statistical analysis, Chi-square (X²) signif-
icance test was used for non-parametric variables and 
Independent Samples t-test was used for parametric 
two independent groups. All data was split by gender. 
The findings were evaluated at 95% confidence interval 
and p<.05 determined as significance level. 

Results 

According to the results of the study,  40.3% (n:323) 
of the participants were male, 59.7% (n:477) were fe-
male, and 32.4% were married. Mean age of the partici-
pant was 30.1±11.0 years. Approximately half of them 
(44.7%)  were aged between 20 and 24. High school and 
college graduation rate was 47.1% and 45.5%, respec-
tively. There was significant difference found between 
age groups, education levels and marital status  accord-
ing to gender (p<.05). The number of people in the fam-
ily was ≤4 with 65.1%. 18.4% of the participants had at 
least a chronic disease.  Prevalance of the most common 
diseases were 23.1% for hypertension, 21.8% for cardio-
vascular diseases and 15.4% for diabetes.

All of the participants stated that they read food 
labels. Table 1 presents the factors that affect the 
participants for reading food label information. Ac-
cordingly, in both genders, the most given response 
(66.5%) was reading food labels because of “its con-
tribution to healthy eating” (M:71.2%; F:63.2%), and 
the second popular response (11.1%) was “comparing 

Figure 1: Symbols, selected sample  food label

Gluten free Contains antioxidant Recycling Food label
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similar products of two different brands” (M:12.2%; 
F:10.6%). However, the third effective factor was 
“maintaining body weight” in women (9.4%), whereas 
it was “contribution to nutritional awareness” in men 
(5.8%) (Table 1).

The participants (n 441) thought that the infor-
mation on food labels did not adequately meet their 
expectations (55.1%) (M:52.0%; F:57.2%). Among 
the reasons for that were difficulty in finding the pro-
duction and expiry dates (26.3%), too small font size 
(18.3%), inconsistency between net amount and food 
label information (15.4 %), and incomprehensive label 
language (14.0%) (Table 2).

Meaning of some of the symbols, icons and state-
ments on the food label were asked to the participants 
(Table 3). According to Table 3, the rate of 5 correct 
answers in women and 2 in men was over 50.0%. On 
the other hand, frequency of incorrect responses was 
found to be high in two genders (M:85.8%; F:74.6%) 
when they were asked about the caloric density of a 
selected food label. While antioxidant symbol aware-
ness was determined to be insignificant by gender 
(p>0.05), the difference between correct responses 

about other symbols, statements, and selected sample 
food label was found significant by gender (p<.05). 
The mean score of the questions asked in this section 
was 3.64±1.69 (M:3.19±1.66 points and F:3.94±1.65 
points), and the scores classified by gender were statis-
tically significant (p<.05).

Table 1. The distribution of the most effective factors for reading food labels by gender, n (%)

Effective factors on  reading food labels Male Female Total p

Going on a diet 15 (4.6) 29 (6.0) 44 (5.5)

0.002

Maintaining body weight 12 (3.7) 45 (9.4) 57 (7.1)

Having a chronic disease 8 (2.5) 10 (2.0) 18 (2.3)

Contribution to healthy eating 230 (71.2) 301 (63.2) 531 (66.5)

Comparing two different products 39 (12.2) 50 (10.6)   89 (11.1)

Contribution to nutritional awareness 19 (5.8) 42 (8.8) 61 (7.5)

Table 2. Distribution of problems related to food label information by gender, n (%)

Problems related to food label information * Male (n:168) Female (n:273) Total

Difficulty in finding production and expiry dates 51 (30.3) 65 (23.8) 116 (26.3)

Inconsistency about net amount and food label information 25 (14.8) 43 (15.7) 68 (15.4)

No price 15 (8.9) 19 (7.0) 34 (7.7)

Faint label print 20 (11.9) 29 (10.6) 49 (11.1)

Incomprehensive label language 21 (12.5) 41 (15.9) 62 (14.0)

Too small font size 26 (15.4) 55 (20.1) 81 (18.3)

Label information isn’t highlighted  11 (6.5) 19 (7.0) 30 (6.8)

Label information is not written on the front side 10 (5.9) 14 (5.1) 24 (5.4)

*Participants choice more than one reason.

Table 3.  Correct responses to questioned symbols, selected 
sample food  label, and phrases, n (%)
Symbols, selected 
sample food label,
and phrases

True False p

Gluten free
M 141 (43.7) 182 (56.3)

0.000
F 296 (62.1) 181 (37.9)

Contains antioxidant
M 73 (22.6) 250 (77.4)

0.989
F 108 (22.6) 369 (77.4)

Recycling
M 263 (81.4) 60 (18.6)

0.000
F 420 (88.1) 57 (11.9)

Food label
M 46 (14.2) 277 (85.8)

0.000
F 121 (25.4) 356 (74.6)

Fiber
M 151 (46.7) 172 (53.3)

0.000
F 323 (67.7) 154 (32.3)

Light
M 149 (46.1) 174 (53.9)

0.000
F 309 (64.8) 168 (35.2)

M:Male, F:Female
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Table 4 presents the distribution of nutrients of 
which the participants wanted to see on food labels by 
gender. Willingness to read carbohydrates (sugar con-
tent), total fat, light, salt and sodium, most common 
vitamins, fiber, calcium, potassium and iron content dif-
fered statistically by gender (p<.05), however the rate of 
others did not yield a significance (p>0.05). Moreover, 
though not statistically significant, the frequency of 
women who thought energy value, saturated fat, cho-
lesterol, and protein content should always take part on 
food labels was determined to be higher than men. 

Discussion

Adequate and balanced nutrition is important in 
increasing the life quality of individuals. As a part of 
that it is necessary to effectively use food label facts 
while choosing healthy foods. Thus, it is also possible 
to gain healthy eating habits. Nowadays, although con-
sumers are aware of nutrient content of some foods, it 
is generally thought that the information on food la-
bels of packaged foods is not always clear, consumers 
have somewhat difficulty in reading food labels, and 
that food labels can be confusing for consumers. For 
this reason, food labels should include clear and prac-
tical information about the product. Therefore, deter-
mining the factors which affect consumers’ food label 

reading, also the problems encountered while reading 
food labels and the nutrients consumers would like to 
see on food labels was examined in this study. 

As a result of the study, it was determined that 
all of the participants (n:800) were reading nutritional 
labels. In 65 of 120 studies conducted on consumers’ 
reading habit of food labels, it was found that consum-
ers read the information on food labels (10). In some of 
that studies based on individuals’ self reports, consum-
ers read food labels in detail (11-13). In other studies, 
the reading rate according to age group is evaluated 
and found that middle aged and young adults generally 
read food labels (10). The larger part of the partici-
pants in the study (83.9%) was made up of adults aged 
between 20 and 40, and most were high school and 
university graduates (92.6%). It was shown in most 
studies on food label reading that the habit of reading 
food labels was high in those with high educational 
levels (5,14-19). The high educational level in this 
study (with 92.6%) may have been effective in read-
ing food labels. The high rates of food label reading in 
young and middle aged participants and in those with 
high educational levels can be explained by the fact 
that these variables are efficient on health awareness.

As the consumers’ own statements are valid in 
such studies most of the time, the responses may also 
meet social expectations. For this reason, consumers 
are interested in food label information without fully 

Table 4. The distribution of nutrients that the participants willing to see on food labels by gender, n(%)

Statements 
Male Female

pAlways Sometimes Never Always Sometimes Never
Energy 280 (86.7) 31 (9.6) 12 (3.7) 434 (91.0) 30 (6.3) 13 (2.7) 0.152

Carbohydrate (sugar content) 238 (73.7) 72 (22.3) 13 (4.0) 395 (82.8) 65 (13.6) 17 (3.6) 0.005

Total fat 227 (70.3) 77 (23.8) 19 (5.9) 373 (78.2) 82 (17.2) 22 (4.6) 0.039

Saturated fat 216 (66.9) 77 (23.8) 30 (9.3) 341 (71.5) 104 (21.8) 32 (6.7) 0.273

Light 202 (62.5) 73 (22.6) 48 (14.9) 318 (66.7) 117 (24.5) 42 (8.8) 0.029

Cholesterol 213 (65.9) 61 (18.9) 49 (15.2) 329 (69.0) 93 (19.5) 55 (11.5) 0.323

Protein 215 (66.6) 62 (19.2) 46 (14.2) 342 (71.7) 88 (18.4) 47 (9.9) 0.137

Salt and Sodium 201 (62.2) 62 (19.2) 60 (18.6) 327 (68.6) 95 (19.9) 55 (11.5) 0.020

The most common vitamins 195 (60.4) 63 (19.5) 65 (20.1) 336 (70.4) 82 (17.2) 59 (12.4) 0.004

Fiber 164 (50.8) 77 (23.8) 82 (25.4) 299 (62.7) 110 (23.1) 68 (14.3) 0.000

Calcium content 188 (58.2) 61 (18.9) 74 (22.9) 338 (70.9) 78 (16.4) 61 (12.8) 0.000

Potassium content 183 (56.7) 68 (21.1) 72 (22.3) 318 (66.7) 88 (18.4) 71 (14.9) 0.008

Iron content 190 (58.8) 61 (18.9) 72 (22.3) 136 (70.4) 73 (15.3) 68 (14.3) 0.002
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understanding the information on food labels. The 
most influential factor on reading food labels in this 
study was reported to be “contribution to healthy eat-
ing” (66.5%, Table 1). It was shown in some studies 
that only a general health statement on the food label 
induced an increase perception of the food as healthy 
(20-26). On the other hand, there are also studies 
showing that information on a label perceived as the 
risk of any illness had stronger effect in the choice of 
purchase (23,24).

In this study, the second important factor in food 
label reading of the participants was “comparing two 
similar products of different brands” (11.1%) (Table 1). 
Ares et al. (22)  reported that brand name is the most 
significant factor on purchasing healthy food, and that 
there are two types of consumers in terms of purchas-
ing. While the first group of customers take brand 
name and healthy content into consideration, the sec-
ond group look for a certain brand and good taste. For 
this group, health benefits and price are less important 
than the other group of customers. 

Another factor effective in reading food labels 
was statements related to chronic diseases (20). How-
ever, this study found that the least effective factor in 
reading food labels was statement of a chronic disease 
(2.3%) (Table 1). This may have been caused from the 
fact that the majority of the participants were young or 
middle aged adults, and that the rate of those who were 
diagnosed with a chronic disease was low with 18.4%. 
Saba et al. (24) determined that products with a gen-
eral health statement were preferred less than products 
stating that they reduced the risk of any diseases. On 
the other hand, van Kleef et al. (23) found that health 
statements related to heart, cancer, and osteoporosis 
on food labels was more effective than other health 
statements such as reducing stress, and good for skin.  

Making almost all the information on food labels 
more understandable (e.g. optimal font size and print 
color, statements, symbols, logos, and measurement 
units) is important for social nutritional education. 
More than half of the participants (n:441; 55.1%) in 
the study thought that the information on food labels 
did not meet their expectations (M:52.0%; F:57.2%). 
Accordingly, the primary reasons were found to be dif-
ficulty finding production and expiry dates (26.3%), 
very little font size (18.3%), inconsistency between the 

net amount of the product and the statement on the la-
bel (15.4%), incomprehensible label language (14.0%), 
location of the label on the package other than front 
face (5.4%), and unnoticeable print color (6.8%) (Ta-
ble 2). Van Kleef & Dagevos (2015) reported that in 
particular, simplified nutrition labelling located on the 
front of packs has the potential to effectively inform 
consumers of the healthiness of food products and 
help prefer more conscious food choices (27).

Jacobs et al. (26) conducted study to investigate 
difficulties that consumers had while reading and 
understanding food label information. The results of 
the study was consistent with this study, as custom-
ers were disturbed by very small font size on food la-
bels. Besler et al. (28) found in a similar study that 
food label information was incomprehensible and the 
label font was too small, also 24.9% of the consum-
ers partly understood food label information, 19.6% 
understood nothing. By correcting these negative out-
comes, it is possible to prevent meaning confusion in 
food label information, to increase food label reading, 
and to lead positive changes while choosing healthy 
food. In a literature review related to this topic car-
ried out in America and Canada, it was revealed that 
consumers had several difficulties in understanding 
food label information both on the front and back of 
the food package. In that review, it was stated that the 
food label information on the front side of the food 
package should be written in a simpler language, and 
that a content table with simple and clear language 
should be included. It was also additionally stated that 
the terms used on the label should be presented with a 
simple language such as “high”, “medium”, and “low”, 
the color should be noticeable, and that a traffic lamp-
like system should be used to indicate the value of all 
nutrients in terms of health (29). 

In addition to mandatory label information in our 
country, some symbols are also used on food labels. A 
great majority of community, consumers’ interest in 
reading food labels and understanding statements and 
symbols is effective in their food label reading. Besler 
et al. (28) determined that the meaning of symbols 
and abbreviations on food labels were not understood 
by the customers. While there was no significant dif-
ference between knowing what “antioxidant” symbol 
meant by gender (p>0.05), there was a significant dif-
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ference between had knowledge of other symbols by 
gender (p<.05) (Table 3). Many of the studies inves-
tigating whether food label information was read by 
consumers, was reported that women read food labels 
much higher than men (5,15,18,30-33). In accordance 
with other studies conducted on this subject, the rate 
of 5 correct answers in women and 2 in men was over 
50.0% in this study. The mean score obtained from the 
statements in Table 3 was 3.64±1.69 (M:3.19±1.66 
and F:3.94±1.65), and the scores obtained were statis-
tically different by gender (p<.05). 

“Recycling” symbol on the food label was known 
by the majority of the participants in the study. This 
may be due to increased awareness in the society as 
well as implementation of environmental protection 
policies Turkey. It’s noteworthy, however, that the 
number of those who did not know such health-relat-
ed symbols as “gluten free” (M:56.3%,  F:37.9%) and 
“contains antioxidants” (M:77.4%, F:77.4%) was high 
(Table 3). This result may be due to the rate of those 
who had chronic diseases in the study was only 18.4%, 
and that individuals paid attention to health-related 
warnings on food labels when they or their family 
members had a chronic diseases (such as celiacs) inves-
tigated. Indeed, some studies showed that consumers 
investigated food label symbols more in the presence 
of a chronic disease (23,24).  In another study carried 
out in Spain and Denmark, it was found that symbols 
could be misinterpreted due to cultural differences, 
however the interest in food labels can increase visu-
ally to a great extent (34). Bix L et al. (35) studied the 
effect of attention getting properties of food labels on 
the front side of food packages with eye contact dura-
tion in vitro and they found that prolonged examina-
tion of food label by faster but attractive eye contact. In 
addition, they determined that the reaction time given 
to food labels which use color-code system on the front 
side was faster. In this study, selected sample food label 
was shown to participants and they were asked how 
many calories it contains. As a result, the frequency of 
wrong response in both genders were high (M:85.8%, 
F:74.6%) and the mean difference found significant 
(p<.05).

Nowadays, food labeling is attracting more atten-
tion as a mechanism which is likely to put an impact on 
people’s diets at the population level to provide a sup-

porting remedy for high and growing levels of obesity 
and nutrition diseases (36-37). World Health Organi-
zation (WHO) and Food and Agriculture Organiza-
tion (FAO) declared that in order to prevent common 
health problems, energy intake, total fat and trans fat, 
sugar and sodium should be reduced in the diet (38). 
Nutrition labels generally involves information about 
calories, serving size, and amounts and/or daily values 
of many macronutrients, vitamins, and minerals (e.g., 
carbohydrate, fats, calcium, Na) (39). For this reason, 
food labeling has become a part of dietary habits, 
physical activity and health strategies of WHO since 
2004 (40). In the study, participants who wanted car-
bohydrate (sugar content), total fat, light, salt and so-
dium content, most common vitamins, fiber, calcium, 
potassium and iron content as label information were 
differed by (p<.05, Table 4). These results may be due 
to the increased awareness that amount of food intake 
for the treatment of increasing diseases associated with 
nutritional deficiencies (malnutrition, vitamin D defi-
ciency, anemia, cancer, cardiovascular diseases, allergy, 
asthma, and obesity) (2). 

Jacobs et al. (26) found that consumers read infor-
mation about fat and cholesterol content in nutritional 
information of food labels. It was determined in a study 
carried out in Holland on this topic that “√” symbol, 
which meant “contains low energy, sugar, salt, saturated 
fat, and abundant fiber” and was used for body weight 
control, was known by 62.0% of consumers, especially 
more by women (68%) (41). Although not statistically 
significant, women wanted to see saturated fat, protein 
and energy content of a packaged food more than men 
(Table 4). In some studies conducted on the same sub-
ject, it was determined that willingness to examine the 
food label was related to customers’ health, for instance 
a customer needs to low-fat food was interested in fat 
content on food label (7,42-43). 

Conclusion

In conclusion, consumers living in Turkey are will-
ing to read food labels.  In this study, it was found that 
all of the participants were reading nutritional labels. 
Label readings of consumers with a high level of edu-
cation and young and middle age groups were found 
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to be high. The most influential factor on reading food 
labels in this study was reported to be “contribution 
to healthy eating”. More than half of the consumers 
stated that they could not meet the expectations of the 
information on the food labels. In addition to, findings 
reveal that there were significant correlations between 
some food label symbols, food label statements and 
gender. Expecting to see some food information on 
labels such as carbohydrate (sugar content), total fat, 
light, top vitamins, amount of fiber, calcium, sodium, 
potassium and iron content differed by gender.

Food labels are effective tools that help individu-
als make healthy food choices, and the information on 
the labels have an influence on the purchasing stage. 
Therefore it is recommended by the study that edu-
cational programs should be developed so that indi-
viduals can read food labels effectively, the symbols 
and statements on food labels can be taught via public 
spots, and that public awareness can be raised for read-
ing and perceiving the food labels correctly.
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Do critically ill elderly patients show a different profile 
than younger patients in terms of prealbumin response to 
nutrition?
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Summary. Nutritional assessment is essential for the clinical nutrition practice.In critical care, prealbumin 
is still a useful marker for this purpose.Geriatric patient population is increasing in number in critical care 
and with accompanying comorbidities, they exert different treatment-response profiles.We analysed preal-
bumin response of critically ill elderly patients compared to younger patients. Methods: 1311 adult patients 
were included in the 5 years retrospective analysis in our tertiery medical-surgical ICU.Admission  levels of 
prealbumin, albumin, C-reactive protein, as well as CRP/albumin and CRP/prealbumin ratios were com-
pared between the young (<65 years) and elderly (≥65 years)groups of patients, and the relation with out-
come was analysed . For the secondary part of the study, patients whose CRP levels persisting over 15mg/L 
were excluded and 704 patients whose inflammatory response subsided and who were equally fed were 
analysed for the prealbumin response in the following weeks. The difference between the admission and 
the outcome levels (died, discharged or the 28th day) of prealbumin were compared within and between 
the young and elderly groups and their subgroups(died or survived). Results: Prealbumin and albumin levels 
were significantly higher in young group compared to old group on admission. There were no difference in 
the admission prealbumin, albumin, CRP levels and  CRP/albumin, CRP/prealbumin ratios in the died 
or survived subgroups of younger patients .Whereas in the older group, admission prealbumin, albumin 
levels were lower, CRP, CRP/albumin, CRP/prealbumin ratios were significantly higher in died subgroup 
in terms of the 28th day, and the hospital outcomes (p<0,05).Outcome levels of prealbumin were higher 
in both groups (p<0,05) but the younger group showed a more pronounced prealbumin response, although 
in comparison, the mean levels of increase were not statistically significant (p>0,05).In subgroup analysis, 
mean values of increase between the admission and outcome levels were higher in the survived subgroups 
(p<0,05). Conclusion: Under the similar protein intake (0,8-1gr/kg/day), geriatric patients  showed a blunt-
ed response for prealbumin synthesis compared to younger patients.The failure in this response may be due 
to the chronic inflammatory state, comorbidities and age related physiological organ dysfunctions which 
make this nutritional marker even less reliable in this age group.
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O r i g i n a l  a r t i c l e

Introduction 

As a result of global rising in the number of the 
aging population, increasing number of elderly pa-
tients are admitted to the intensive care units (ICU). 
These patients usually have multiple comorbidies pre-

senting different pathophysiologic profiles as well as 
limited organ functions related with aging.

Along with the other physiologic limitation of the 
organ functions, nutrition is another important deter-
minant of health in geriatric age group. Critically ill 
older patients has a high incidence of malnutrition and 
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sarcopenia that leads to increased morbidity and mor-
tality compared to younger patients (1,2).

Critical illness is associated with hypermetabo-
lism and marked protein catabolism (3,4). In the face 
of unabated protein catabolism patients can experience 
greater mortality, increased infections and worsened 
survival and that would be even more detrimental in 
older patients (5-8).

Therefore, it is important to appropriately identify 
who may be at risk for poorer clinical outcomes and 
who may benefit from an aggressive nutritional strat-
egy, that makes assessment of nutritional status central 
to the clinical nutrition practice. 

However, nutritional assessment is not easy in 
ICU patients.Andropometric measurements are gen-
erally unreliable, especially in older patients, due to the 
decreased ability to excreate water load, and prolonged 
overexpansion of extracellular water following resusci-
tation or sepsis (1,9).

Although the traditional serum protein mark-
ers (albumin, prealbumin, transferrin, retinol binding 
protein) are a reflection of the acute-phase response 
(increases in vascular permeability and reprioritization 
of hepatic protein synthesis) and may not accurately 
represent nutrition status in the ICU setting (10), as 
the other alternatives (calcitonin, C-reactive protein 
(CRP), interleukin-1, tumor necrosis factor (TNF), 
interleukin-6, and citrulline) are still investigational 
and measures like muscle mass ultrasound and com-
puted tomography of skeletal muscles are not practical, 
an optimal assessment tool is still pending.

At present, the most useful biological marker of 
nutritional status still seems to be prealbumin.

Prealbumin is mainly synthetised and catabolised 
by the liver and excreated by the kidney and gastroin-
testinal tract with a half-life of 1.9 days (11). Although 
it is known that inflammation and critical illness ren-
der serum proteins including serum prealbumin con-
centration unreliable (12), during the recovery period 
of the acute illness where the inflammatory phase of 
the disease subsets, it still can be regarded as a marker 
of nutrition in critically ill patients.

In our retrospective analysis of critically ill pa-
tients, we aimed to compare the prealbumin responses 
of two different age groups. We planned to investigate 
if the older age group appropriately responds to the 

nutrition by increasing prealbumin levels when the 
amount of the calorie/protein intake is similar to the 
younger age group. We also compared two groups in 
terms of the prognostic value of nutritional indexes 
like CRP/albumin and CRP/prealbumin ratio. 

Subjects and methods

The study is held in a university affliated teaching 
and research hospital. We performed a single center, 
retrospective observational study of the medical records 
of 21 bed ICU over a 5 -year period. Hospital man-
agement approval was obtained for the data collection 
from the hospital files. The nutritional assessments as 
well as the demographic and related parameters were 
recorded by the members of the nutrition team of the 
hospital; a dietitian and a nutrition nurse. They vis-
ited the patients admitted to ICU and followed up two 
times a week, but the prealbumin was checked once a 
week. The nutritional needs of the patients were gener-
ally estimated using a standardised amount of 25 kcal/
kg/day. We analysed all patients admitted to our ICU, 
both diagnosed for surgical or medical reasons. As this 
is a retrospective study, if there was a missing data in 
this process, those patients were excluded.

Inclusion criterions:
Patients over 18 years old who stayed in ICU at 

least two weeks, and who has at least an admission and 
an outcome measurement of prealbumin/albumin/
CRP levels.

Patients whose total weekly calorie intake after 
the first week was over 75% of the calculated needs.

Exclusion criterions:
For the prealbumin response, patients whose 

CRP levels over 15 mg/ L after the first week (Tto ex-
clude the suppressive effect of inflammatory status on 
prealbumin production). Severe liver and kidney fail-
ure patients who need hemodialysis or hemodiafiltra-
tion. Patients who has known to have protein-losing 
nephropaties. 

The patients who fulfilled the inclusion criterions 
were divided in two groups: patients between 18-64 
years old and patients aged 65 years and over.
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For the second part of the analysis, the groups 
were subdivided according to their outcome, dead or 
survived.

Data recordings and calculations:
Age, gender, body mass index (BMI), APACHE 

II, Nutritional Risk Screening (NRS 2002) scores (13), 
diagnosis on admission and comorbidities. 

The amount of nutrients the patient needed and 
actually hand.

CRP, albumin, prealbumin levels, CRP/albumin 
and CRP/prealbumin ratios within the first 48 hours. 

The last prealbumin, albumin and CRP levels on 
discharge, on death or on 28th day when the study 
ended; these values were taken as the level of outcome 
regardless of the lenght of stay in ICU (LOS ICU).

The difference between the prealbumin levels on 
admission and on outcome (Delta prealbumin levels) 

Prealbumin, albumin and CRP results of patients 
who had the measurements in each consecutive week 
(n=113) were recorded until the patient discharged, 
died or up to the 28th day.

For the interpretation of the prealbumin levels, 
the hospitals laboratory reference value (prealbumin> 
16 mg/dl; immunoturbimetric technique, Abbott lab.) 
was adjusted for the critically ill patient group: Low 
prealbumin<11 mg/dl; and normal prealbumin>11 
mg/dl (14).

As the patients whose CRP levels were below 
15mg/ L in the second week onwards were included in 
the study, and as the calorie-protein intakes were equal 
between younger and older groups, the prealbumin 
levels from the second week onwards were assumed to 
show the adequacy of, as well as the patients spesific 
response to the nutritional support.

 
Statistical analysis

Data were analysed using Statistical Package for 
Social (IBM SPSS Statistics ). Whether or not the 
parameters were normally distributed was analysed 
with ShapiroWilks test. Student–t test was used for 
the comparison of the quantitative data and normally 
distributed variables as well as the complementery 
statistical methods (mean, SD, frequency). For the 
comparison of not normally distributed variables, 
Mann Whitney U test was used. For the comparison 

of normally distributed variables like admission-out-
come data within the groups, Paired Samples t test 
was used. For the change of prealbumin in consecu-
tive weeks, Repeated Measures Analysis of Variance 
(ANOVA) was used. For the comparison of the qual-
itative data, Chi square test and Yate’s Correction for 
Continuity was used. The ROC curve was build to 
evaluate the cut-off points for outcome prealbumin 
levels. The correlation between the normally distrib-
uted parameters was assessed using Pearson Corre-
lation Analysis, and the correlation between the not 
normally distributed parameters was evaluated using 
Spearman’s rho Correlation Analysis.Two sided val-
ues of p<0.05 were considered as statistically signifi-
cant.

Results

In the five years period a total of 6045 patients 
were admitted to the ICU. In those, 1311 were eligible 
for the study. After excluding the patients whose CRP 
levels were over 15 mg/dl from the second week on-
wards, 704 patients were included in the final analysis 
(211 patients <65years, 493 patients≥ 65 years old). 
Patients characteristics were summarised in Table 
1,Table 2, Table 3.
The ICU lenght of stay (<65 years:20.1±13.3 (15)days 
vs ≥ 65years:21.1±12.9 (17) days; p>0.05) and 28th 
days mortality rates (30.3% vs 35%; p>0.05) were not 
found to be significant between two groups, hospital 
mortality was higher in older patient group (37.4% vs 
47.5% ; p<0.05)

Table 1. BMI, NRS, APACHE II and gender of the groups
<65 years (n=211)≥65 years (n=493)

pmean±SD  
(median)

mean±SD  
(median)

BMI 25.9±6.4 (25) 26.5±5,9 (25,8) 10.072

NRS 4.74±1.2 (5) 5±0.9 (5) 10.013*

APACHE II 22±7.2 (21) 22.6±7 (22) 10.367

Gender  n(%)

Female 85 (40.3%) 256 (51.9%) 20.005*

Male 126 (59.7%) 237 (48 %)
1Mann Whitney U; 2Ki-kare; *p<0.05
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Prealbumin and albumin levels on admission were sig-
nificantly higher in the young group compared to the 
old group (Table 4). 

There were no differences in the admission preal-
bumin, albumin, CRP levels and CRP/albumin, CRP/
prealbumin ratios in the died or survived subgroups of 
younger patients. Whereas all measured and calculated 

parameters were significantly different in the died sub-
group compared to the survived subgroup of the older 
patents (Table 5), and the hospital mortality. Elderly 
patients who died had a longer ICU stay compared to 
both the survived ones and the subgroups of younger 
age group (p<0.05).

Significant increases on outcome levels of preal-
bumin were detected compared to admission values 
in each group (p<0.05). In comparison between the 
mean levels of delta prealbumin levels of younger and 
older patient groups, the amount of increases in both 
groups were found to be statistically similar (p>0.05) 
(Table 6).

Comparing the mean delta prealbumin levels of 
dead and survived subgroups, mean increases in the 
surviving patients in both groups were significant, 
whereas the patients with bad prognosis showed al-
most no increase in prealbumin levels compared to the 
ones who survive (<65 years: 0.56±6.76 (0)mg/dl vs 
3.13±6.98 (2)mg/dl; ≥ 65 years: 0.5±4.99 (0)mg/dl vs 
1.71±4.87 (1.6) mg/dl, p= 0.000) (Table 7).The pre-
albumin levels had a slightly increasing trend in both 
groups, but the level of increase per consecutive week 
was not statistically significant (p>0.05).

From the first week to the study end point that 
was the 28th day, the prealbumin levels were always 
higher in the younger age group and the differences 
with the elderly group were statistically significant 
(p<0.05) (Figure 1).

To define prealbumin cut-off value for the 28th 
day outcome in both groups, ROC curves were ana-
lysed (Figure 2 and 3).

 
Discussion

The prevalence of malnutrition in older adults ad-
mitted to medical or surgical ICU reported from 25% 
up to 68% (15-20).

Regarding the elderly patient in the intensive care 
unit, the rate and the risks of the malnutrition combin-
ing the acute critical illness considerably increases the 
morbidity and mortality of the patients who already 
has limited organ functions as a result of the increasing 
age.That makes nutritional assessment of the geriatric 
ICU patients even more important. 

Table 2. Diagnosis on admission

Diagnosis on admision

<65years(n=211) ≥65 years(n=493)

 n (%)  n (%)

Neurological Disease 13 (6.2%) 36 (7.3%)

Respiratory Disease 79 (37.4%) 243 (49.3%)

Cardiovascular Disease 19 (9%) 23 (4,7%)

Metabolic Disease 27 (12.8%) 122(24.7%)

Trama/Postoperative 73 (34.6%) 69 (14%)
1Ki-kare test; *p<0.05

Table 3. Number of comorbidities the patients have: Most of the 
patients in the elderly group had at least two or more comorbidi-
ties, whereas the majority had one comorbidity in younger group 
(Comorbidities: Hypertension, Diabetes Mellitus, Alzheimers 
Disease, Chronic Obstructive Airway Disease, Coronary Artery 
Disease, Cerebrovascular Disease, Chronic Renal Failure, Chron-
ic Heart Failure, Malignities and Others)
Comorbidies (n)  < 65years (%) 

n=211
≥ 65 years(%) 

n=493
0 44 (20.8%) 18 (3.6%)

1 89 (42.1%) 96 (19.4%)

2 32 (15.1%) 154 (31.2%)

3 35 (16.5%) 134 (27.1%)

4 11 (5.2%) 72 (14.6%)

5 0 17 (3.4%)

6 0 2 (0.4%)

Table 4. Prealbumin and albumin values were significantly low-
er in elderly patients on admission

<65 years ≥65 years

mean±SD mean±SD p

Prealbumin 12.58±6.66 9.86±4.69 10.000*

CRP 11.27±8.18 10.39±7.36 10.165

Albumin 2.6±0.7 2.5±0.68 10.03*

CRP/Albumin (median) 4.9±4.5 (3.7) 4.6±3.8 (3.8) 20.899

CRP/Prealbumin (median) 1.5±1.9 (0.86) 1.5±1.6 (0.99) 20.234
1Student t; 2 Mann Whitney U  *p<0.05
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Prealbumin still an acceptable nutritional marker 
in ICU, so it is important to define its use in detail for 
different patients and circumstances.

Related with aging, there are some physiologi-
cal changes in the gastrointestinal tract like prolonged 
transit time, declined pancreatic secretions and insulin 
action (Insulin resistance) (21,22)

The composition of microbiota significantly cor-
raletes with fraility, co-morbidity, nutritional status, 
and markers of inflammation in the elderly (23). The 
permeability appears to remain intact (24-25).Proteo-

Table 5. All measured parameters were significantly different in elderly group who died within 28 days

28th day outcome

pDied Survived

Mean±SD Mean±SD
<65 years Prealbumin 12±7 12.8±6.49 10.403

CRP 11.77±7.9 11±8.3 10.560

Albumin 2.5±0.77 2.67±0.66 10.204

CRP/Albumin (median) 5.86±5.7 (4) 4.5±3.78 (3.4) 20.142

CRP/Prealbumin (median) 1.6±1.7 (1.2) 1.47±2 (0.8) 20.184
≥65 years Prealbumin 9±4.56 10.3±4.7 10.007*

CRP 11.68±7.67 9.7±7 10.005*

Albumin 2.3±0.57 2.6±0.71 10.000*

CRP/Albumin (median) 5.55±4.3 (4.7) 4.1±3.4 (3) 20.000*

CRP/Prealbumin (median) 1.86±2 (1.2) 1.34±1.4 (0.9) 20.001*
1Student t test; 2 Mann Whitney U Test; *p<0.05

Table 6: Increase in outcome prealbumin levels were significant 
within groups, the delta prealbumin levels (median) were found 
to be similar between groups. 

<65 years ≥65 years 

Prealbumin(mg/dl) Mean±SD Mean±SD p

Admission 12.58±6.66 9.86±4.69 10.000*

Outcome 14.9±8.18 11.15±5.4 10.000*

Delta prealbumin(median) 2.35±7 (1) 1.3±4.9 (1) 20.184

Admission-outcome 3p 0.000* 0.000*
1Student t test; 2 Mann Whitney U Test; 3Paired Samples t test; 
*p<0.05

Table 7. Surviving patients in both groups had increasing levels of prealbumin, whereas the patients with bad prognosis showed 
almost no increase

28th day outcome

pDied Survived
Age Prealbumin(mg/dl) Mean±SD Mean±SD
<65 years Admission 12±7 12.84±6.49 10.403

Outcome 12.56±7.8 15.96±8.15 10.005*

Delta prealbumin(median) 0.56±6.76 (0) 3.13±6.98 (2) 20.010*

Admission-Outcome3p 0.507 0.000*
≥65 years Admission 9±4.56 10.29±4.7 10.007*

Outcome 9.59±4.72 12±5.6 10.000*

Delta prealbumin(median) 0.5±4.99 (0) 1.7±4.87 (1.6) 20.010*

Admission-Outcome3p 0.194 0.000*
1Student t test; 2 Mann Whitney U Test; 3Paired Samples t test; *p<0.05
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lytic activity in the small intestine appears to be suffi-
cient to ensure a proper digestion of proteins. Absorp-
tion of the amino acids in the small intestine are not 
limited in the elderly but the peripheral availibility of 
amino acids could be strongly affected by an increased 
metabolic use of dietery amino acids in the gastro-
intestinal tract and the liver (26). The net balance of 
these effects of aging on plasma protein sythesis are 
not clearly understood. 

Protein energy malnutrition leads to a reduction 
of both somatic proteins of fat-free mass and of vis-
ceral proteins.

Sergi et all studied on underweight elderly pa-
tients (BMI<20 kg/m2). Along with the low muscle 
mass, underweight subjects presented reduced mean 
values of albumin and other visceral proteins. He con-

cluded that the underweight condition and low plasma 
proteins are both indexes of poor nutritional status 
enhanced in old people with sarcopenia (27).Our pa-
tients body mass indexes were similar, 18% patients in 
young and 20% patients in elderly group had BMI of 
<20%.But the admission levels of both albumin and 
prealbumin were lower in geriatric group.This is again 
the problem with the elderly and the criticaly ill, we 
did not know the actual fat and edema-free mass of the 
patients to confirm that the BMIs were actually true, 
especially in the geriatric group.

Although nutrition has been considered a very im-
portant factor regulating the albumin synthesis (28), in 
elderly, the presence of comorbid conditions has been 
considered as the most frequent cause of hypoalbu-
minemia (29). This is actually an unresolved issue, how 
much the relationship between hypoalbuminemia and 
mortality could depend either on malnutrition or on a 
condition of severe illness and comorbidities. Our el-
derly group has a high incidence of comorbidities (Ta-
ble 2) The lower levels of albumin and prealbumin in 
this group when they accepted to ICU can be explained 
by malnutrition, sarcopenia, accompanying comorbid-
ities and high inflammatory state associated with acute 
critical illness. The 28th day mortality and the lenght 
of stay in ICU were similar, but the long term hospital 
mortality was higher, this again undoubtly is the result 

Figure 1: Prealbumin trends in consecutive weeks: Increase in 
the young group was more prominent than the elderly group

Figure 2: Prealbumin cut-off value for the 28th day outcome 
in group <65 years:The area under curve is calculated as 0.624, 
SD:0.05( p=0.015; p<0.05) .Prealbumin cut-off value for 28th 
day outcome is ≤8 mg/dl.(sensitivity:36.9%,specificity:: 83.9%)

Figure 3: Prealbumin cut-off value for the 28th day outcome in 
group≥65 years:The area under curve is 0.619, SD:0.03(p=0.0005. 
p<0,05) and prealbumin cut-off value is ≤7.4 mg/dl for the old 
age group(sensitivity:37.3%, specificity: 81.3%)
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of not recovering the whole complexity of the chronic 
inflammation and organ dysfunctions in the elderly.

In the mortality prediction, CRP/albumin and 
CRP/prealbumin ratios both were significant only 
in the geriatric group. The patients who died within 
the 28th days and after had higher CRP/albumin and 
CRP/prealbumin ratios together with lower albumin 
and prealbumin levels in the elderly group but not in 
the younger group. With these findings, it is possible 
to say that if malnutrition and high inflammation is 
together in an elderly patient, a worse outcome can be 
expected. Similarly, in critically ill trauma patients, the 
combination of low albumin level and increased age 
was found to be the most predictive of infection and 
mortality (30).

The prognostic and inflammatory nutritional 
index (PINI= Orosomucoid * C-reactive protein / 
albumin*prealbumin ) was used to predict mortality in 
ICU patients (31,32). In the study of Gharsallah et all, 
this score was found to be correlated with the organ 
failure but not with the mortality. In their study, age 
again was the only significant parameter between the 
died and survived patients (32).

The positive relation with the CRP/albumin 
and CRP/prealbumin inflammation-based prognos-
tic scores and morbidity-mortality is also shown in 
patients treated with parenteral nutrition. CRP/albu-
min is found to be relevant with mortality and major 
morbidities, with CRP/prealbumin, it is also signifi-
cantly related with lenght of ICU stay and lenght of 
mechanical ventilation (33).

In a recent review on outcome prediction by nutri-
tion indicators in the critically ill reported that 6 stud-
ies out of 12 found an association between improved 
outcome and serum prealbumin levels when measured 
in the following days of ICU stay (34). Another study 
reported that slightly low concentration of prealbumin 
(<16 mg/dl) at admission is associated with increased 
lenght of stay and mortality (35). It is also stressed that 
the estimate of initial value is needed to assess prog-
nosis.

In their review, Delliere et al, proposed an algo-
rithm to help clinicians as a reference on how to use 
prealbumin as a useful parameter (14). As the inflam-
matory process causes liver synthesis priority to favor 
inflammatory proteins such as C-reactive protein and 

alpha 2 macroglobulin at the expense of prealbumin, 
it is suggested that prealbumin should be interpreted 
only if the CRP level is below 15 mg/ L and there is no 
inflammatory syndrome.

For a patient accepted to ICU, CRP levels above 
this level is a common finding, but as the acute in-
flammatory state subsides, CRP levels is expected to 
decrease and the interpretation of prealbumin levels 
can become acceptable.We therefore have included all 
the suitable patients regardless of the CRP levels on 
admission, but after the first week, the ones with CRP 
values over 15mg/L were excluded.

According to the latest recommendations, the 
level of 11 mg/dl is suggested to be the treshold for 
the the good prognosis of the ICU patient and an in-
crease of 4 mg /dl or more in prealbumin concentra-
tion per week reflects a metabolic switch to anabolism 
(14,36,37).

In our two groups of patients, the young group had 
a mean prealbumin value that is over the ICU treshold 
(12.6±6.66 mg/dl) but the geriatric group had lower 
levels (9.86±4.69 mg/dl) checked in the first 48 hours 
of admission.On outcome, both groups showed some 
increase in levels (14.9±8.18 mg/dl and 11.15±5.43 mg 
/dl). The differences in dead and survived subgroups 
were more remarkable. Similarly, the prealbumin in-
crease in young and survived patients was reached al-
most the anabolic level, but the elderly and survived 
patients showed a modest increase, (3.13±6.98 (2) vs 
1.7±4.87 (1.6), p= 0.000) (Table 6), that may suggest 
an inadequate response of the geriatric patient to nu-
trition.

We finally sub-analysed the patients who could 
be followed up for four weeks and who had prealbu-
min levels checked every consecutive week. The mean 
value of young patients on the 28th day was 15.77±6.6 
mg/dl, the value in the elderly group could reach only 
10.86±5 mg/dl (p=0,000).

The relationship between hepatic proteins like 
albumin and prealbumin and protein intake was as-
sumed with the observation of the increasing levels 
after the acute illness subsets and when the patients 
nutritional intake improved, but determining the nu-
tritional status may not be as easy as reviewing serum 
protein levels because it does not reflect the complexity 
of hepatic protein syhthesis, especially in the old (38). 
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Non-nutritional conditions as inflammatory states 
have an increased prevalance with advancing age, and 
these states may not always be clinically overt. Low 
values of albumin can be related to protein–vasting 
syndromes, hepatic disease or alterations of hydration 
state (28).

In a previous study, albumin synthesis was evalu-
ated in young and elderly subjects who received an ad-
equate protein intake (1.5 g /kg for 7 days) or a low 
protein intake (0.4 g/kg for 14 days). The fractional 
synthesis rate of the whole body albumin pool with 
adequate intake of protein was 4%/day in the young 
and 3.4%/day in the elderly. This fractional rate re-
duced significantly by giving the low-protein diet to 
the young subjects, but not reduced in the elderly. Se-
rum albumin concentration was lower in the elderly at 
both levels of protein intake; the rate of albumin syn-
thesis in the young, but not in the elderly was tought 
to be sensitive to changes in protein intake. It was sug-
gested that albumin synthesis in the elderly had been 
controlled at a lower set point, which prevented its re-
sponse to higher protein intakes (39).

We have choosen only the patients whose to-
tal calorie/protein intake was over 75% of the needs. 
Mean protein intake of both groups were calculated 
between 0.8-1 gr/kg/day.This amount is actually be-
low the recommended limits of the critically ill patient 
group ; as the current clinical practice recommenda-
tions are to give patients with mild to moderate illness 
0.8–1.2 g/kg protein per day, and to prescribe critically 
ill patients higher protein diets of 1.2–1.5 g/kg protein 
per day, that may go up to 2.5 g protein/kg/ day in the 
guidelines for critical illnesses (39-43).

However, it is currently being discussed that solu-
tions have a nonprotein energy/nitrogen ratio too high 
to provide adequate ‘protein’ without overfeeding en-
ergy in critically ill patients. Protein prescription failed 
to meet most guidelines in >50% of ICU patients re-
ceiving full enteral nutrition, when constrained to not 
overfeed (45). Our study patients usually had standart 
formulas which do not adequately account for protein 
needs . Unless protein requirements are independently 
estimated and protein supplements are used, it is hard 
to meet the protein requirements without giving excess 
energy that may itself increase net protein catabolism 
(44,45).

Older patients have a higher prevalence of renal 
dysfunction and renal failure at admission to the ICU. 
This provides an additional challenge to providing ad-
equate protein nutrition. If the patient is undergoing 
dialysis protein needs are increased (14). For those 
patients with moderately impaired renal function, 
the protein amount of 0.8 g/kg/ day is usually recom-
mended in stable conditions, while during illness, it is 
recommended to increase protein intake to 1 g/kg/ day 
to meet the higher demand (46,47).

We excluded the patients with acute renal failure 
requiring renal replacement therapies. But the patients 
with mild to moderate degree of renal dysfunction 
who did not need dialysis were included. Regarding 
the geriatric patient, in the other hand, unless renal 
functions and the renal risk of the acute critical disease 
are closely monitorised, protein load may impose an 
extra renal risk. This may be a confounding factor for 
not to achieve the target level of anabolic state of these 
group of patients in ICU, also limiting the establish-
ment of specific protein recommendations for the vari-
ous stages of critical illness in geriatric patients.

In conclusion, under the similar energy/protein 
intake, geriatric patients showed a blunted response 
for prealbumin synthesis compared to younger pa-
tients. With the same APACHE II scores and similar 
BMIs, they had a higher risk of malnutrition, lower 
prealbumin-albumin levels and higher inflammatory 
indexes which may show worse prognosis.

On the other hand, when we focus on the non-
survival subgroups of the both elderly and young 
patients, the low prealbumin-albumin levels and the 
finding of no increase in prealbumin values especially 
in these subgroups bring the discussion of these mark-
ers being indicators of morbidity and mortality, rather 
than being nutritional markers. In fact, this statement 
was currently expressed; according to the Academy of 
Nutrition’s analysis, serum proteins such as albumin 
and prealbumin are not included as defining character-
istics of malnutrition because evidence analysis shows 
that serum levels of these proteins do not change in 
response to changes in nutrient intake, they are more 
likely to have prognostic value like morbidity-mortali-
ty or recovery from acute and chronic disease (48-50).

Our study was a retrospective search of the five 
years recordings. The measurements were taken once 
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a week, not twice as recommended for a marker with 
short half life. In the light of the current suggestions 
on protein dosage for critically ill patients, our study 
may be repeated with a higher protein intake, with 
carefull follow up of the elderly group in terms of the 
renal functions.
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Effects of reproductive and sociodemographic factors on 
obesity in Turkish women: a pilot study
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Summary. Background and aim: Obesity has become a global epidemic. The current research aimed to deter-
mine sociodemographic and reproductive predictors of obesity among Turkish women. Materials and methods: 
Eligible subjects (n:833) were 40-64 years-old women living in Turkey. A questionnaire consisted of questions 
about sociodemographic and reproductive factors and the International Physical Activity Questionnaire were 
applied to participants by face to face interviews. Multivariate logistic regression examined the risk of being 
obese with a range of sociodemographic and reproductive factors. All analyses were performed with SPSS 
software (version 17.0; SPSS, Chicago, Ill., USA). Results: The mean BMI of women aged 51-64 years was 
30.59±6.35 kg/m2. After adjustments for all other variables, increased obesity risk remained significant in 
women who had two children, housewifes, minimum active ones, ex smokers and had less than high school 
education. For multiple regression analysis sociodemographic factors from the bivariate analyses were en-
tered, controlling for menarch age, menopausal age, hormone RT, parity, number of stillbirth, abortion. There 
was significant association between family income, occupation, education and BMI. Conclusion: In summary 
these findings showed comparable patterns of association of sociodemographic and reproductive factors with 
obesity in Turkey. Specific healthy lifestyle counseling is important for decreasing obesity in childbearing age 
women. 
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O r i g i n a l  a r t i c l e

Introduction

The prevalence of obesity has been increasing 
worldwide and become a major public health problem 
in the World. The increasing number of obesity and 
overweight cases in developing countries, especially 
among women, requires serious attention because of 
its effects on the health care system and the quality of 
life. Obesity, which was detected among all socioeco-
nomic and age groups in both developed and devel-
oping countries, may increase the risk of developing 
noncommunicable diseases (1).

Turkey has a population of about 76.7 million 
people with growing economy. In 2012, life expectan-

cy at birth in Turkey was 74.6 years and increased by 
3.5 years between 2000 and 2012. The prevalence and 
problem of overweight/obesity has increased signifi-
cantly in the last 2 decades in both adults and children 
(2).

In 2011, more than one-in-five adults (22%) in 
Turkey was defined as being obese (based on actual 
measures of their height and weight). This rate remains 
lower than that in the United States (35% in 2012) and 
Mexico (32% also in 2012) (3). 

Turkish Diabetes Epidemiology Study (TUR-
DEP) I and II researches done in five cities and 15 
provinces of Turkey. Between TURDEP-I (1997-
1998) and TURDEP-II (2010) surveys, average age-
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standardized BMI increased from 26.6 to 28.6 kg/m2 
(six kg in women; seven kg in men) and average waist 
increased from 87.2 to 94.5 cm  (six cm in women; 
seven cm in men) over 12 years in Turkey (4).

According to WHO report, adulthood obesity 
prevalence forecasts (2010-2030) predict that in 2020, 
44% of men and 26% of women will be obese. By 
2030, the model predicts that 51% of men and 25% of 
women will be obese (5).

Among Turkish adults, obesity is associated posi-
tively with age, female gender, hypertension, hyper-
lipidemia, diabetes, parity, smoking cessation, alcohol 
consumption, marital status, occupation, household 
income, and family history of obesity, diabetes and hy-
pertension, and negatively with the level of education, 
current smoking, and physical activity (2, 6-8).

In a survey done in the Trabzon region, among 
women, a linear association was observed between 
parity (the number of live births) and the prevalence 
of obesity and also degree of obesity. In addition BMI 
were increased with parity (9).

Therefore, this study was conducted to determine 
the both demographic and reproductive risk factors of 
obesity among Turkish women.

Materials and Methods

Study participants
Eligible subjects for the study were women 

(n:833) who were 40-64 years-old and lived in Ankara, 
Turkey. These women were recruited for the study dur-
ing the period from June to July 2015. This study was 
approved by Baskent University Institutional Review 
Board and written informed consent was taken from 
all subjects prior to study entry.

Questionnaire
A questionnaire which included age, marital and 

smoking status, household income, occupation, edu-
cation, living arrangement, menarch and menauposal 
age, parity, hormone replacement therapy, number of 
stillbirth and abortion as sociodemographic and repro-
ductive characteristics was administered by face to face 
interview method. 

2.3 Physical Activity Level
Physical activity level was determined using 

the short form of the International Physical Activ-
ity Questionnaire (IPAQ). IPAQ was developed by a 
group of experts in the late 1990s by a multinational 
working group, supported by the WHO, in order to 
assess PA cross-nationally in adults aged 18-65 years. 
Four long (31-item) and four short (9-item) question-
naire versions have been designed, which can be self-
administered or answered by telephone interview.  The 
recall period used by all long and short IPAQ formats 
is either the last seven days or a “usual week”. IPAQ 
instruments have been tested in both developed and 
developing countries and have demonstrated good re-
liability and acceptable validity properties, at least as 
good as other self-answered PAQs. The IPAQ com-
mittee suggests that the IPAQ-short, last seven days 
(last 7-d) version, is the format of preference for both 
national and internationally comparable prevalence 
studies. Following the published work by Craig et 
al.(10), the self-answered, last 7-d, IPAQ-short, has 
been very popular and many studies during the last six 
years have examined its reliability and validity proper-
ties. Turkish population reliability and validity of this 
questionnaire was determined by Öztürk in 2005(11). 
The participants physical activiy levels were catego-
rized as 1)vigorous, 2)moderate intensity and 3)walk-
ing activities lasting for at least 10 minutes.

Body Mass Index (BMI)
Weight was measured to the nearest 0.1 kilogram 

using a balance-beam scale with subjects wearing light 
clothing and no shoes. Standing height was measured 
with a fixed stadiometer calibrated in centimeters. 
Body mass index (BMI) was calculated as the weight 
in kilogram (kg) divided by the square of the height in 
meters. According to the World Health Organization 
guidelines, BMI 18.5 to 25 kg/m2 as normal and BMI 
≥30 kg/m2 as obese.

Statistical Analyses
The analysis of BMI data according to sociodemo-

graphic characteristics, smoking and reproductive vari-
able are presented as mean±standard deviation (SD). 
The normality of the distribution of data was evalu-
ated by the one sample Kolmogorov-Smirnov test. 
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Mean Differences between groups were determined 
using independent Student’s t-test or Analysis of vari-
ance (ANOVA -F- test), as appropriate, followed by 
Tukey’s post-hoc analysis. The univariate and multiple 
logistic regressions were performed to identify the ef-
fect of factors that are associated with obesity. The dif-
ferent logistic models (model 1 and model 2) were de-
signed for reproductive and sociodemographic factors. 
The odds ratios (OR) are presented together with 95% 
CIs. Confidence intervals that do not include the value 
‘‘1’’ are regarded as having statistical value. According 
to the given reference categories, CIs with values that 
include the value ‘‘1’’ are deemed not to be significant. 
The study data were analyzed using SPSS version 17.0 
(SPSS, Chicago, IL, USA). Statistical significance was 
set at p < 0.05.

Results

The mean BMI of the Turkish women by some 
sociodemographic and reproductive characteristics are 
described in Table 1. The mean BMI was greater in 
women who had higher parity, abortus and stillbirth 
number, were housewives, older, had low education 
level and family income, both ex-smokers, non-smok-
ers, actives and inactives. These differences were statis-
tically significant (p<0.05). The mean BMI of wom-
en aged between 51-64 years and 40-50 years, were 
30.5±6.35 kg/m2 and 28.7±6.72 kg/m2, respectively. 

Table 2 shows the odds ratios (OR) for the associa-
tion of obesity with some sociodemographic and repro-
ductive factors. Menarch and menaupose age, received 
hormone replacement therapy, living arrangement and 
marrital status were not associated with obesity. 

51-64 year-old Turkish women were more likely 
to be obese than 40-50 year-old [OR 1.88; 95% con-
fidence intervals (CI) 1.42-2.49]. The risk of obesity 
increased with parity. Women who have more than 3 
children were 8.8 times more likely to be obese com-
pared with never childbirth women (p<0.05). Women 
who had at least one stillbirth or abortus had higher 
BMI besides 1.6 and 1.8 times more obesity risk than 
who do not stillbirth, respectively (p<0.05). It was 
found that obesity risk increased with higher income 
and education level. People with income level below 

the poverty threshold had increased risk of obesity 
[OR 2.20; 95% confidence intervals (CI) 1.61-3.01]. 
Housewives had 6.5 times higher obesity risk than 
working women. Women with less than high school 
education level had 10.5 times higher obesity risk com-
pared with at least high school level.  Both ex-smokers 
and smokers had almost 2.4 times higher obesity risk 
than non-smokers. Obesity risk was higher for inactive 
women than active ones [OR 2.41; 95% confidence in-
tervals (CI) 1.81-3.22]. After adjustments for all other 
variables, increased obesity risk remained significant in 
women who had two children, housewifes, minimum 
active ones, ex smokers and had less than high school 
education (p<0.05). 

Further adjustments were made for potentially 
confounding variables in two different models (Table 
3). In the model 1 for multiple regression analysis soci-
odemographic factors from the bivariate analyses were 
entered, controlling for menarch age, menopausal age, 
hormone RT, parity, number of stillbirth, abortion. 
There was significant association between BMI and 
family income (OR 1.58; 95% CI 1.02-2.46), occu-
pation (OR 5.46; 95% CI 3.47-8.59), education (OR 
9.67; 95% CI 5.63-16.61). 

In the model 2 reproductive factors from the 
bivariate analyses were entered, controlling for age, 
family income, marrital status, occupation, education, 
living arrangement. The model 2 showed a significant 
relationship between BMI and number of children 
[(parity: 2; OR 1.90; 95% CI 1.08-3.33 and ≥3; OR 
2.57; 95% CI 1.35-4.90)] and abortion [(≥1 (OR 1.62; 
95% CI 1.16-2.26)] (Table 3). 

Discussion

Obesity is an increasing problem globally and it 
may cause many adverse effects on health. The preva-
lence of obesity in women has increased in the world. 
According to the National Health and Nutrition Ex-
amination Survey (NHANES), approximately 62% 
of American women greater than 20 years of age are 
overweight. If current trends continue, 58% of Ameri-
can adult women will be obese by 2030. In accordance 
with Turkish Adult Risk Factor Study (TEKHARF), 
the prevalance of obesity were 44.2% for women (12). 
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Table 1. Mean BMI* among Turkish women corresponding to selected risk factors

 BMI (kg/m2)
Risk factors n Min-Max Mean  SD t or F test p value

Age (years)      
40-50  545 18.40-54.30 28.77 6.72 
51-64 764 16.53-49.13 30.59 6.35 -3.95 0.000 
Menarch age (years)      
≤13 772 16.53-54.30 29.81 6.61 
14 281 18.60-49.13 29.91 6.00  
15 158 18.78-46.33 29.61 6.81 0.07 0.978 
≥16 98 18.02-43.29 30.03 7.51  
Menopausal age (years)      
≤45 275 18.70-46.40 30.58 6.67 
46-50 356 19.33-49.13 30.98 6.10 1.01 0.368 
≥51 213 16.53-42.86 29.99 6.41  
Hormone RT*      
No 1157 16.53-54.30 29.72 6.57 
Yes 152 18.70-47.00 30.54 6.54 1.20 0.230 
Parity       
0 146 18.02-45.35 26.82a 6.15 
1 196 16.53-43.28 26.43a 6.51  
2 589 18.60-49.13 29.76b 6.51 39.56 0.000 
≥3 378 19.90-54.30 32.73c 5.41  
Number of stillbirth      
0 1164 16.53-54.30 29.59 6.52 
≥1 145 19.60-47.00 31.60 6.65 -2.86 0.004 
Abortion      
0 667 18.02-46.33 28.71 6.39 
≥1 642 16.53-54.30 30.94 6.55 -4.97 0.000 
Family income      
Above poverty line 882 18.02-54.30 28.93 6.43 
Poverty line 427 16.53-47.00 31.67 6.45 5.76 0.000 
Marrital status      
Married 993 16.53-54.30 30.02 6.49 
Non-married 316 18.02-49.13 29.26 6.75 1.47 0.143 
Occupation      
Employed 663 16.53-47.00 27.01 5.96 
Housewife 646 18.73-54.30 32.54 5.95 13.36 0.000 
Education      
≥High-school  767 16.53-49.13 26.97 5.97 
<High school 542 18.60-54.30 33.33 5.49 15.97 0.000 
Smoking status      
Non-smoker 764 18.02-46.40 30.30a 6.22 
Ex-smoker 190 16.53-49.13 31.06a 6.79 10.42 0.000 
Smoker 355 18.40-54.30 28.18b 6.93  
Living arrangement      
Co-habitating 1218 16.53-54.30 29.82 6.57 
Alone 91 18.02-41.50 29.83 6.48 0.01 0.992 
IPAQ*      
Active 45 19.60-47.01 31.09a 7.48 
Minimum Active 517 16.50-44.42 27.94b 6.23 23.26 0.000 
Inactive 720 18.61-54.30 31.08a 6.40  
*BMI: Body Mass Index, RT: Replacement Therapy, IPAQ: International Physical Activity Questionnaire
Values with different superscript letters are statistically significantly different (p<0.05).
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Table 2. Univariate logistic regression of risk factors for obesity (BMI ≥ 30 kg/m2) in Turkish women

  Unadjusted   Adjusted
Risk factors n OR (95% CI) p OR (95% CI) p

Age (years)     
40-50 351 1.0§  1.0 
51-64 482 1.88 (1.42-2.49) 0.000* 0.82 (0.41-1.66) 0.595
Menarch age (years)     
≤13 493 1.0  1.0 
14 179 1.16 (0.81-1.65) 0.407 0.96 (0.52-1.78) 0.900
15 101 0.97 (0.63-1.51) 0.910 1.04 (0.48-2.25) 0.911
≥16 60 0.91 (0.52-1.56) 0.726 0.89 (0.34-2.35) 0.826
Menopausal age (years)     
≤45 182 1.0  1.0 
46-50 223 1.26 (0.83-1.92) 0.266 1.18 (0.68-2.05) 0.552
≥51 131 0.90 (0.56-1.43) 0.657 0.80 (0.42-1.52) 0.504
Hormone RT**     
No 727 1.0   1.0 
Yes 106 1.31 (0.85-2.01) 0.214 0.89 (0.46-1.72) 0.750
Parity     
0 100 1.0  1.0 
1 124 0.87 (0.50-1.52) 0.646 0.82 (0.32-2.10) 0.687
2 353 2.49 (1.57-3.94) 0.000* 2.43 (1.05-5.61) 0.037*
≥3 256 8.81 (5.21-14.86) 0.000* 2.16 (0.84-5.57) 0.109
Number of stillbirth     
0 735 1.0  1.0 
≥1 98 1.62 (1.03-2.56) 0.036* 0.95 (0.47-1.89) 0.887
Abortion     
0 417 1.0  1.0 
≥1 416 1.83 (1.38-2.43) 0.000* 1.62 (0.99-2.63) 0.052
Family income     
Above poverty line 560 1.0  1.0 
Poverty line 273 2.21 (1.61-3.01) 0.000* 0.81 (0.47-1.41) 0.470
Marrital status     
Married 615 1.0  1.0 
Non-married 218 0.76 (0.55-1.04) 0.083 1.42 (0.75-2.68) 0.271
Occupation     
Employed 409 1.0  1.0 
Housewife 423 6.56 (4.81-8.96) 0.000* 2.84 (1.61-5.01) 0.000*

Education     
≥High-school  459 1.0  1.0 
<High school 374 10.47 (7.37-14.86) 0.000* 4.95 (2.58-9.51) 0.000*

Smoking status     
Non-smoker 503 1.0  1.0 
Ex-smoker 105 2.43 (1.51-3.94) 0.000* 0.45 (0.25-0.81) 0.008*
Smoker 225 2.38 (1.73-3.29) 0.000* 1.29 (0.67-2.48) 0.431
Living arrangement     
Co-habitating 779 1.0  1.0 
Alone 54 0.98 (0.56-1.73) 0.965 1.16 (0.43-3.08) 0.765
IPAQ     
Active 32 1.0  1.0 
Minimum Active 316 1.72 (0.83-3.54) 0.145 5.50 (1.54-19.58) 0.008*

Inactive 468 0.69 (0.33-1.43) 0.312 1.97 (0.55-7.05) 0.297
OR: Odds Ratio, CI: Confidence Interval, *p<0.05, §Reference Group **BMI: Body Mass Index, RT: Replacement Therapy, IPAQ: Inter-
national Physical Activity Questionnaire
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Table 3. Multiple logistic regression coefficients of risk factors for obesity (BMI ≥ 30 kg/m2) in Turkish women

Risk factors Adjusted OR  95% CI p

Model 1   

Age (years)   
40-50 1.0§  
51-64 0.97 0.55-1.74 0.942

Family income   
Above poverty line 1.0  
Poverty line 1.58 1.02-2.46 0.040*

Marrital status   
Married 1.0  
Non-married 1.18 0.73-1.90 0.493

Occupation   
Employed 1.0  
Housewife 5.46 3.47-8.59 0.000*

Education   
≥ High-school  1.0  
< High school 9.67 5.63-16.61 0.000*

Living arrangement   
Co-habitating 1.0  
Alone 1.33 0.63-2.81 0.452

Model 2   

Menarch age (years)   
≤13 1.0  
14 0.88 0.58-1.34 0.567
15 0.71 0.41-1.22 0.222
≥16 0.59 0.30-1.16 0.129

Menopausal age (years)   
≤45 1.0  
46-50 1.12 0.68-1.84 0.652
≥51 0.88 0.49-1.56 0.669

Hormone RT   
No 1.0  
Yes 0.64 0.39-1.04 0.075

Parity   
0 1.0  
1 0.99 0.52-1.87 0.985
2 1.90 1.08-3.33 0.024*
≥3 2.57 1.35-4.90 0.004*

Number of stillbirth   
0 1.0  
≥1 1.10 0.63-1.89 0.733

Abortion   
0 1.0  
≥1 1.62 1.16-2.26 0.004*

§ Reference Group; *p<0.05 
Model 1: adjusted for menarch age, menopausal age, hormone RT, parity, number of stillbirth, abortion  
Model 2: adjusted for age, family income, marrital status, occupation, education, living arrangement
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In the Turkish Epidemiology Survey of Diabetes, Hy-
pertension, Obesity and Endocrine Disease (TUR-
DEP-II) study which investigated the prevalence of 
obesity, 12-year obesity rise among women has been 
identified as 34% according to TURDEP 1(13). The 
average BMI of Turkish adults was 28.9±6.4 kg/m2 as 
stated in Turkey Nutrition and Health Survey (14). 

Women obesity is associated with increased risk 
of hypertension, metabolic syndrome, insulin resist-
ance, dyslipidemia, systemic inflammation, cardio-
vascular disease, sleep apnea, polycystic ovarian syn-
drome, stroke, and mortality, various gender-spesific, 
colon and kidney cancers (15).

Multiple factors can account for obesity. Thus in 
this study the obesity risk factors for women was in-
vestigated and we found that some reproductive and 
sociodemographic factors, especially family income, 
parity, abortion, education contribute obesity among 
women aged 40-64 years in Turkey. 

In the present study the mean BMI of 40-50 years 
and 51-64 years of women were 28.77±6.72 kg/m2 and 
30.59±6.35 kg/m2, respectively (Table 1). 51-64 years 
old Turkish women were more likely to be obese than 
others and this group had 1.88 times higher obesity 
risk (95% CI 1.42-2.49) (Table 2). However this as-
sociation was attenuated with adjustments in multi-
ple logistic regression analyses (p>0.05) (Table 3). 
Weight gain increases with age for instance Wen et 
al. (7) found strongest association of age with obesity 
and obesity prevalance was highest among the women 
with 51-55 years of age. 

The prevalence of overweight and obesity differs 
by marital status. The results of studies about marriage 
and weight gain are contradictory (16). A recent study 
indicated that non-married women were at increased 
risk overweight and obesity (17). While another study 
showed that entering marriage is associated with 
weight gain, particularly among women (18). In this 
study, non-married women had higher obesity risk 
than married women, but this risk wasn’t statistically 
significant (p>0.05) (Table 2 and 3). 

Education levels were strongly related to body 
weight in women. According to Turkey Nutrition 
and Health Survey (TNHS-2010), the average body 
weight of women decreased while education increased 
(14). Moreover the obesity prevalance was 18.4% in 

women with more than high school education whereas 
54.2% in illiterate women. In a study conducted by 
Wardle et al. (19) stated that women with less edu-
cation are at higher risk for obesity. A significant in-
verse association between educational level and BMI 
for women was found in the WHO MONICA Pro-
ject in common with our study (20). After adjusted for 
reproductive factors (menarch age, menopausal age, 
hormone RT, parity, number of stillbirth, abortion), 
women who had less than high school education had 
9.67 times higher obesity risk than who had at least 
high school education (Table 3).  

In this study, the prevalence of obesity was con-
spicuously higher in housewife group. In the multiple 
logistic regression model adjusted for reproductive 
factors, housewifes had 5.46 times higher obesity risk 
than employed women (p<0.05). The occupational ac-
tivity was thought to be the most potent factor protect-
ing women against getting obese. Employed women 
might have more occupational walking activity (21). 
Housewives generally have less time to care about 
their health based on homemaking duties. Women’s 
social participation has recently increased the number 
of working housewives, resulting in changes in dietary 
patterns. Changes in the dietary intake of housewives, 
along with decreases in physical activity, have led to 
the social problem of obesity (22).

Obesity rates are greater in high-income countries 
than middle and low income countries (23). Accord-
ing to Turkey Statistical Institute-Income and Living 
Conditions Survey, population below the poverty line 
was 15% of Turkish adults (24). Furthermore Erem et 
al. reported that there was a significant association be-
tween household income and prevalence of obesity in 
Trabzon, North side of Turkey (9). 

The link between poverty and obesity may be 
complicated because of confounding factors especial-
ly physical activity status. In the previous study it is 
stated that low income women may be experiencing 
lower levels of physical activity (25). Thus we did ad-
justments for all other factors before investigated the 
association between income status and obesity, the re-
lationship was not significant (p>0.05). However after 
adjustment for reproductive factors, women with low 
income (below the poverty line) had increased risk of 
obesity (p<0.05). 
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Sedentariness is associated with poor health, 
obesity, diabetes, other metabolic diseases, and pre-
mature death (5). In this research, according to IPAQ 
subgroups, minimum active and inactive women had 
higher obesity risk however after adjustment for other 
confounding factors minimum active women had sig-
nificantly higher obesity risk than active ones. 

The mechanism of weight gain after smoking 
cessation includes increased energy intake, decrease 
resting metabolic rate and physical activity, increased 
lipoprotein lipase activity (27). Consistent with the 
previous study (26), after adjustments for other con-
founding factors ex-smokers had significantly higher 
obesity risk than non-smokers in this study (Table 2). 

Even adjusted for reproductive factors (menarch 
age, menopausal age, hormone RT, parity, number of 
stillbirth, abortion), income, occupation and education 
were associated with women obesity in the multivari-
ate model (Table 3).

The average menopausal age of Turkish women 
was 46.4±1.9 years (27). Palacios et al. (28), observed 
the average menapausal age across the world: in Eu-
rope, it ranged from 50.1 to 52.8 years; in North 
America, it ranged from 50.5 to 51.4 years; in Latin 
America, it ranged from 43.8 to 53.0 years; and in 
Asia, it ranged from 42.1 to 49.5 years (29).

Menarche and menopausal age, hormone replace-
ment therapy usage and number of stillbirth after ad-
justing for demographic factors (age, family income, 
marrital status, occupation, education, living arrange-
ment) were not a strong predictor of obesity and were 
not significant in the multivariate model. However 
abortion and parity were strong predictors of obesity in 
this model (Table 3). Similar to our study, Bastian et al. 
(30) found that, in comparison to the reference group 
of no live births, increasing number of children were 
associated with higher rates of obesity in older women 
and that was independent of sociodemographic and 
other confounding factors.  

There are some limitations of this study. The pri-
mary concern is the number of our study population 
may not be enough. Inclusion of more women in our 
study could make our data be true representative of 
the general population. The BMI is an usually valid 
method used for the evaluation of obesity. But the util-
ity of BMI as an indicator of obesity may have limited 

our study’s power to detect significant associations. 
Hence, BMI hasn’t been found to be a reliable meas-
ure of obesity, it would be better if the body analyses of 
participants have examined. 

In summary, these findings showed compara-
ble patterns of association of sociodemographic and 
reproductive factors with obesity in Turkish women. 
Prevention of obesity among multiparous women may 
have a significant public health impact. Specific coun-
seling such as promoting physical activity, healthy eat-
ing, and the maintenance of appropriate body weight 
is important for childbearing age women. 
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Summary. Objective: This study aimed to determine consumption of fruit and vegetable (F&V) among last 
grade medical students who will have important roles in community nutrition and health. Material methods: 
This cross-sectional study was conducted on 246 last grade students of Erciyes University School of Medicine 
(Kayseri, Central Anatolian, Turkey) at 2014-2015 academic terms in June and July 2015.We examined gen-
der, accommodation, marital status, family type, number of individuals living together, homeland, weight and 
socioeconomic status, number of meals, having regular snacks, eating away from home, water intake, tobacco 
and alcohol using, regular physical activity. Weight and height was measured and BMI was calculated. Main 
outcome measure was the intake of F&V by WHO recommendations. Percentage values were used for quali-
tative data. Comparisons between eating and health habits and adequacy of F&V intake were analyzed using 
chi-square test. Results: Only 38.6 % of students consumed adequate F&V. Rate of adequate F&V intake was 
higher in students who had regular snacks, ate away from home less than once a week, used no tobacco and 
lived not alone. Conclusions and Implications: The adequate consumption of F&V among last grade medical 
students’ was low. Knowledge and behaviors of last grade medical students about F&V consumption must be 
improved. 
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O r i g i n a l  a r t i c l e

Introduction 

Foods provides not only macro and micro nutri-
ents needed for life but also other  bioactive compounds 
such as antioxidants (carotenoids and vitamins C and 
E) which have beneficial effects for health promotion 
and disease prevention (1). The lack of antioxidants is 
a risk factor for cardiovascular diseases and malignant 
tumors (2). Consuming adequate amount of fruits and 
vegetables (F&V) protects overall health and is associ-
ated with a reduced risk of cardiovascular disease and 
certain cancers (3). F&V are the sources of fiber, vi-
tamins, minerals, and phytochemicals. Vitamins, min-

erals and phytochemicals have important antioxidant 
and anti-inflammatory roles in metabolism (4). 

As a result healthy nutrition behavior with in-
creased intake of plant-based foods plays important 
roles in the prevention of chronic diseases, such as 
coronary heart disease, certain types of cancer, stroke 
and type II diabetes (5-8). World Health Organiza-
tion (WHO) proposes eating at least 400 g, or five 
portions of fruits and vegetables per day to reduce the 
risk of chronic diseases (9). 

Lock et al. (10) reported that increasing individ-
ual fruit and vegetable intake to up to 600 g per day 
could reduce the total worldwide burden of disease by 
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1.8 %, and reduce the burden of ischemic heart disease 
and ischemic stroke by 31 % and 19 % respectively. 
Moreover they estimated the potential reductions for 
stomach, esophageal, lung and colorectal cancer 19 %, 
20 %, 12 % and 2 %, respectively.

Universities and particularly medical students 
have important roles in developing a healthy lifestyle 
and promoting nutrition education in the community 
(11-12). Having less knowledge about healthy nutri-
tion could affect the students’ general health condi-
tions (12). On the other side, messages given by doc-
tors in the care and management of chronic diseases 
related to nutrition are very important and last grade 
medical students are expected to do this after a short 
time. So they must be well-educated to give the right 
messages and to be the right roll-models in the com-
munity (12-13). To our literature review there is lim-
ited data on F&V intake of medical students (14). The 
aim of this study was to determine intake of F&V and 
related factors among the last grade medical students 
who will have important roles in community nutrition 
and health after a short time.

Material and Methods

Study Design and Sampling
This cross-sectional study was conducted on 246 

last grade students of Erciyes University School of 
Medicine (Kayseri, Central Anatolian, Turkey) at 2014-
2015 academic terms in June and July 2015. The target 
population of the study was 257 students attending the 
last grade and all target population was planned to be 
recruited to the study. But 11 students were excluded 
from the study because of absenteeism to school. For the 
study, ethical approval from Erciyes University Medical 
Faculty Ethics Committee (Erciyes University Ethical 
Committee approval no: 2015/362) and official permis-
sion from deanery of Erciyes University Medical Fac-
ulty were provided and the procedures followed were 
in accordance with the Helsinki Declaration. All of the 
participants provided informed consent.

Data Collection
The questionnaire consisting of 30 questions pre-

pared by the researcher based on literature; 8 of the 

questions were about sociodemographic characteris-
tics (age, gender, marital status, family type, number 
of individuals living together, homeland, accommoda-
tion and socioeconomic status) and 22 of them were 
about their dietary habits. The questionnaire was filled 
out by the students at the clinics. Body weight and 
height was measured with calibrated scale and stadi-
ometers (Seca 769, Hamburg, Germany) in clinics. 
Based on body weight and height measurements BMI 
values calculated and classified as underweight (BMI 
<18,5 kg/m2), normal weight (BMI 18,5-24,9 kg/m2), 
overweight (BMI 25,0-29,9 kg/m2) and obese (BMI 
≥30,0 kg/m2) according to World Health Organiza-
tion (WHO) criteria (15). In addition, the amounts 
and kinds of F&V they consumed in 24 hours were 
asked to the students.  The evaluation of F&V por-
tions; a medium-sized fruit, or 3 or 4 of berries and 80 
g vegetables has been recognized as one portion. The 
evaluation of adequacy F&V intake; 5 or more por-
tions of F&V per day considered adequate, less than 
five portions considered inadequate (9).

Statistical Analyses
Data were analyzed using SPSS 16.0 (Statistical 

Package for the Social Sciences, SPSS Inc. Chicago, 
USA) software under the supervision of academicians 
from Erciyes University, Faculty of Medicine, Depart-
ment of Biostatistics and Medical Informatics. Data 
was tested with Shapiro-Wilk test for normal distri-
bution. Percentage values were used for sociodemo-
graphic characteristics. Comparisons between eating 
and health habits and adequacy of F&V intake were 
analyzed using the chi-square test. Values were consid-
ered significant at P < .05.

Results

Of the participating students 50.8 % were males, 
with mean age of 24.6 ± 1.7 years. Sociodemographic 
characteristics of the students are presented at Table 1. 

Only 38.6 % of the students consumed adequate 
F&V while 7.7 % of them consumed neither fruit nor 
vegetable based in the last 24 hours before the ques-
tionnaire was performed. A quarter of the students 
(25.2 %) did not consume any fruit and 15.0 % of them 
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did not consume any vegetable. The mean portions of 
F&V are shown at the Table 2. 

49.1 % of the group was having regular snacks per 
day.  Mostly preferred snack group was consisted of 
chocolate, biscuits, candies (78.5 %) and fruit prefer-
ence rate was 19.1 %. Half of the students ate away 
from home at least once a week and while eating out 
mostly preferred meals were; fast-food (48.4 %) and 
kebab, pide (44.3 %).  Rate of students consuming 
fewer than 3 meals a day were 17.5 %.

The most known chronic diseases associated with 
inadequate F&V consumption among the students were 
cancer (29.6 %) and cardiovascular diseases (29.4 %).
The mean BMI of the group was 23.08 ± 3.50 kg/m2.  

Most of the students (70.7 %) had normal weight. 
The rates of inadequate F&V intake in males and 

females were similar (61.2 % and 61.6 % respectively). 
There was no significant relation between F&V intake 
and BMI categories. Likewise there was no significant 
relation between F&V intake and number of meals per 
day, water intake, alcohol using and regular physical 
activity.  The rate of adequate F&V intake was sig-
nificantly higher among the students having regular 
snacks per day and eating away from home at least 
once a week (P < .05). Also the rate of adequate F&V 
intake was significantly lower among tobacco user and 
living alone students (P < .05) (Table 3). 

Table 4 summarizes declared barriers for F&V in-
take by the students. The remarkable barriers to F&V 
intake were “It is difficult to keep F&V” (45.5 %) and 
“It takes time to prepare vegetable meal” (45.5 %).
We also analyzed the students’ own opinions about 
their daily F&V intake (Table 5).  

Discussions

The current study examined intake of F&V among 
the last grade medical students using a cross-sectional 
design and to the best of our knowledge this is the 
first study about the last grade medical students’ F&V 
intake. 

We found out the mean portion of F&V intake 
was 4.10 ± 2.90 per day among the last grade medical 
students. A cross-sectional study which recruited 18-
25 years aged 960 female university students reported 
that the mean portion of F&V intake was 3.21 ± 2.65 
of the students (16). Another study from Turkey which 
recruited seven universities’ students stated that F&V 
intake per day was 3.67 ± 1.81 (17). As our study con-
sisted only medical students, the mean portion of F&V 
intake was higher as expected. 

We found out 38.6 % of the students consumed ≥ 
5 F&V portions daily as recommended by WHO. In 
the USA 7.9 % of college and university students re-
ported that they ≥ 5 F&V portions daily (18). A study 

Table 1. Sociodemographic characteristics of the students.
Sociodemographic characteristics n (246) %
Gender
Male 121 49.2
Female 125 50.8
Marital status
Single 235 95.5
Married 11 4.5
Number of individuals living together
Alone 23 4.1
2-3 29 46.3
>3 194 49.6
Homeland 
Marmara region 3 1.2
Aegean region 11 4.5
Mediterranean region 43 17.5
Central Anatolian region 131 53.3
Eastern Anatolian region 27 11.0
Southeastern Anatolian region 11 4.5
Black sea region 14 5.6
Foreign national 6 2.4
Accommodation 
Dormitory 14 5.7
Home 232 94.3
Self-reported economic status
Poor 4 1.5
Middle 118 48.0
Good 124 50.5

Table 2. The mean portions of F&V consumption
Features of F&V intake Mean ± SD
Fruit consumption 1.67 ± 1.58
Vegetable consumption 2.71 ± 2.26
F&V consumption 4.10 ± 2.90
Variety of consumed fruit 1.40 ± 1.13
Variety of consumed vegetable 2.15 ± 1.60
Variety of consumed F&V 3.50 ± 2.21
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designed at 7 universities at United Kingdom this rate 
was 14.0 % (19). In Germany only about 5.0 % of the 
first grade university students reported that their F&V 
intake were ≥ 5 portions (20). In another study aiming 
to compare the eating habits of 1st and 3rd grade medi-
cal school students, the first and third year students 
rates of having adequate F&V consumption were 16.5 
% and 10.5 % respectively (21). The rate of adequate 
F&V consumption at our study was higher than the 
others’. This difference was probably due to the fact 
that our study group was educated about the subject.

Our study showed the rates of adequate F&V in-
take in males (38.4 %) and females (38.8 %) were simi-
lar (P > .05). Parallel results to our study from Brazil 
which recruited 5000 adults reported adequate F&V 
intake were 12.8 % (95 % CI: 11.0-13.9) in males, and 
13.9 % (95 % CI: 13.0-15.0) in females (P < .05) (22).  

Table 3. Comparison of students some characteristics with their 
sufficient fruit and vegetable situation

F&V Intake
Inadequate Adequate

n % n %
Gender
Male 74 61.2 47 38.8
Female 77 61.6 48 38.4
X2=0.005  P= .943
Self-reported economic status
Poor 2  50.0 2 50.0
Moderate 70 59.3  48 40.7
Good 79 63.7 45 36.3
X2=0.713   P= .700      
Accommodation
Dormitory 9 64.3 5 35.7
Home 142 61.2 90  38.8
X2=0.053  P= .818
Number of individuals living together
Alone 19 82.6 4  17.4
2-3 14 48.3 15 51.7
>3 118 60.8 76 39.2
X2=6.499  P= .039*
Weight status
Underweight 8 57.1 6 42.9
Normal 107 62.2 67 37.8
Overweight 32 62.7 19 37.3
Obese 4 50.0 3 50.0
X2=0.513  P= .916
Number of meals per day
<3 25 16.6 18 18.9
3 111 73.5 67 70.5
>3 15 9.9 10 10.5
X2= 0.283 P= .868
Having regular snacks per day
Yes 66 54.5 55 45.5
No 85 68.0 40 32.0
X2= 4.695 P= .036*
Eating away from home
At least once a week 84 68.3 39 31.7
Less frequently 67 54.5 56 45.5
X2= 4.956 P= .026*
Water intake
Adequate (> 8 glasses) 122 64.2 68 35.8
Inadequate (< 8 glasses) 29 51.8 27 48.2
X2=2.817  P= .118
Tobacco using
Yes 32 76.2 10 23.8
No 119 58.3 85 41.7
X2=4.685  P= .036*
Alcohol using 
Yes 28 62.2 17 37.8
No 123 61.2 78 38.8
X2=0.016  P= .898
Regular physical activity
Yes 14 51.9 13 48.1
No 137 62.6 82 37.4
X2=1.162  P= .281
Homeland
Aegean, Marmara and Mediterranean regions 36 63.2 21 36.8
Other regions 115 60.8 74 39.2
X2=0.099  P= .877

Table 4. Defined barriers to F&V intake
Barriers to F&V intake* n %
It is difficult to keep F&V 112 45.5
It takes time to prepare vegetable meal 112 45.5
Vegetable meals are not satisfying 97 39.4
It is difficult to obtain F&V 89 36.2
Others living with do not like vegetable meal 60 24.4
Do not like vegetables 47 19.1
F&V are expensive 33 13.4
Do not like fruit 24 9.8
Having indigestion problems when eat vegetable 11 4.5
Having indigestion problems when eat fruit 11 4.5
*Multiple choices

Table 5. Students’ opinions about their F&V intake

F&V intake
Inadequate Adequate
n % n %

Students’ opinions about their F&V intake
Adequate 21 28.8 52 71.2
Inadequate 130 75.1 43 24.9
X2=46.582       P ≤ .001*
Students’ opinions about their F&V intake in future
Increase 109 71.2 44 28.8
Decrease 2 40 3 60
No chance 40 45.5 48 54.5
X2=16.657       P ≤ .001*
Total 151 61.4 95 38.6
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Although there were opposite results (23), most 
of the studies in the literature showed females’ F&V 
intake were more than males’ F&V intake (17, 19). Re-
search from seven universities in the UK showed that 
16.5 % females and 11.3 % males ate ≥ 5 F&V portions 
daily (19). Also another study from Turkey reported 
that female university students were more likely to eat 
F&V (17). As our sample had nutrition education the 
gender differences could be eliminated.

Turkey consists of seven geographical regions 
with different cultural characteristics. Eating habits 
also differ among these geographical regions. Among 
Marmara, Aegean and Mediterranean regions vegeta-
ble consumption is more common (24). We compared 
the students coming from these three regions F&V 
consumption with the others. There was no significant 
difference between the fruit and vegetable consump-
tion of the students from these three regions compared 
to the students from other regions.Top of Form

We found no significant relation between F&V 
intake and BMI categories. But a recent study in over-
weight individuals found that a two-fold increase in 
F&V intake for 16 weeks significantly decreased BMI 
(25). There were opposite results to our study in Serbian 
National Health Survey 2013 which recruits 12.461 
adults reported that frequency of fruit consumption 
was significantly related to all BMI categories in men 
and to underweight in women, and the number of daily 
fruit portions was related only to underweight and over-
weight in women; vegetable consumption frequency was 
significantly associated with underweight and normal 
weight in men, while number of vegetable portions was 
significantly associated with normal weight in men (26). 

The majority of our study group had normal weight and 
this may have caused a limitation in assessing the rela-
tionship between F&V consumption and weight.

We found out the students who ate away from 
home less than once a week had significantly higher 
rate of adequate F&V intake (P < .05). Similar to our 
study; there was a negative association between fre-
quency of FAFH (foods prepared away from home) 
and F&V intake. (43.1 % versus 54.0 % eating out 
0-1 meal per week, respectively) (27) The Household 
Income and Labor Dynamics in Australia (HILDA) 
survey revealed time scarcity reduced to consume F&V, 
eat away from home more, and eat more discretionary 

calories like foods high in salt, sugar or fat (29). Eat-
ing out may be tempted for the students as it is easy, 
quick or delicious but it seems to be a serious barrier 
to intake F&V.
The current study found the remarkable barriers to 
F&V intake were “It is difficult to keep F&V” (45.5 %) 
and “It takes time to prepare vegetable meal” (45.5 %).  
Another study suggested that storage difficulties may 
impact consumption (28). 

Snacks may be a chance for increasing F&V in-
take. Also the rate of adequate F&V portion was high-
er among the students who had regular snack intake. 
Although the current study interestingly showed the 
last grade medical students preferred unhealthy snacks. 

At our study the most frequently reported snacks 
were chocolate, biscuits, candies and only 19 % of the 
students preferred fruit. Similar to our finding Ünüsan 
and colleagues (17) found the most frequently ate 
snacks among female adolescents as candy, soda, do-
nuts, and cookies and only fewer than 25.0 % of ado-
lescents reported the intake of nutritious snacks such 
as fruits, vegetables, juice, and low-fat milk . 

We noticed no relation between economic status 
and F&V consumption. Studies have found numerous 
correlates inhibiting the intake of F&V, such as low 
economic status, inaccessibility to fresh F&V and lack 
of self-efficacy (28-32). This difference may be due to 
the fact that most of the students economic status were 
similar. 

It is well known that tobacco using is negatively 
associated F&V intake (33). We also found out the 
rate of adequate F&V intake was significantly higher 
in the students who don’t use tobacco consistent with 
the most of the studies in the literature. A study re-
cruited 1543 adults reported that tobacco users con-
sumed significantly fewer F&V than non-tobacco us-
ers (34). The same result from another study showed 
tobacco users significantly consumed more fast-food 
and white meat but less F&V and dairy product (35). 

There was no difference between students’ F&V 
consumption and their accommodation at the current 
study. A study reported that students who lived in fra-
ternity or sorority houses had higher intake than did 
students living off campus (36). These results are simi-
lar to Brown and colleagues’ study (37). In that study, 
students who resided in residence halls (and had pur-



Fruit and vegetable consumption of last grade medical students and related factors 91

chased a meal plan) consumed more F&V than those 
who lived off-campus. It is important to remember 
that at current study the proportion of students stay-
ing at dormitory was very small when comparing the 
data of the study with the others’. 

The rate of adequate F&V intake was signifi-
cantly lower among living alone students. At a review 
searched eight electronic databases it was suggested 
that, compared with persons who do not live alone, 
persons who live alone had a lower consumption of 
F&V (38). F&V consumption are low among the peo-
ple living alone because probably they often prefer to 
eat away from home or prepared food.

The relationship between physical activity and 
fruit and vegetable consumption has been assessed in 
the belief that a person who has adopted one health-
related behavior may have adopted the others. Al-
though most of the studies in the literature show that 
low physical activity was associated with lower F&V 
intake (4, 39) we found out no relationship between 
regular physical activity and sufficient F&V intake. 
But, a cross-sectional study which reported different 
results to our study showed that higher F&V consum-
ers significantly had high rates of regularly physical ex-
ercise (58.3 %).4 Another similar results from a study 
which recruits 998 American Indians reported that 
factors associated eating ≥ 5 portions of F&V per day 
included having physical exercise ≥ 4 days in the past 
week (P < .001) (40). Last grade students  have not had 
the opportunity to do regular physical activity because 
their daily lives are very intense and active. 

We examined the students’ opinions about their 
F&V intake; 13.9 % of the students who had inad-
equate portions of F&V were thinking their con-
sumption was adequate and 26.5 % of them were not 
planning any changes about their F&V consumption. 
We concluded this result could arise from insufficient 
knowledge about adequate and balanced nutrition and 
disbelief to unchangeable practical issues and situ-
ational barriers. 

Conclusion

Last grade medical students’ eating habits are im-
portant for community health as well as their health 

because they will be role-models. The adequate con-
sumption of  F&V among last grade medical students’ 
was low. Students did not have sufficient information 
about the relationship between chronic disease and 
nutrition. The nutritional education given to medical 
students in these regards should be improved. 
The difficulty of storing F&V and preparing vegetables 
were the most defined barriers among F&V consump-
tion. Snacks containing F&V can be offered for sale in 
places where students can easily access them on cam-
pus. Education should be given to keep students away 
from smoking because besides its’ many adverse effects 
it also prevents consuming adequate F&V. CON
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Summary. Introduction: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder affecting the me-
tabolism of carbohydrates and characterized by hyperglycemia, inadequate secretion of insulin, and/or pe-
ripheral insulin resistance. The most common method of T2DM treatment is still pharmacotherapy, due to its 
convenience. However, diet is one of the most important factors in the  development and progression of this 
disease, and can make an important contribution to the treatment of T2DM. Purpose: The aim of the research 
was to evaluate the effects of nutritional education on the nutrient intake of T2DM patients. Material and 
methods: A total of 149 patients were enrolled (99 women and 59 men) aged 36-88, all diagnosed with T2DM 
or glucose metabolism disturbances. Nutrient intakes per subject were evaluated based on 24h dietary recall 
from the previous three days. Anthropometric measurements were also performed. Results: Intakes of various 
nutrients in the diet of T2DM, both under the care of a dietician and not, did not usually meet dietary recom-
mendations. The diets of T2DM patients under the care of a dietician, despite significant dietary mistakes, 
provided significantly more nutrients with potential positive effects on carbohydrate and lipid metabolism: 
fiber, EPA, DHA and PUFA, minerals: K, Mg, Fe, Cu and Mn as well as vitamins and smaller amounts of the 
nutrients which are nutritional risk factors for the development and progression of T2DM: total amount of 
fat, SFA, Na and P. Conclusion: Nutritional education has a positive impact on the nutrient intake of T2DM 
patients. Routine dietitian care for people suffering from this disease should be recommended.
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O r i g i n a l  a r t i c l e

Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic 
metabolic disorder affecting the metabolism of carbo-
hydrates and characterized by hyperglycemia, inade-
quate secretion of insulin and/or peripheral insulin re-
sistance (1). Chronic hyperglycemia is associated with 
long-term damage, dysfunction and failure of different 
organs, especially the eyes, kidneys, nerves, heart, and 
blood vessels (2).

The amount of people with diabetes is constantly 
increasing. Globally, 425 million adults are living with 
diabetes, and the number is projected to rise to over 

629 million by 2045 (3). 90-95% are patients who suf-
fer from T2DM. Currently, approximately 2.4 million 
people with T2DM are treated in Poland, that is 5% 
of the total population (3). This epidemic has been 
attributed to urbanization and environmental transi-
tions, including work pattern changes from heavy la-
bor to sedentary occupations, increased computeriza-
tion and mechanization, and improved transportation. 
Reduced physical activity and incorrect eating habits 
caused by drastic changes in food production, process-
ing, distribution systems and increased accessibility of 
food with low nutritional value, lead to overweight and 
obesity, which contribute directly to the development 
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of insulin resistance and T2DM. The meta-analysis 
conducted by Abdullah (4) provided proof of a close 
association between being overweight and obesity and 
the progression of this disease.

Complete treatment of T2DM includes pharma-
cotherapy and complementary actions such as a well-
balanced diet, physical activity and generally leading a 
healthy lifestyle. The most common method of T2DM 
treatment is still pharmacotherapy, due to its conveni-
ence. However, diet is one of the most important fac-
tors in the development and progression of this dis-
ease, and can make an important contribution to the 
treatment of T2DM and the maintenance of a healthy 
body weight (5, 6).

According to The Polish Diabetic Association 
(PDA), specialist diabetes hospital units should also 
contain a qualified dietitian, whose nutritional advice 
could have a significant impact on the eating habits 
and progression of the disease. The nutritional educa-
tion of patients and their increased awareness of the 
role of a well-balanced diet on treatment could directly 
increase the amount of patients with a lower rate of 
disease progression (5, 7).

Epidemiological studies underline the beneficial 
role of nutritional education in reducing the develop-
ment of T2DM. This is manifested by an improvement 
in biochemical markers, which are important in the as-
sessment of the progression of the disease, and anthro-
pometric parameters, which enable assessment of the 
nutritional status of patients (8-10). However, infor-
mation regarding the association between nutritional 
education and nutrient intake are scarce (11, 12).

The aim of the research was to evaluate the ef-
fects of nutritional education on the nutrient intake of 
T2DM patients.

Subjects and Methods

The study participants were 149 patients (99 
women and 59 men) with T2DM or peripheral insulin 
resistance, from 3 medical facilities in Lower Silesia. 
The study subjects were interviewed using an anony-
mous questionnaire, which consisted of questions 
concerning comprehensive socio-demographic details, 
physical activity, stimulants used (alcohol, cigarettes), 

dietary supplements and types of pharmacotherapy. 
Patients were also asked whether they were under the 
care of a dietician.

Nutrient intakes
The 24h dietary recall method was used to col-

lect diet-related data from the previous three days. 
Nutrient intakes were calculated with DIETA 5.0 
software (IŻŻ National Food and Nutrition Institute, 
Warsaw, Poland) and compared with the Estimated 
Average Requirements (EAR). Intake of β-carotene 
was compared with upper level (UL), intakes of Na, 
K, Ca, Mn, vitamin E and D were compared with ad-
equate intake (AI), and the intake of α-linolenic acid 
(ALA) was compared with the Recommended Dietary 
Allowance(RDA) (5, 13).

Statistical Analysis
The data were analyzed using STATISTICA v. 

12.0 software (StatSoft, Tulsa, OK, USA); p values of 
<0,05 were considered statistically significant. Most 
of the obtained results did not present the features of 
normal distribution, as was confirmed by the Shapiro-
Wilk test. To evaluate the differences in distribution 
of dietary nutrient intakes between the educated (EG) 
and non-educated groups (N-EG), the Student t-test 
(for parametric data) and the U-Mann Whitney test 
(for nonparametric data) were performed. Differences 
in the percentages of EG and N-EG whose intake of 
nutrients was below the cut-off points were evaluated 
with the Chi2 test. All parameters are presented as me-
dian and range. For all statistical procedures, the sig-
nificance level was considered to be <0.05.

Results

Baseline characteristics of T2DM patients
The baseline demographic, anthropometric and 

dietetic characteristics of the T2DM patients who 
participated in the study are presented in Table 1.

Subjects (n=149) were distributed into EG (those 
who were under the care of a dietician) and N-EG (those 
who were not under the care of a dietician). The groups 
were sex-and age-matched. The majority of EG and 
N-EG had secondary education and lived in a big city.
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The median BMI values of both groups were the 
same - 30.9, however we observed a slight tendency to-
wards a higher percentage of overweight or obese pa-
tients in the N-EG group: 92% vs 87,5%. The median 
WHR in both groups was 0.96, however in N-EG we 
observed this parameter  moving to a higher range. EG 
had a significantly higher AC than N-EG, moreover 
we found an unexpected bias towards a higher body fat 
percentage in this subgroup compared to N-EG. Most 

of the patients from both groups declared a medium 
level of physical activity, however EG was more active.

Significantly more EG patients answered the 
question about alcohol consumption positively than 
N-EG: 45.8% vs 21.1 %, respectively. Regular alcohol 
consumption (>1 portion/month) was declared by 78% 
of EG and 63% of N-EG. Almost 90% of EG and 
87% of N-EG answered the questions about cigarette 
smoking negatively.

Table 1. Baseline characteristics of T2DM patients

Variables n Educated group (EG) n Non-educated group (N-EG)

Gender; W/M; number 59 67.8/32.2 90 65.5/34.45

Age; years [median (min-max)] 59 62.0 (36.0-84.0) 90 68.0 (39.5-88.0)

Sociodemographic parameters

Education: Primary/Secondary/Professional/University [%] 59 16.9/52.5/20.3/10.2 90 23.3/40/26.7/10

Place of residence: village/small town/big city [%] 59 1.7/16.9/81.4a 90 20/16.7/63.3a

Anthropometric parameters

BMI [kg/m2] [median (min-max)] 56 30.9 (21.1-49.2) 90 30.9 (20.9-48.1)

Normal weight/ overweight/ obesity [%] 56 12.5/33.9/53.6 90 7.7/33.3/58.9

Weight; kg; [median (min-max)] 58 84 (52-134) 90 80.5 (47-150)

WHR [median (min-max)] 46 0.96 (0.67-1.05) 64 0.96 (0.79-1.15)

AC; cm; [median (min-max)] 48 33 (25.5-43)a 64 31.5 (25-40)a

BFP; %; [median (min-max)] 44 37.8 (9.5-54.4) 64 36.35 (5.7-48)

Physical activity

Low/medium/high [%] 59 15.3/76.3/8.5a 90 36.7/58.9/4.4a

Alcohol consumption

Yes/No [%] 59 45.8/54.2a 90 21.1/78.9a

Frequency of alcohol consumption: regularly/ occasionally [%] 27 77.8/22.2 19 63.2/36.8

Wine/ /vodka/bear/champagne/liqueur/ cognac* [%] 27 23.7/20.3/13.5/6.8/3.4/3.4 19 36.8/52.6/15.8/5.3/10.5/10.5

Smoking cigarettes

Yes/no [%] 59 10.2/89.8 90 13.3/86.7

Antihyperglycemic drugs

Medications: yes/no [%] 59 91.5/8.5 90 96.7/3.3
Medications: metformin/sulphonylurea/insulin acarbose/
other* [%]

54 64.8/33.3/35.2/9.2/3.7 87 62.1/40.2/39.1/5.7/0

Dietary supplementation

Dietary supplements: yes/no [%] 59 55.9/44.1 90 46.7/53.4
Taking medications and supplements simultaneously: yes/
no [%]

33 33.3/66.7 42 45.2/54.8

Reason for taking dietary supplements: dietician/ own 
choice/ physician/  disease/ commercials [%]

33 27.3/36.4/33.3/9.1/3 0/42.8/47.6/9.5/2.4

*Percentages do not add up to 100% due to the multiplicity of responses; a- statistically significant differences in the baseline characteristics 
between EG and N-EG: chi2 test, p <0.05; W- women; M-man; BMI- body mass index (kg/m2); WHR- waist-hip ratio; AC- arm circum-
ference; BFP- body fat percentage
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The majority of patients from both groups were 
under pharmacotherapy for T2DM: about 92% of EG 
and 97% of N-EG. The most commonly taken drug 
was metformin, followed by insulin in EG and sulpho-
nylurea in N-EG.

Almost 56% of EG and 47% of N-EG took di-
etary supplements, and 33% of EG and 45% of N-EG 
took medication and supplements simultaneously. The 
most popular reasons for taking dietary supplements 
were as follows: their own choice and a physician’s rec-
ommendation.

Nutrient intakes
The contribution of macronutrients to dietary 

energy provision is presented in Table 2. We did not 
observe statistical differences in total carbohydrates, 
saccharose, total fat, MUFA or PUFA contributions 
to energy provision between EG and N-EG, however 
there were significant differences in protein-energy, 
as well as SFA-energy, between the analyzed groups. 
N-EG provided a significantly higher amount of en-
ergy from protein when compared with the EG’s diet: 
85.6% vs 33.9% of respective groups with protein-
energy >20%. Similarly, the N-EG diets provided a 

significantly higher amount of energy from SFA than 
those of the educated ones: 61.1% vs 42.2% of the re-
spective groups, with SFA-energy >10%.

Interestingly, a similarly high percentage of the 
groups took a high amount of energy from carbo-
hydrates: in both groups the percentages of patients 
who took more than 50% of their energy from car-
bohydrates oscillated around 60%. A high percentage 
of patients, regardless of nutritional education, avoided 
high consumption of saccharose: more than 80% of 
both groups took less than 10% of their energy from 
this macronutrient. The majority of patients in EG 
(62,7%) and half of N-EG were supplied with total 
fat in amounts providing less than 30% of the energy 
consumed daily.

The contribution of MUFA and PUFA in energy 
provision was insufficient in both groups. Only about 
14% of EG and 9% of N-EG consumed MUFAs in 
amounts providing more than 15% of energy. About one 
fourth of patients from both groups consumed the rec-
ommended amounts of PUFAs (6-10% of daily energy).

Particular nutrient intakes of T2DM patients in 
terms of their education by dieticians are presented in 
Table 3.

We did not observe statistical differences in en-
ergy, dietary fiber, ALA, cholesterol, Na, K, Ca, P, Mg, 
Fe, Zn, Cu, Mn, vitamin A (retinol and β-karoten), 
vitamin B group consumption or ratio of omega-6 to 
omega-3 between EG and N-EG, however there were 
significant differences in EPA, DHA, LC-PUFA, Mn, 
vitamin E, vitamin D, folic acid and vitamin C con-
sumption between the analyzed groups. N-EG con-
sumed significantly higher amounts of EPA, however 
EG consumed significantly higher amounts of DHA, 
LC-PUFA, Mn, vitamin E, vitamin D, vitamin C and 
folic acid.  

Additionally we found a significantly lower per-
centage of EG than N-EG consuming Mg, Fe and 
vitamin C  below EAR cut off points: and vitamin E 
below AI cut off points.

Discussion

This study focused on evaluation of the effects of 
nutritional education on the nutrient intake of T2DM 

Table 2. Macronutrient contribution to energy provision in 
the diet
Components % of 

energy
% EG 
(n=59)

% N-EG 
(n=90)

p

Total protein <15
15-20
>20

8,5
57,6
33,9

10
4,4
85,6

<0,001

Total 
carbohydrates

<40
40-50
>50

5,1
32,2
62,7

3,3
38,9
57,8

0,65

Saccharose [g] <10
>10

84,7
15,3

81,1
18,9

0,57

Total fat <30
30-35
>35

62,7
23,7
13,6

50
26,7
23,3

0,23

SFA <10
>10

57,6
42,4

38,9
61,1

0,02

MUFA <10
10-15
>15

40,7
45,7
13,6

38,9
52,2
8,9

0,59

PUFA <6
6-10
>10

66,1
28,8
5,1

70
25,6
4,4

0,88

SFA- saturated fatty acids; MUFA- monounsaturated fatty acids; 
PUFA- polyunsaturated fatty acids
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Table 3. Nutrient intake of T2DM patients

Components EG (n=59) N-EG (n=90)

Median
(min-max)

% of EAR
Median (min-max)

Median
(min-max)

% of EAR

Median (min-max)
% of patients with nutrient  

intake below the cut-off point
% of patients with nutrient 

intake below the cut-off point
Energy [kcal] 1068.6

(498.2-2892.2)
42.6 (13.1-85.1) 1150.4

(547.7-3283.0)
46.3 (22.6-131.3)

100.0 97.8

Dietary Fiber [g] 18.9
(10.3-36.7)

75.4 (41.3-147.0) 16.4
(3.4-42.8)

65.7 (13.8-171.2)

79.7 83.3

ALA C18:3 [g] 0.7
(0.2-3.1)

35.8 (12.0-153.6) 0.7
(0.2-25.0)

34.4 (10.5-1247.9)

96.6 94.4

EPA C20:5 [g] 0,0 a

(0.0-0.5)
- 0.0 a

(0.0-0.6)
-

- -

DHA C22:6 [g] 0.1 a

(0.0-1.3)
- 0.0 a

(0.0-1.1)
-

- -

LC-PUFA [g] 0.1 a

(0.0-1.9)
48.6 (0.0-951.9) b 0.1 a

(0.0-1.7)
25.6 (0.0-846.4) b

62.7 76.7

Cholesterol [mg] 174.4
(31.0-560.0)

58.1 (10.3-186.7) 150.1
(21.8-893.1)

50.0 (7.3-297.7)

11.9* 14.4*

omega-6/omega-3 6.1 (0.9-22.4) - 6.6 (0.5-29.7) -

Na [mg] 2578.8
(1244.9-10054.2)

192.8 (88.9-718.2) 2901.0
(1048.7-7980.2)

221.2 (74.9-570.0)

94.9* 97,8*

K [mg] 2493.1
(1355.9-4974.0)

71.2 (38.7-142.1) 2490.0
(958.8-5345.6)

71.1 (27.4-152.7)

86.4 93.3

Ca [mg] 344.1
(155.7-977.2)

26.5 (12.0-75.20) 347.0
(107.6-930.4)

27.1 (8.3-76.4)

100.0 100.0

P [mg] 875.8
(501.5-2000.4)

151.0 (86.5-344.9) 901.6
(285.7-2555.0)

155.4 (49.3-440.5)

89.8* 80,0*

Mg [mg] 252.2
(147.0-501.9)

88.6 (50.5-143.4) 240.3
(96.4-745.3)

77.9 (36.4-281.2)

64.4# 78.91#

Fe [mg] 9.0
(5.1-17.0)

149.6 (82.8-283.9) 8.1
(2.7-35.1)

134.0 (45.4-438.2)

10.2# 24.4#

Zn [mg] 7.6
(3.7-15.9)

102.3 (39.7-184.1) 7.8
(2.7-25.0)

96.4 (40.1-307.5)

40.7 55,6

Cu [mg] 1.0
(0.6-1.6)

136.8 (79.5-225.7) 0.9
(0.2-2.1)

123.9 (33.2-304.9)

22 26.7

Mn [mg] 5.5
(1.8-11.5)

267.0 (79.3-640.7)b 4.5
(1.3-15.1)

195.8 (56.5-658.1)

1.7 8.9

Vitamin A
[μg, eq. retinolu]

680.5
(270.8-3417.3)

136.1 (43.0-683.5) 698.6
(222.6-7028.8)

129.0 (44.5-1405.8)

18.6 30.0

Retinol [μg] 219.4
(57.9-2935.4)

10.1 (2.0-195.7) 225.0
(31.0-5994.1)

12.1 (1.0-399.6)
98.3 97.8

Continued....
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patients. In this study, almost 1/3 of the T2DM pa-
tients used the help of dieticians. Surprisingly, intakes 
of various nutrients in the diets of T2DM, both under 
the care of a dietician and not, usually did not meet 
dietary recommendations. However, the diets of EG, 
despite significant dietary mistakes, provided higher 
amounts of nutrients with potentially positive effects 
on carbohydrate and lipid metabolism: fiber, EPA, 
DHA, and PUFA, minerals: Mg, Fe, Cu and Mn as 
well as vitamins and smaller amounts of nutrients, 
which are nutritional risk factors for the development 
and progression of T2DM: total amount of fat, SFA, 
Na and P.

Świrska et al. (14) found that knowledge of basic 
dietary recommendations for diabetes among the ma-

jority of T2DM patients (64%) was unsatisfactory. The 
most significant deficit included lack of acquaintance 
with glycemic index and carbohydrate exchanges, thus 
making it impossible to use those recommendations 
in preparing everyday meals. Similar deficiencies in 
knowledge have also been demonstrated in other stud-
ies (15-17), which emphasises the need for specialist 
diabetes hospital units to include a qualified dietician.

Insufficient intakes of energy in both EG and 
N-EG could be related with being on a low-calorie 
diet. Overweight or obesity occurred in about 87% 
of EG and about 92% of N-EG. Current nutritional 
therapy recommendations from various organiza-
tions for diabetes management support intensive life-
style interventions to achieve modest weight-loss and 

Table 3. Nutrient intake of T2DM patients
Components EG (n=59) N-EG (n=90)

Median
(min-max)

% of EAR
Median (min-max)

Median
(min-max)

% of EAR

Median (min-max)
% of patients with nutrient  

intake below the cut-off point
% of patients with nutrient 

intake below the cut-off point
β- karoten [μg] 2764.7

(593.3-13385.1)
39.5 (8.5-191.2) 2640.3

(367.4-9628.3)
37.7 (5.2-137.5)

91.5 94.4
Vitamin E

[μg, eq. α-tokoferolu]
6.3a

(3.2-15.6)
73.6 (32.8-187.0) b 5.0 a

(1.5-22.7)
58.2 (18.3-226.5) b

78# 90.0#

Vitamin D [μg] 2.7 a

(0.3-14.5)
17.8 (2.2-96.4) b 2.0 a

(0.2-10.3)
13.3 (1.1-68.8) b

100.0 100.0
Vitamin B1 [mg] 0.9

(0.4-2.2)
94.5 (40.6-196.4) 0.8

(0.3-3.1)
87.2 (30.5-283.0)

57.6 68.9
Vitamin B2 [mg] 1.0

(0.5-2.2)
105.5 (45.1-202.3) 1.0

(0.4-2.8)
103.8 (39.4-274.6)

42.4 45.6
Vitamin B3 [mg] 14.4

(4.5-35.1)
123.7 (40.7-29.4) 12.6

(3.9-33.0)
109.5 (35.4-275.0)

32.2 41.1
Vitamin B6 [mg] 1.4

(0.7-2.9)
108.2 (54.2-204.9) 1.4

(0.5-3.6)
104.1 (39.3-255.1)

42.4 42.2
Vitamin B12 [μg] 2.0

(0.5-9.0)
101.9 (23.8-450.4) 1.7

(0.2-17.8)
87.2 (10.5-888.2)

49.2 57.8
Folic acid [μg] 206.9 a

(105.6-368.8)
64.6 (33.0-115.2) b 183.5 a

(66.1-402.1)
57.3 (20.6-125.7) b

89.8 94.4
Vitamin C [mg] 73.9 a

(17.3-213.0)
108.2 (23.1-355.0) b 52.4 a

(11.3-165.9)
80.3 (18.8-237.3) b

47.5# 64.4#

ALA- α-linolenic acid; EPA- eicosapentaenoic acid; DHA- docosahexaenoic acid; *- value over EAR (% of participants); a- statisti-
cally significant differences in the supply of nutrients between educated and non-educated patients demonstrated by the U-Mann-
Whitney test, p <0.05; b - statistically significant differences in the meeting of recommendations between educated and non-educated 
patients demonstrated by the U test -Mann-Whitney, p <0.05; #- statistically significant differences in the percentages of patients 
providing minerals in the diet below the recommendations between educated and non-educated patients

Continued....
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weight-maintenance (18). In addition to the recom-
mendations, a factor of major importance is the total 
calorie content of the diet, which should be adjusted 
to the patient’s age, actual body weight, and level of 
physical activity, allowing a gradual but systematic 
body weight reduction. A reduction in the total energy 
intake (by 500–1000 kcal/day) should enable gradual 
but systematic body weight reduction (by about 0.5–1 
kg/week) (5). The benefits of weight loss include im-
provements in glycemic control, risk factors for car-
diovascular disease (CVD), quality of life, and other 
obesity-related coexisting illnesses (19). A meta-anal-
ysis of prospective cohort studies (20) suggested that 
the risk associated with a higher waist circumference is 
slightly stronger than the risk associated with a higher 
BMI. In clinical practice, it is important to monitor 
both BMI and waist circumference in the patients. In 
the presented study we monitored BMI and WHR in 
all patients. We observed a slight tendency to a high-
er percentage of overweight or obese patients (BMI 
>24.9 kg/m2) and WHR  moving to a higher range in 
N-EG.

The current nutrition recommendations for 
T2DM adults do not indicate the prescription of  pro-
tein restriction. In most diabetic patients, similarly 
to the general population, proteins should provide 
15–20% of total calorie intake (about 1–1.5 g/kg body 
weight/day). In the T2DM patients, and people with 
excessive body weight, it is important to maintain or 
increase protein intake (a low-calorie diet may con-
tain 20–30% of protein) because an inadequate pro-
tein intake can cause lean muscle loss, and problems 
with enzyme production and antibodies (5, 18, 21, 22). 
The current recommendations for protein intake by 
T2DM patients with diabetic kidneys are differ be-
tween various organizations. According to The Polish 
Diabetic Association (15), in patients with chronic 
kidney disease protein intake should be about 0.8–1 
g/kg body weight/day. The Canadian Diabetes As-
sociation (CDA) (21) also recommends considering 
the prescription of a protein restriction. Lopez et al. 
(23) evaluated the effect of a protein restriction diet 
on renal function and metabolic control in TD2M pa-
tients with or without nephropathy. All patients were 
randomly assigned to receive either a low protein diet 
(LPD) (0.6-0.8 g/kg per day) or a normal protein diet 

(NPD) (1.0-1.2 g/kg per day) for a period of 4 months. 
A moderated protein restriction diet improved renal 
function in T2DM patients and macroalbuminuria. 
HbA1c decreased significantly among microalbumi-
nuric patients on both diets, and among macroalbu-
minuric patients who received NPD. In contrast to 
this observation, the American Diabetes Association 
(ADA) recommends against protein restriction (22). 
A meta-analysis conducted by Pan et al. (24) did not 
show beneficial renal effects from low-protein diets in 
the T2DM patients. The majority of N-EG diets pro-
vided energy from protein above the recommendations 
(above 20%). This could be related with their obesity, 
glycemic control or lack of knowledge about the pos-
sibility of the progression of kidney problems. Cam-
pos-Nonato performed a randomized clinical trial (25) 
about the effect of a High-Protein Diet (HPD) versus 
a Standard-Protein Diet (SPD) on weight loss and the 
biomarkers of metabolic syndrome. They found that 
the participants with a stronger  adherence rate in the 
HPD group lost significantly more weight than ad-
herent participants in the SPD group. Additionally, a 
meta-analysis of randomized controlled trials (RCT) 
suggested that various dietary patterns such as high-
protein and also low-carbohydrate, low-GI and Medi-
terranean diets were effective in improving glycemic 
control and CVD risk factors in the T2DM patients 
(26). In clinical practice, it is important to help pa-
tients to lose weight and remind them about a well-
balanced diet with proper macronutrient proportions, 
especially with a proper amount of protein.

According to the Polish Diabetic Association rec-
ommendations there is no need to limit animal protein 
intake, although substituting plant protein for animal 
protein may be beneficial in some patients (5). In the 
EPIC (27) (European Prospective Investigation Into 
Cancer and Nutrition) study, the long-term associa-
tion between total, animal and plant protein intake 
and T2DM incidence was evaluated. The study dem-
onstrated an association between high total and animal 
protein intake and a modest elevated risk of T2DM in 
a large cohort of European adults. It has also shown 
that the high intake of animal protein and its effect on 
the T2DM may be related to the supply of SFA which 
is found in the meat (27). In the presented study, 
N-EG diets provided a significantly higher amount of 
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energy from SFA than those of the educated group, 
which could indicate increased meat consumption by 
this group and therefore high animal protein provision 
in the diet.

The quality of fat is more important than total 
fat intake, and diets that favor plant-based fats over 
animal fats are more advantageous (18). According to 
the Polish Diabetic Association (5) recommendations 
for the general population, the average total fat intake 
should provide 30% to 35% of total calories. Saturated 
fats should provide less than 10% of the total calorie 
intake, and less than 7% of the total calorie intake in 
patients with serum LDL cholesterol level ≥ 100 mg/
dL (≥ 2.6 mmol/L). Monounsaturated fats should pro-
vide 10–15% of the total calorie intake, and polyun-
saturated fats should provide about 6–10% of the total 
calorie intake.

A significantly higher percentage of EG diets 
provided the proper amount of energy from SFA in 
comparison with N-EG. Western diets, which are rich 
in SFA, can cause insulin resistance, disturbances in 
secretion of insulin, and increased levels of circulating 
free fatty acids (FFAs). In addition, they contribute 
to β-cell failure in genetically predisposed individu-
als (28). Short-term high levels of FFAs in the blood 
inhibit glucose metabolism, which results in increased 
insulin secretion. The opposite effect is observed dur-
ing long-lasting increases in FFA serum concentra-
tion, a situation in which pancreatic secretion of in-
sulin is inhibited. FFAs cause beta-cell apoptosis 
and may thus contribute to progressive β-cell loss in 
T2DM. The mass of this organ’s cells is reduced, and 
they lose their ability to compensate for insulin resist-
ance (28, 29). The T2DM is associated with another 
long-term problem - coronary heart disease. Accord-
ing to the “Seven Country Study” (30), mortality due 
to coronary heart disease was shown to be positively 
correlated with mean cholesterol levels and average 
SFA consumption. To reduce serum LDL cholesterol 
levels, which coexist particularly in T2DM patients, 
low glycemic index carbohydrates and monounsatu-
rated fats should be substituted for SFA (31).

More than half of all participants showed an in-
sufficient intake of LC-PUFA. Dietary  supplementa-
tion with EPA/DHA is recommended, especially for 
individuals with determined dietary  deficiencies in 

LC-PUFAs (32). A significant amount of epidemio-
logical evidence has found that increased n-3 PUFA 
consumption in intervention studies may alleviate 
metabolic and cardiovascular risk and progression of 
T2DM (33). LC-PUFAs affect lipid-carbohydrate 
metabolism and exhibit insulinotropic and anti-in-
flammatory activity through membrane receptors (34). 
They also inhibit the expression and activity of pro-
inflammatory cytokines, and decrease the activity of 
the pro-inflammatory  nuclear factor β (NF-β), which 
promotes the expression and increases the activity of 
many pro-inflammatory genes and molecules, e.g. cy-
tokines and chemokines that induce insulin resistance 
(35). An increased intake of LC-PUFAs (EPA, DHA) 
also elicits an increase in skeletal muscle membrane 
fluidity, number of insulin receptors and insulin action 
(32, 36). Moreover, Chen et al. (37) performed a meta-
analysis concerning the effects of omega-3 fatty acid 
supplementation on glucose control. They found that 
the ratio of EPA/DHA and early intervention with 
omega 3 fatty acids may have effects on glucose con-
trol and lipid levels, although no statistical significance 
was identified. On the other hand, the meta-analysis 
conducted by Wu et al. (38) showed that EPA +DHA 
from fish and seafood support neither major harm nor 
benefits regarding the development of diabetes, and 
suggest that ALA may be associated with a modestly 
lower risk of T2DM. In particular, replacing saturated 
fat with omega-6 PUFA was related to a lower risk of 
developing diabetes (39, 40).

T2DM patients are usually characterized by a 
lower serum concentration of Mg compared to nor-
mal subjects, as a result of an inadequate supply of this 
mineral from food and/or increased elimination from 
the body (41). However, the percentage of patients 
who showed insufficient intake of Mg in the EG was 
significantly lower compared to N-EG. The EG prob-
ably knew about the requirement to increase the intake 
of foods which are good sources of Mg. A proper sup-
ply of this nutrient from food or supplementation may 
have a beneficial effect on glycemic control in T2DM 
patients (42). Mg is actively involved in a number of 
metabolic reactions as an important co-factor, with 
a special emphasis on carbohydrate metabolism. The 
meta-analysis conducted by Mooren (43) suggested 
that reduced dietary Mg intake serves as a risk factor 
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for the incidence of both impaired glucose regulation 
and T2DM. Sinka et al. (44) demonstrated a negative 
correlation between serum levels of glucose and serum 
levels of Mg in diabetic subjects. Mg intake may be 
particularly beneficial in offsetting the risk of develop-
ing diabetes among those at high risk (45).

The percentage of patients who showed insuffi-
cient intake of Fe in the EG was significantly lower 
compared to N-EG. Both deficiency and excess Fe in 
the diet are dangerous. Insufficient Fe intake from the 
diet may lead to anemia, while excessive consumption 
(excessive dietary supplementation or medication in-
take) may lead to diarrhea, nausea and vomiting (13). 
Fe is increasingly recognized to influence glucose me-
tabolism on multiple levels. Body Fe stores should be 
considered a potential target for therapy in subjects 
with T2DM, or those at risk for developing T2DM 
(46). Fe also seems to modulate β-cells, insulin secre-
tion and thereby glucose homeostasis. In the patho-
genesis of diabetes, an excessive intake of Fe generates 
reactive oxygen species (ROS) by participating in the 
Fenton chemistry, which can induce oxidative damage 
and apoptosis (47).

Mn is an activator of numerous enzymes involved 
in the synthesis of proteins, nucleic acids and fatty ac-
ids. Mn is also a part of the group of superoxide dis-
mutase enzymes (MnSOD), which catalyse the super-
oxide anion dismutation into hydrogen peroxide and 
oxygen (48). In a cross-sectional survey, lower con-
centrations of Mn were reported in blood and scalp 
hair samples of type 2 diabetic patients compared to 
healthy controls, while Mn levels in urine were higher 
in T2DM patients, which can be evidence of increased 
elimination of Mn from their body (49). We can find 
in the EFSA report (50) that a low intake of Mn can 
cause disorders in lipid and carbohydrate metabolism 
(hypercholesterolemia and insulin resistance). EG pro-
vided significantly higher amounts of Mn than N-EG, 
which proved the beneficial effects of dietary consulta-
tion on patients’ diets.

The Na intake of T2DM patients, both in the 
EG and N-EG, exceeded the recommendations es-
tablished for this mineral. However the EG take in a 
slightly lower amount of sodium, but with no signifi-
cant differences. Salt intake from all sources should not 
exceed 5 g per day and the current Na intake recom-

mendation for diabetes management is < 2300 mg/d 
(5, 22). If reasonable, patients with hypertension may 
be advised more strict salt intake limitations according 
to the DASH diet principles (5). In one observational 
study, high Na intake was associated with increased 
mortality in T2DM people (51). Excess Na in the diet 
can significantly affect the blood pressure of patients, 
by increasing it, and thus increasing the risk of cardio-
vascular complications, which are particularly high in 
T2DM patients (13).

The majority of differences in dietary intakes be-
tween EG and N-EG concerned vitamins.  Dietary 
deficiencies in vitamin D were shown in almost all the 
patients from both the EG and N-EG. However, com-
paring vitamin D intake between two groups shows 
that the dietary consultations had an impact on higher 
supplies of this vitamin, closer to the AI recommen-
dations. In connection with insufficient dietary intake 
and the scarcity of sources of vitamin D, supplementa-
tion of vitamin D is widely recommended (5). Vita-
min D plays an important role in the proper secretion 
and activity of insulin. Specific receptors for vitamin 
D are located on the surface of islet β cells, and bind-
ing vitamin D to them may enhance insulin secretion. 
Vitamin D is also known to be involved in maintaining 
the proper extracellular concentration of calcium ions 
and their flow into the pancreatic β cells. An increased 
concentration of calcium ions in the cytosol of β cells 
promotes the release of insulin (32). Kuchay et al. (52) 
assessed the relationship between the intake of vitamin 
D and the risk of progression of diabetes. It was found 
that supplementation of the diets of people with pre-
diabetes with vitamin D can help to regulate carbohy-
drate metabolism. After a period of 12 months in the 
group supplementing with vitamin D there was signif-
icantly lowered fasting plasma glucose, 2h plasma glu-
cose and HBA1c levels. Another study (53) showed a 
relationship between vitamin D deficiency and insulin 
resistance. However, the direct effect of deficiency of 
this vitamin on carbohydrate metabolism was not con-
firmed. The deficiency of vitamin D, which positively 
correlated with insulin resistance, was mostly found in 
people with obesity, which also promotes this disorder. 
In our groups problems also occur with overweight 
and obesity, which may additionally increase require-
ments for vitamin D.
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In the present study, the EG consumed signifi-
cantly larger amounts of vitamin E, and a significantly 
higher percentage of them met the EAR than N-EG. 
In view of the fact that vitamin E plays an important 
role in delaying the prevalence of diabetes and slows 
down its progression, it is necessary to supply an ad-
equate amount of vitamin E. Baburao et al. (54) ob-
served a decrease in postprandial glucose values and 
total cholesterol level and a reduction of increased 
blood pressure in the group of patients who take vi-
tamin E supplementation compared to the control 
group. Shinde et al. (55) demonstrated a reduction in 
oxidative stress and an improvement in antioxidant 
enzyme activity and vascular endothelial function in 
T2DM patients treated with anti-diabetic agents sup-
plemented with vitamin E, as compared with patients 
treated only with glucose-lowering drugs. In turn, vi-
tamin E supplementation by T2DM patients can also 
help to reduce the risk of developing CVD by prevent-
ing the oxidation of low-density lipoproteins.

EG provided higher amounts of vitamin C, and 
therefore a lesser  percentage of them did not meet the 
EAR of vitamin C, which proved the beneficial effects 
of dietary consultation on patients diets.  EG probably 
consumed more vegetables and fruits than N-EG. Vi-
tamin C plays the role of cofactor in many enzymatic 
and metabolic reactions, including the synthesis of col-
lagen, the structure of the skin, bones and blood ves-
sels. It is also an antioxidant, which reduces oxidative 
processes in the body (13). In the Darshike et al. study 
(53), it was demonstrated that the supplementation of 
T2DM patients with high doses of vitamin C - 2,000 
mg / day for at least 90 days had a beneficial effect on 
the reduction of fasting glucose and HbA1c. Li et al. 
(56) examined the association between dietary vitamin 
C intake and T2DM. The study showed a significant 
negative correlation between dietary vitamin C intake 
and T2DM prevalence.

The EG diets provided significantly higher 
amounts of folic acid, which may confirm the benefi-
cial effects of dietary intervention. Folates are respon-
sible for proper cell division, functioning of the nerv-
ous system and hematopoietic system, and determin-
ing proper homocysteine metabolism. Disturbances in 
homocysteine metabolism are some of the key factors 
regulating the risk of CVD, therefore proper dietary 

folate has been proven to be necessary in alleviating 
the risk of CVD. (57). Folate deficiencies may increase 
during pharmacotherapy with metformin. About 60% 
of patients in both groups in the presented study took 
metformin, and it was the most popular drug among 
T2DM patients. In one of the studies, the importance 
of folate supplementation on diabetes parameters in 
obese men with T2DM using metformin was evalu-
ated. The authors showed that supplementation with 
folic acid at the amount of 5mg /day may positively af-
fect carbohydrate metabolism. Significant increases in 
folate and vitamin B12 concentrations and decreases 
in homocysteine, fasting glucose and HbA1C were 
observed in the above-mentioned study. Based on the 
above results, it can be concluded that supplementa-
tion with folic acid improves the parameters of dia-
betes and eliminates the negative effect of metformin 
on folate body content. In the above study folate sup-
plementation has also been shown to improve glyce-
mic control by reducing concentrations of glycosylated 
hemoglobin, fasting blood glucose, serum insulin and 
insulin resistance, as well as homocysteinemia in the 
T2DM patients (58).

Conclusion

In the present study, variations in nutrient supply 
in the diet of individual T2DM patients were dem-
onstrated, both in the educated and non-educated 
groups. Despite this, the diet of educated patients was 
more balanced compared to the diet of non-educated 
patients. It can therefore be concluded that nutritional 
education has a positive impact on the nutrient intake 
of T2DM patients. Routine dietitian care for people 
suffering from this disease should be recommended.
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Determination of health status perception and orthorexia 
nervosa tendencies of Turkish yoga practitioners: a cross-
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Summary. As part of the yoga the possibility that excessive attention paid by practitioners to diet and food 
quality is expected. This study was aimed to determine health status perception and orthorexia nervosa tenden-
cies of yoga practitioners. This cross-sectional descriptive study was conducted at three yoga centers in Izmir. 
The population of the study consisted of 153 people registered in yoga centers between March and May 2017. 
The data were collected using a personal information form (11 questions), Perception of Health Status Scale 
and Orthorexia Nervosa (Orto-11) Scale. While perceived physical health was “good” for 68.0% of the par-
ticipants, the mean perceived health score was 1.94±0.54. The mean score of Orto-11 Scale was 24.05±4.36. 
It was determined that the perceived health of those who were married and non-smoker were higher than 
the orthorexia tendencies of the individuals who were married and had the chronic illness (p<.001). More 
than half of yoga practitioners perceived their physical health as “good”.  It was determined that the perceived 
health status of those who were married and non-smokers were higher. It was found that the vast majority 
of yoga practitioners was at risk in terms of orthorexia. Some factors like marital status and the presence of 
chronic illness significantly affected orthorexia nervosa tendencies of yoga practitioners.
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O r i g i n a l  a r t i c l e

Introduction 

Nutritional intake is a physiological, sociological 
and psychological phenomenon (1). Orthorexia nervo-
sa (ON) refers to a pathological obsession concerning 
healthy nutrition obsession or the desire to consume 
healthy food (2,3). The term “orthorexia” was first 
defined in a non-scientific yoga journal by Bratman 
(1997) with joining the Greek words ‘orthos’ (correct, 
appropriate) and ‘orexia’ (appetite). Even though or-
thorexia is similar to known eating disorders, consum-
ing only “pure” and “healthy” foods are in the forefront 
in orthorexia rather than the desire to lose weight 
(2). Transformation of this desire to excessive effort 
mentally and behaviorally also resembles obsessive-
compulsive disorder (4). It is stated that depression, 

anxiety, perfectionist tendencies and stress can accom-
pany ON as in other eating disorders (5). While health 
promotion, treatment of a disease or loss of weight are 
the priorities in the basis of orthorexia, then this nutri-
tion style starts to be the most important part in the 
lives of orthorectic individuals. Thus, they are hav-
ing healthy eating obsession in order to protect and 
promote health (6). Obsessional behaviors related to 
orthorexia are related to the content of the food con-
sumed rather than its’ amount (7). In the orthorexia 
nervosa, the person controls everything he/she eats ex-
aggeratedly. He/she examines the package of the prod-
ucts for hours and thinks hard exaggeratedly whether 
the product contains any carcinogenic substance, hor-
mone, dye, and addictive substance (2,3). In this illness 
which can also lead to impaired social functioning, in-
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dividuals maintain their lives on within the frame of 
strict rules about healthy eating (8,9). As a result of 
orthorexia, various behaviors based on insisting on eat-
ing only raw vegetables and eating food in a certain 
color are exhibited. Therefore, orthorexia nervosa does 
not only mean that the individual is obsessive about 
healthy eating but also uses certain cooking methods 
and eats only certain foods (10). Although DSM-V 
(Diagnostic and Statistical Manual of Mental Disor-
ders-V, 2013 (DSM-V 2013) by American Psychiatric 
Association revised and expanded diagnostic catego-
ries, some eating disorders such as orthorexia were ne-
glected (8,11). Although it is not formally recognized 
as a separate diagnostic category, ON is stated to have 
similarities and differences with other eating disorders 
having serious consequences. It is seen that ON can 
lead malnutrition or weight loss as in anorexia nervosa 
(AN), but unlike AN and bulimia nervosa, people are 
very much engaged in eating healthy and pure foods 
instead of the amount of consumed food and slim ap-
pearance (12). Indeed, even though there are currently 
no clinical guidelines for this purported disorder, ON 
is being considered as detrimental to human health, 
because it brings about excessive focus on food, health, 
behavior, etc (3,5).  

While the prevalence of those showing orthorec-
tic tendency ranged from 6.9% (4) to 57.6% in the gen-
eral population (13), it was reported to range between 
28-30% in sporters (14); to be 45.5% in physicians 
(15); 81.8% in opera artists (16)  and 81.9% in dieti-
cians (6). The groups having a high risk for orthorexia 
nervosa (ON) are women, adolescents, sport(wo)men, 
students having health education (7,9,15,17-24), yoga 
practitioners (5,26),  primary care physicians (15,18) 
and performing artists (16) and different sociodemo-
graphic characteristics are reported in different studies. 
In terms of the culture within yoga activities, these ac-
tivities often require self-discipline lifestyle modifica-
tions such as healthier eating habits (5). In the studies 
conducted with yoga practitioners, it has been reported 
that 55.2% of the participants and 33.1% of males have 
unhealthy weight control behaviors (26). Valera et al. 
(2014) reported that yoga teachers to avoid excessive 
reference to a healthy diet, which is natural compo-
nent of yoga practice. The same study noted that the 
possibility that excessive attention paid by practition-

ers to diet and food quality as part of the yoga system 
(5). Yoga practitioners thought to have high awareness 
about healthy nutrition have strict rules about eating. 
In this respect, yoga practitioners can be thought to be 
at risk of ON. However, there has been no study about 
the issue in the literature.

From this point of view, this study was designed 
based on the following questions;

1. What are the levels of health status perceptions 
of yoga practitioners?

2. What are the levels of the orthorexia nervosa 
tendencies of yoga practitioners?

3. What are the factors associated with orthorexia 
nervosa tendencies of yoga practitioners?

The aim of the study was to determine the health 
status perceptions and orthorexia nervosa tendencies 
of yoga practitioners. 

Methods

Setting
The study was conducted in three yoga centers 

in Karşıyaka town in Izmir city which is located in 
the western part of Turkey. All yoga centers (n:3) in 
Karşıyaka town included to the study.

Study design and participants
The study was designed as a cross-sectional de-

scriptive type. The population of the study consisted of 
153 people registered to yoga centers between March 
and May 2017. Non-probability sampling was used 
and the sample included 118 volunteers. The rate of 
participation was  77.1%. 

Inclusion criterias of the study were;
1. Yoga users were defined by yoga use at least 

half-hour per week/ at least one month
2. Eligibility requirements were being at least 18 

years of age
3. Accepting to participate in the study and giving 

verbal consent.
Approval from the scientific ethics committee of 

Ege University (date: 01.02.2017, protocol no: 04-
2017) to collect the data, and the application permis-
sion from three yoga centers located in Izmir to carry 
out the study were obtained. Verbal informed consent 
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was obtained from all individual participants included 
in the study.

Instruments
Personal information form: The form prepared in 

accordance with the literature (27-29) by the research-
ers has a total of 11 questions about the individuals’ 
personal characteristics (age, gender, occupation, mari-
tal status, smoking status, presence of a chronic disease, 
diet, status of being vegan, status of being vegetarian 
and BMI (height, weight)).

Perception of Health Status Scale: The original scale 
developed by Davis, Avery, and Donald (1978), the 
scale is adapted to the Turkish language by Esin and 
Erdogan (30).  The scale has only one item, “How do 
you perceive your current health status?”, which is an-
swered by selecting “very good” (1 point), “good” (2 
points), “poor” (3 points), or “very poor” (4 points). 
When assessing the scale, 4 is considered the lowest 
score, and 1 the highest. Cronbach alpha was 0.89. 
(30).

Orthorexia Nervosa (Orto-11) Scale: This scale was 
developed to determine the healthy eating obsessions 
in individuals. Its’ original version, ORTO-15 scale, 
was developed by Donini et al. in Italy (4). Donini et 
al. developed the ORTO-15 scale by developing and 
changing the statements in the Orthorexia short form 
with 10 questions prepared by Bratman (3). Turkish 
adaptation of the scale was conducted by Arusoglu (8) 
and it was adapted as ORTO-11. The scale contains 
11 items. Each expression is evaluated with a 4-point 
Likert-type rating. In the scale, the individuals were 
asked to state how often they feel themselves as de-
scribed in the items by marking one of the options 
as “always,” “frequently”, “sometimes”, and “never”. 
When “1” point is given to the answers thought to be 
distinguishing for Orthorexia, “4” points are given to 
the responses showing normal eating behavior ten-
dency. The cut-off value of ORTO-11 was reported 
to be 27 by Arusoğlu (31).  Low scores obtained from 
the scale indicate that the risk of orthorexia nervosa or 
orthorectic tendency is increasing (8,10). The Cron-
bach’s Alpha value of the scale was 0.82 (8,9) and the 
Cronbach’s Alpha coefficient was found as 0.86 in 
this study. The participants’ body mass index (BMI) 
was calculated based on their self-reported height and 

weight and categorized using the BMI groups defined 
by the World Health Organization (32).

Data analysis
In the assessment of data, Kolmogorov-Smirnov 

test was applied for normal distribution suitability in 
addition to the number, percentage, mean distribu-
tions from descriptive statistics. The test showed that 
the values of the scale were not normally distributed 
(Kolmogorov-Smirnov Z=2.63, p=0.034). In be-
tween-group comparison, Mann Whitney U test for 
two groups and Kruskal Wallis test for more than two 
groups from non-parametric tests were used. Statisti-
cal significance level was accepted as p <0.05. Statisti-
cal analysis was performed using SPSS 22.0 (Statisti-
cal Program Social Sciences) packaged software.

Results

Profile of yoga practitioners
Of the yoga practitioners included in the study, 

the mean age was 30.48±9.19 years (range: 18-56), 
92.4% were female, and 72% were single. 34.75% of 
the participants stated that they had a health-related 
profession. Of the participants, 89.8% stated that they 
were the non-smoker, 80.5% had no chronic diseases, 
12.71% were in diet, 11% stated that they were veg-
etarian and 6.8% stated that they were vegan (Table 
1). The body mass index of the yoga practitioners was 
20.55±1.80 kg/m2 in females and 24.3±1.59 in males, 
respectively (Table 2). 

Perception of Health Status and ORTO-11 scores of yoga 
practitioners

Perceived physical health was “good” for 68.0% 
and “very good” for 32%  of the participants. The mean 
perceived health score was 1.94±0.54 (minimum:1, 
maximum: 4). When the mean scores of the sample 
group from Orto-11 Scale were examined, the mean 
score was determined as 24.05±4.36 and 75.4% of the 
yoga practitioners (n:89) were found to be risky in 
terms of ON. 

The mean perceived health status scores were 
1.96±0.54 in females and 1.66±0.50 in males (Table 
2).  No statistical difference was found between the 
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variables of the mean perceived health status score and 
gender, BMI group, chronic disease, dieting, being 
vegetarian and vegan (p>0.05). 

The distribution of Perception of Health Status Scale and 
ORTO-11 scores by some socio-demographic variables 

When the characteristics and the health sta-
tus perception mean scores of the participants were 
compared, it is found that the health status per-
ception of those who were married (U=939.000; 
p<.001) and non-smoker (U=310.500, p<.001) were 
higher (Table 3). 

ORTO-11 mean score of the participants was 
found as 24.05±4.36. Orto-11 mean score was 24.13± 
4.34 for the female’s and 23.04 ±4.82 for the male’s. 
There was no statistical difference between Orto-11 
mean score and the variables such as gender, BMI 
group, smoking, dieting, being vegetarian and vegan 
(p>0.05). When the participants’ characteristics and 
Orto-11 mean scores were compared, it was deter-
mined that the orthorexia tendencies of those who 
were married (U=797.00; p<.001) and had chronic 
disease (U=570.50; p<.001) were higher (Table 3).

There was no correlation in between perception of 
health status and ORTO-11 (r=.156)

Discussion

The tendency of being healthy-healthism which 
is both a social and political movement ensures that 
individuals take responsibility to avoid risk factors 
detrimental to the health of individuals and turn to 
regular exercise and healthy eating behaviors to reach 
optimal health (33).  Healthy eating today is one of 
the most important approaches for health promotion 
(15). The nutrition style of individuals varies accord-
ing to many biological, psychological and sociocul-
tural factors (10,14,18). When the literature is ex-
amined it is seen that the risk of orthorexia nervosa 
which is defined as the obsession of healthy eating. 
Orthorexia is more common particularly in models 
who are careful about being in a certain weight, danc-
ers, yoga practitioners, sporters, healthcare profes-
sionals and especially in dietitians (5,6,14-16).  This 
study was conducted to determine the health status 
perception and orthorexia nervosa tendencies of yoga 
practitioners. 

Table 1. Socio-demographic variables of the yoga practitioners 
(n:118)
Variables n %

Gender
Female
Male

109
9

92.4
7.6

Relationship
Married
Single

33
85

28.0
72.0

Health-related profession 
Yes
No

41
77

34.75
65.25

Chronic diseases 
Yes
No

23
95

19.5
80.5

Smoker
Yes
No

12
106

10.2
89.8

Doing diet
Yes
No

15
103

12.71
87.29

Vegeterian
Yes
No

13
105

11.0
89.0

Vegan 
Yes
No

8
110

6.8
93.2

Table 2. Antropometric values of the yoga practitioners (X ± SD)

Measures
Male (n:9) Female (n:109)

X ± SD Min Max X ± SD Min Max

Years 36.3±3.84 28.00 40.00 30.0±9.35 18.00 56.00

Weight (kg) 85.00±1.73 82.00 87.00 56.94±5.49 42.00 70.00

Height (cm) 1.87±0.61 1.75 1.93 1.66±0.06 1.48 1.78

*BMI (kg/m2) 24.3±1.59 22.60 27.80 20.55±1.80 15.20 27.10

*BMI: Body mass index, SD:Stardard deviation
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The vast majority of the individuals participating 
in the study were female (92.4%) and aged between 
18-56 years.  Similarly, it was reported in previous 
studies that the yoga practitioners were predominantly 
female and aged between 21 and 44 years. Results of 
this study are similar to the literature (34-36).  Nota-
bly, yoga use was higher among young adult women.

Yoga is described as a holistic system that unifies, 
harmonizes, and strengthens the mind, body, and spirit 
(37).  It has been proposed that the popularity of yoga 
may be largely attributable to its psychophysiological 
effects, which attenuate the stress response and im-
prove emotional stability and regulation, leading to a 
greater feeling of well-being and improving quality of 
life (38). According to the results of the study, vari-

ables like the practitioners’ gender, occupation, BMI, 
presence of a chronic disease, dieting and being ve-
gan/vegetarian did not affect their health status per-
ceptions  (p≥0.05), it was an important result that the 
health status perceptions of those who were married 
and non-smoker were higher than those who were not 
married and smoker. In another study, 46.3% of yoga 
users reported their health as “very good” or “excellent” 
(38.8%) (35).  In the same study, yoga users agreed that 
yoga improved their health regardless of their gender 
(35).  A study reported that yoga practitioners had the 
desire of having a better health status (34). The results 
of the present study confirm previous reports indicat-
ing that people improve their health and feel better by 
practicing yoga (25, 34).

Table 3. The distribution of Health Status Scale and ORTO-11 scores by some socio-demografic variables.

HEALTH STATUS PERCEPTION ORTO 11

Variables n Mean±SD Test p Mean±SD Test p 

Gender
Female
Male

109
9

1.96±.54
1.66±.50

U=366.000 0.116
24.13±4.34
23.04±4.82

U=392.00 .316

Relationship
Married
Single

33
85

1.66±.59
2.04±.48

U=939.000 <0.001* 21.84±3.10
24.90±4.50

U=797.00 .000*

Health-related profession 
Yes
No

41
77

1.91±.33
1.92±.74

U=421.00 0.265
24.35±1.31
24.61±0.64 U=361.60 .172

BMI Group
<18.4 
18.5-24.9 
25.0-29.9 

9
105
6

2.11±.78
1.92±.53
2.00±-

χ²=.996 0.608
22.55±6.12
23.96±4.21
27.83±1.83

χ²=6.011 .050

Smoker
Yes
No

12
106

2.00±.49
1.41±.66

U=310.500 <0.000* 23.66±4.65
24.09±4.35

U=565.50 .528

Chronic diseases 
Yes
No

23
95

2.00±.42
1.92±.56

U=1019.000 0.534
21.26±4.31
24.72±4.12

U=570.50 .000*

Doing diet
Yes
No

15
103

2±-
1.93±.57

U=637.00 0.626
22.07±3.75
24.29±4.39

U=468.00 .064

Vegeterian
Yes
No

13
105

1.92±.49
1.94±.55

U=652.500 0.915
23.92±4.36
24.06±4.39

U=681.50 .993

Vegan
Yes
No

8
110

2.12±.35
1.93±.55

U=363.000 0.308
26.62±4.56
23.86±4.31

U=284.00 .094

χ²:Kruskal Wallis, U=Mann Whitney U test, * p<.001
BMI: Body mass index, SD:Stardard deviation
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The popularity of yoga is growing in western 
countries and also in Turkey (25).  Sport for All Fed-
eration (39) in Turkey continues its activities with the 
slogan of “live with yoga, yoga is for all ages”. It is stat-
ed in the literature that yoga practitioners are a high-
risk group in terms of orthorexia tendency (13,25,40). 
Indeed, the first recorded reference to ON was in a lay 
publication, Yoga Journal (2). Valera et al. (2014) re-
ported in their study that ON prevalence of yoga prac-
titioners was 86% (5). Similar to the literature, three 
quarters (75%) of yoga practitioners were found to be 
ON risky in this study. Since healthy eating is a stand-
ard component of yoga practice in yoga practitioners, 
this is evaluated as an expected result (5). When ex-
amining the variables that can affect ON tendency of 
yoga practitioners, in the present study, it was found 
that ON tendencies were higher in married individu-
als than the single ones and in those who had chronic 
illness than those who did not. Similarly, it was stated 
in the dissertation study by Arusoğlu (2006) that mar-
ried individuals had higher ON tendencies than the 
single ones (8). In another study, no relationship was 
found between orthorectic individuals and marital sta-
tus (4). This result suggested that it was important to 
examine the marital status of individuals as one of the 
important factors affecting ON risk. It was stated in 
another study that university students who had chronic 
illness showed higher orthorectic tendencies than the 
university students who had no chronic illness (41). 
In another study, it was stated that the presence of 
chronic disease did not make any difference in terms 
of orthorexia tendency (8). In the literature, there are 
limited studies on how the presence of both marital 
status and chronic disease affects the orthorexia and 
the differences in the results of this study indicate the 
need for studies in larger sample groups for the rel-
evant variables.

Strengths and limitations
While the results of this study are striking, it has 

some limitations. The lack of a control group and the 
usage of a self-reported health status as the only other 
dependent variable is the most important limitation in 
this study. The results of the study were based on self-
reported data. Body mass index was calculated based 
on their self-reported weight and height. Anonymous 

internet surveys are at risk for recall bias and decep-
tion. Despite these limitations, the results of this study 
are compelling. 

Conclusion

With ancient roots in India, yoga has evolved 
over two millennia from a discipline of mind and body 
for spiritual goals to a global practice aimed at main-
taining physical health and psychological well-being. 
In this study, a vast majority of the yoga practitioners 
were women aged between 18-56 years.  It was found 
that male and female yoga practitioners had a normal 
weight. More than half of the yoga practitioners per-
ceived their physical health as “good” and the remain-
ing ones perceived theirs as “very good”. It was deter-
mined that the health status perceptions of individuals 
who were married and non-smoker were higher. The 
marital status and the presence of chronic illness sig-
nificantly affected the orthorexia nervosa tendencies of 
yoga practitioners. It was also determined that indi-
viduals, especially who were married and had chronic 
illness had high ON risks. Several studies on large co-
horts are needed to clarify the prevalence of ON and 
its pathophysiological consequences.
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Summary. Introduction: Malnutrition commonly occurs among hospitalised patients. Should the condition be 
diagnosed early, it is possible to counteract development of negative effects associated with a weight loss and 
the systemic consequences of malnutrition. Objective: To determine the prevalence of abnormal nutritional 
status in patients aged 65 and over using various criteria for diagnosis, as well as an analysis of correlations 
between the criteria that were used. Material and methods: The study included 102 patients over the age of 65 
years. Basic anthropometric measurements and a body composition analysis were performed. An abnormal 
nutritional status was diagnosed based on the results of the MNA-SF test, laboratory tests (serum albumin 
levels, total lymphocyte count - TLC) and the European Society for Clinical Nutrition and Metabolism’s 
(ESPEN) 2015 criteria regarding nutritional status. Results: An abnormal nutritional status was found in 
75% of the subjects. It was most frequently diagnosed based on the MNA-SF score (66%) and laboratory 
test results (53%), and most rarely based on a BMI measuring less than 18.5 kg/m2 (5%). There was no sta-
tistically significant correlation between a BMI < 18.5 kg/m2, the MNA-SF score and laboratory test results. 
The MNA-SF test score had the strongest correlation with results obtained using the ESPEN criteria which 
included a reduced fat-free mass index (FFMI) combined with an unexpected loss of body weight. Conclu-
sions: Of the analysed criteria used to assess nutritional status, the MNA-SF screening tool and the laboratory 
test results had the highest sensitivity. In this age group, the ESPEN criteria including FFMI were the most 
useful, and the criterion based only on a BMI of less than 18.5 kg/m2 was the least useful. 
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O r i g i n a l  a r t i c l e

Introduction

Malnutrition among patients admitted to hospi-
tals is usually underdiagnosed and untreated, and caus-
es what is known as hospital malnutrition (1, 2). The 
condition is considered a separate disease entity, and is 
therefore is listed in the International Statistical Clas-
sification of Diseases and Related Health Problems 
under the “malnutrition” heading (E40 - E46) (3). 
Malnourished patients usually develop more common 
complications, which result in longer hospitalisation, 
longer recovery periods and even higher mortality 
compared to patients with a normal nutritional status. 
As with all diseases, malnutrition should be treated 

according to valid guidelines, and its early diagnosis 
should be considered a priority for medical staff (4-6). 

The process of diagnosing malnutrition starts with 
a screening test, performed when patients are admit-
ted to hospital. In Poland, according to the regulation 
of the Ministry of Health dated 15.09.2011 (amended 
22.11.2013), the tools recommended for the routine 
evaluation of hospitalised patients’ nutritional status 
are the NRS-2002 (Nutritional Risk Score-2002) 
and the SGA (Subjective Global Assessment) scales 
(7,8). For elderly patients, an alternative to these scales 
is the widely used MNA (Mini-Nutritional Assess-
ment) scale. A shorter version of this tool (MNA-
Short Form, MNA-SF® Nestlé Nutrition Institute) 
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(9) contains questions regarding reduced intake of 
food and loss of body weight during the previous 3 
months; ability to move independently; presence of a 
serious somatic disease or severe psychological stress 
during the previous 3 months; assessment of cognitive 
impairment and/or depression; and current Body Mass 
Index (BMI). A total evaluation of nutritional status 
should be performed for each patient suspected to be 
malnourished or at risk of malnutrition. Apart from 
standard anthropometric measurements, this evalu-
ation should include selected laboratory tests and a 
body composition analysis by the electrical bioimped-
ance method (10). 

In 2015 the European Society for Clinical Nutri-
tion and Metabolism (ESPEN) convened a group of 
experts to determine a minimum set of criteria to be 
used, irrespective of the related disease entity and its 
aetiology, to diagnose malnutrition, as well as to stand-
ardize international terminology. According to ES-
PEN, patients at risk of malnutrition should be initial-
ly identified using validated screening tools. Moreover, 
it was unanimously concluded that a BMI value below 
18.5 kg/m2 is not sufficient to diagnose malnutrition. 
However, when the patient’s BMI is above this value, 
it is necessary to use one of two other equivalent meth-
ods to diagnose malnutrition. It is necessary to confirm 
both an unexpected loss of body weight and a low val-
ue for either BMI or fat-free mass index (FFMI). Such 
a loss of body weight is defined as a loss of more than 
10% of body weight within an unspecified time frame, 
or more than 5% within 3 months. A reduced BMI is 
defined as less than 20 kg/m2 and less than 22 kg/m2 

for young people and subjects over the age of 70 years, 
respectively. Meanwhile, a low value of fat-free mass 
index (FFMI) is defined as less than 15 kg/m2 and less 
than 17 kg/m2 for women and men, respectively (11).

Objective

The research aimed to determine the prevalence 
of abnormal nutritional status among patients over 65 
years of age using various diagnostic criteria. An ad-
ditional objective was to analyse correlations between 
the various criteria used to diagnose abnormal nutri-
tional status.

Material and methods
 

The study included 102 patients (87 women and 
15 men) of a geriatric unit in one of Warsaw’s hospitals 
who were over the age of 65 years. The presence of a 
pacemaker was a criterion for exclusion from the study. 

Examination included a short version of the MNA 
screening test (MNA-SF® Nestlé Nutrition Institute) 
(9, 12), patients who scored 12 points or greater were 
classified as subjects with a normal nutritional status; 
those with a lower score were classified as subjects with 
an abnormal nutritional status (8-11 points – risk of 
malnutrition; 0-7 points – malnutrition). In addition, 
body height was measured with a SECA stadiometer, 
and an analysis of body composition combined with 
body mass measurement was performed with a TAN-
ITA analyser. Based on the measurements obtained, 
BMI was calculated as the quotient of body weight in 
kilograms divided by the square of body height in me-
tres; while fat-free mass index (FFMI) was calculated 
by dividing the fat-free mass in kilograms by the square 
of body height in metres. Additionally, laboratory test 
results for serum albumin levels and total lymphocyte 
count (TLC) per 1 mm³ of blood, obtained during the 
hospitalisation, were used. The results obtained were 
interpreted on the basis of MNA-SF ® Nestlé Nutri-
tion Institute test criteria (9), laboratory test standards, 
and the criteria for assessing nutritional status suggest-
ed by ESPEN in 2015 (Table 1). All measurements 
and evaluations were done by the same investigator. 

The results were analysed with STATISTICA 
software, version 13.1. Elements of descriptive statis-
tics were used, such as sample size tables, determina-
tion of distribution measures using measures of central 
tendency (arithmetic mean, median) and measures of 
variability (standard deviation, minimum, maximum). 
Moreover, the chi-square test for independence was 
used with appropriate modifications (corrections) de-
pending on the predicted size samples in study groups 
(namely Pearson chi-square, chi-square with Yates 
correction, Fisher’s exact test) to analyse correlations 
between the criteria used to diagnose abnormal nutri-
tional status. A P value < 0.05 was assumed as the level 
of statistical significance. The C Pearson’s contingency 
coefficient was used to assess the strength of correla-
tions between variables analysed in the chi-square test. 
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Results  

The mean age of subjects was approximately 80 
years, mean body weight was 69.3 ± 14.5 kg, body 
height 160.5 ± 7.3 cm, and BMI 26.8 ± 5.06 kg/m2 . 

Table 2 presents laboratory test results, and ta-

bles 3 and 4 present results of the body composition 
analysis. 

Of the 102 patients studied, 26 (25.5% of all partici-
pants) were classified as patients with normal nutritional 
status according to all accepted criteria. The remaining 
patients (n=76, 74.5%) were classified as patients with 

Table 1. Criteria used to diagnose an abnormal nutritional status according to various criteria used.

Interpretation Abnormal nutritional status

MAIN CRITERIA

MNA-SF® Nestlé Nutrition Institute (9) <12 points 

ESPEN 1 BMI < 18.5 kg/m²

or

unexpected body weight loss (> 5% within the last 3 months or > 10% 
within an unspecified time frame) 

and

BMI < 20 kg/m² for subjects < 70 yrs

BMI < 22 kg/m² for subjects > 70 yrs
ESPEN 2 BMI < 18.5 kg/m²

or

unexpected body weight loss (> 5% within the last 3 months or > 10% 
within an unspecified time frame)

and

FFMI < 15 kg/m² for women 

FFMI < 17 kg/m² for men
Alb and/or TLC serum albumin < 3.5 g/dL 

and/or 

total lymphocyte count (TLC) < 1500/mm³ of blood
PARTIAL CRITERIA

ESPEN 1/2a BMI < 18.5 kg/m²

ESPEN 1b unexpected body weight loss (> 5% within the last 3 months or > 10% 
within an unspecified time frame) 

and 

BMI < 20 kg/m² for subjects < 70 yrs

BMI < 22 kg/m² for subjects > 70 yrs
ESPEN 2b unexpected body weight loss (> 5% within the last 3 months or > 10% 

within an unspecified time frame) 

and 

FFMI < 15 kg/m² for women FFMI <17 kg/m² for men

Table 2 Laboratory test results of patients participating in the study (n=102)

Mean ± SD Median Minimum Maximum
Percentage of patients  

below the norm  
Serum albumin levels (g/dL) 3.550 ± 0.427 3.600 2.500 4.600 34.3
Total lymphocyte count 
(TLC/ mm³ of blood)

1,890.8 ± 1,158.6 1,608.0 697.0 8,000.0 39.2
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abnormal nutritional status based mainly on the MNA-
SF malnutrition screening test (66%, including 40% of 
patients with risk of malnutrition and 26% of patients 
with malnutrition) and laboratory test results (Alb and/or 
TLC) (53%). However, the fewest patients were identi-
fied as malnourished, (5%), by a particular interpretation 
of ESPEN criteria which included only a body mass in-
dex of less than 18.5 kg/m2 (ESPEN 1/2a) (Table 5).

Table 6 presents the results of a statistical analysis 
of correlations between the interpretations used to assess 
the nutritional status of the patients in the study. There 
was no statistically significant correlation between re-
sults of the BMI (ESPEN 1/2a) and the MNA-SF test, 
nor between BMI (ESPEN 1/2a) and laboratory tests 
(Alb and/or TLC). In the remaining cases, the studied 
correlations were statistically significant. The strongest 
correlation was observed between the ESPEN crite-
ria: ESPEN 2 and ESPEN 2b (contingency coefficient 
≈ 0.71), and ESPEN 1 and ESPEN 1b (contingency 

coefficient ≈ 0.69). Moreover, it was found that results 
from the MNA-SF test have the strongest predictive 
value for the results of ESPEN 2 and ESPEN 2b cri-
teria (contingency coefficient ≈ 0.42). The weakest cor-
relation was observed between laboratory test criteria 
(Alb and/or TLC) and ESPEN 1b (contingency coef-
ficient ≈ 0.24), and between laboratory tests (Alb and/or 
TLC) and ESPEN 1 (contingency coefficient ≈ 0.25). 

Of the 102 patients studied, 76 were classified as 
having an abnormal nutritional status according to any 
of the criteria. Taking this number of patients as 100%, 
22.4% of the patients were classified with abnormal 
nutritional status by the MNA-SF test alone (accord-
ing to which 17.1% patients were at risk of malnu-
trition, and 5.3% patients were classified as malnour-
ished). A further 10.5% were classified according to 
laboratory test criteria alone (Alb and /or TLC) , and 
about 20% according to the MNA-SF test combined 
with laboratory tests criteria (Alb and/or TLC).

Table 3 Results of the anthropometric measurements and body composition analysis in women participating in the study (n= 87)

Mean ± SD Median Minimun Maximum
% of patients – 
below the norm

% of patients – 
above the norm

Body weight (kg) 67.45 ± 3.45 68.40 33.40 109.80 - -

BMI* (kg/m2) 26.69 ± 5.02 26.22 15.25 41.33 29.8 32.2

Fat tissue (%) 32.92 ± 8.90 33.00 15.00 51.00 20.7 41.4
Fat-free mass index (FFMI) (kg/
m2)

3.07 ± 3.07 16.10 8.10 23.40 41.4 -

Body hydration (%) 48.50 ± 6.58 48.20 36.00 65.70 32.2 5.8

* reference values 24–29 kg/m² (11,13)

Table 4 Results of the anthropometric measurements and body composition analysis in men participating in the study (n= 15)

Mean ± SD Median Minimum Maximum
% of patients – 
below the norm

% of patients – 
above the norm

Body weight (kg) 80.02 ± 6.02 81.30 60.60 96.80 - -

BMI* (kg/m2) 27.53 ± 4.60 27.80 20.29 33.52 13.3 40.0

Fat tissue (%) 24.59 ± 6.42 23.50 15.70 37.10 0.0 46.7

Fat-free mass index (FFMI) (kg/m2) 19.48 ± 2.36 55.30 15.11 22.42 20.0 -

Body hydration (%) 55.17 ± 5.53 20.21 44.90 65.70 20.0 6.7

* reference values 24–29 kg/m² (11,13)

Table 5 Number of patients classified as subjects with an abnormal nutritional status depending on the criteria accepted.

MNA-SF ESPEN 1 ESPEN 2 Alb and/or TLC ESPEN 1/2a ESPEN 1b ESPEN 2b

Number of patients (N) 67 17 34 54 5 16 34

Percentage of patients 66% 17% 33% 53% 5% 16% 33%
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Finally, 21% of the patients were classified as hav-
ing an abnormal nutritional status based on all three 
criteria – MNA-SF, ESPEN 2 and Alb and/or TLC 
– and 15.8% of the patients were shown to have abnor-
mal nutritional status by all of the criteria which were 
selected for this study (Figure 1). 

Discussion 

The average age of the patients studied was ap-
proximately 80 years, which is ‘elderly’ by the World 
Health Organisation (WHO) definition (14). Subjects 
of this age are often malnourished and it may be the 
result of chronic diseases common in this age group. 

Moreover, malnutrition may be a result of insuffi-
cient energy supply and disorders associated with nutri-
ent digestion and absorption (9,15). This is confirmed 

by the results of the authors’ study - in the group of 102 
patients studied, 76 or about 75% of the research partic-
ipants, were classified as having an abnormal nutritional 
status. Similar results were obtained in a Portuguese 
study by Antunes AC et al. (16) using various methods to 
assess nutritional status: in a group of 201 hospitalised 
elderly patients, approximately 70% were shown to have 
an abnormal nutritional status. Meanwhile, studies in 
Ireland by O’Shea E. et al. (17) on a group of 606 pa-
tients aged over 70 years found that almost 60% had an 
abnormal nutritional status (45% were at risk of malnu-
trition and 18% were malnourished).

Analysing the results of the 7 interpretations 
studied (4 overall interpretations and 3 partial), it was 
concluded that the rate of studied patients classified as 
having an abnormal nutritional status (both at risk of 
malnutrition and malnourished) was the highest when 
the MNA-SF malnutrition screening tool (66%, n = 
67) and the laboratory test results (Alb and/or TLC) 
(53%, n = 54) were used (Table 5). This may indicate 
that these methods are more sensitive for diagnosing 
abnormal nutritional status compared to the other in-
terpretations analysed. The use of such criteria ensures 
a low risk of overlooking such disorders - a negative 
result is highly likely to indicate a normal nutritional 
status. However, it should be acknowledged that this 
would come at the cost of increasing the probability of 
obtaining a positive result in a subject with a normal 
nutritional status (a falsely positive result) (18). This 
may be confirmed by the results of the analysis per-

Table 6 Results of a statistical analysis of correlations between 
criteria used to assess the nutritional status of studied patients.

Contingency 
coefficient 

P value

MNA-SF vs ESPEN 1 0.3075624 < 0.01

MNA-SF vs ESPEN 2 0.4233308 < 0.0001

MNA-SF vs Alb and/or TLC 0.3667788 < 0.0001

MNA-SF vs ESPEN 1/2ª 0.1619295 Ns

MNA-SF vs ESPEN 1b 0.2976232 < 0.01

MNA-SF vs ESPEN 2b 0.4233308 < 0.0001

ESPEN 1 vs ESPEN 2 0.4619431 < 0.0001

ESPEN 1 vs Alb and/or TLC 0.2548236 < 0.01

ESPEN 1 vs ESPEN 1/2a 0.4526787 < 0.0001

ESPEN 1 vs ESPEN 1b 0.6942101 < 0.0001

ESPEN 1 vs ESPEN 2b 0.4619431 < 0.0001

ESPEN 2 vs Alb and/or TLC 0.4166547 < 0.0001

ESPEN 2 vs ESPEN 1/2a 0.3057089 < 0.01

ESPEN 2 vs ESPEN 1b 0.4440715 < 0.0001

ESPEN 2 vs ESPEN 2b 0.7071068 < 0.0001

Alb and/or TLC vs ESPEN 1/2a 0.1221591 Ns

Alb and/or TLC vs ESPEN 1b 0.2376260 < 0.05

Alb and/or TLC vs ESPEN 2b 0.4166547 < 0.0001

ESPEN 1/2a vs ESPEN 1b 0.3725964 < 0.0001

ESPEN 1/2a vs ESPEN 2b 0.3057089 < 0.01

ESPEN 1b vs ESPEN 2b 0.4440715 < 0.0001

Ns - no statistical significance

Figure 1 Percentages of patients classified as having an abnor-
mal nutritional status according to the 4 main criteria. 
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formed on the group of patients who were diagnosed 
with abnormal nutritional status based on any of the 
interpretations presented (n = 76). For 22.4% of the 
patients, this diagnosis was made based only on the 
results of the MNA-SF test – it was not confirmed by 
any other criteria. A similar situation may be observed 
for the interpretation of laboratory test results – 10.5% 
of the 76 patients analysed were classified as having an 
abnormal nutritional status based on this criterion, a 
classification not supported by the results of other cri-
teria (Figure 1). However, in this case it may also show 
that biochemical indicators do not necessarily overlap 
with the other criteria used to diagnose malnutrition, 
and this might be due to other factors, mainly in con-
nection with a disease. 

The criterion which found the lowest percentage 
of patients with abnormal nutritional status (merely 
5% of all respondents) was a BMI of less than 18.5 
kg/m² (ESPEN 1/2a) (Table 5). This proves that this 
method is the least sensitive compared to the other 
criteria and has limited practical use for evaluating pa-
tients’ nutritional status. This is also confirmed by the 
results which indicate no statistically significant cor-
relation between the criteria described above (ESPEN 
1/2a), the results of the MNA-SF test and laboratory 
test results (Alb and/or TLC). It should be also em-
phasised that all of the other correlations studied were 
statistically significant (Table 6). 

Analysing only the diagnostic criteria suggested 
by the European Society for Clinical Nutrition and 
Metabolism (ESPEN) in 2015, it can be concluded 
that criteria based on the fat-free mass index (FFMI) 
(ESPEN 2 and ESPEN 2b interpretations) are more 
effective in detecting abnormal nutritional status than 
the results based on BMI (ESPEN 1, ESPEN 1b, ES-
PEN 1/2a interpretations). This is understandable con-
sidering the fact that the process of ageing is associated 
with a loss of muscle mass and an increase of fat tissue. 
Reduced muscle mass (sarcopenia) is often observed 
among elderly patients. Roubenoff et al. (19) noticed 
that these unfavourable changes in the body composi-
tion develop irrespective of changes in the body mass 
and, consequently, in the body mass index. Moreover, 
in elderly patients, sarcopenia very often coexists with 
obesity, leading to sarcopenic obesity. Whereas the in-
cidence of sarcopenia is estimated at 13% of patients at 

the age of 60, this problem affects as many as 50% of 
patients at the age of 80 years old (20,21). 

Three of the criteria for diagnosing abnormal 
nutritional status presented in this study, MNA-SF, 
Alb and/or TLC and ESPEN 2, are largely consistent 
(Figure 1). Moreover, correlations between these in-
terpretations show a high contingency coefficient and 
this indicates a strong correlation (Table 8). Based on 
these results, it is concluded that such a set of criteria 
should be used widely to assess the nutritional status of 
patients over 65 years of age. 

Conclusions 

An abnormal nutritional status is common among 
hospitalised patients over the age of 65 years. 

Of the nutritional status criteria analysed, the 
MNA-SF screening tool and laboratory test results 
seem to have the highest sensitivity.

For patients over 65 years of age, the results of 
the MNA-SF malnutrition screening tool have the 
strongest predictive value with regard to the results of 
a nutritional status assessment, including the reduced 
fat-free mass index (FFMI), combined with a confir-
mation of an unexpected loss of body weight (ESPEN 
2 and ESPEN 2b).

The criterion based only on a BMI less than 18.5 
kg/m2 was the least useful for assessing nutritional sta-
tus in patients in this age group, due to the unfavour-
able changes in body composition observed in elderly 
patients. 

The set of criteria most effective for assessing nu-
tritional status of patients over 65 years of includes the 
MNA-SF test, laboratory tests and a reduced FFMI, 
combined with confirmation of an unexpected loss of 
body weight.
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Summary. Aim: Consumption of packaged ready-to-eat food is increasing steadily worldwide. Indeed, rel-
evant literature highlights that package food could affect children’s growth and development negatively be-
cause of the additive ingredients. Methods: This descriptive research aims to investigate packaged ready-to-eat 
food consumption status of the parents who had under 18 years old children, and lived in a region where 
middle and low income families live, and the factors that affect ready-to-eat food consumption. Quantitative 
data were collected using a questionnaire that consisted of 31 questions. Number, percentage, mean, standard 
deviation, Chi square tests were used to present findings. Results:The findings showed that although most of 
the parents expressed that packaged foods were harmful to health, parents kept package foods in their houses 
and they had a store for the package foods that they called junk food drawer. Parents bought packaged foods 
for their children for various reasons because of children’s desire, the effect of the trade of the product and 
the effect of the label of the food. Parents’ age, gender, education and income status and also the number of 
children parents had affected buying packaged ready-to-eat food and gender, education and income, the num-
ber of children parents affect the reason why parents buy packaged ready-to-eat food and participants’ age 
affected the features considered while buying the packaged ready-to-eat food affect the. Conclusion: Raising 
awareness among the parents regarding the negative effects of packaged ready-to-eat food is significant, and 
activities to raise awareness should be disseminated in all units of the society that are concerning children. 
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O r i g i n a l  a r t i c l e

Introduction 

Nutrition is very important in infancy and child-
hood periods when growth and development pro-
cess is rapid (1). Rate of packaged ready-to-eat food 
consumption is increasing because of various reasons, 
including improvement in the economy, social and 
cultural changes, being easy for transportation and 
buying, colored package and good taste (2,3). It is no-
table that some packaged ready-to-eat foods are lack 
of protein, vitamin, mineral and fiber but also included 
some additive nutrients as high level refined sugar, 

white flour, trans fat, salt, food coloring and mono so-
dium glutamate which are lack of fiber and have high 
glycemic index (3,4). The relevant literature highlights 
that consumption of packaged ready-to-eat food af-
fects mental health and could cause psychiatric stress 
and violence behavior (5). 

Consumption of packaged ready-to-eat food is 
also common in our country, Turkey, like in various 
different countries all over the world (6).In Turkey, it 
is known that 64.0% of the children consumed fruit 
juices as additional food since the children are in their 
month after birth (7), 69,6% of school aged children 
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have junk food snacking habits and 7.5% of them were 
obese (7). Also, among the primary school children, 
88% of the children consumed sugar-chocolate at 
least once or twice and more a week, 71.7% consumed 
crisps-potato, 40.4% consumed cola (8). 

Given the alarming problem regarding the ready-
to-eat food, there is an urgent need to raise awareness 
in the public worldwide. Transforming healthy nutri-
tion to life style to reach expected quality of life during 
globalization process is significant (9). Thus, it is im-
portant to investigate parents’ packaged ready-to-eat 
food consumption habits and disseminate information 
about the hazards of packaged ready-to-eat food for 
the healthy generations. 

Methods

Aim and Design
This descriptive, cross-sectional study aimed to 

determine the ready-packaged food consumption of 
parents who had 18 aged and under children and the 
effective factors.

Sample and Setting
The data were collected using a questionnaire 

form in a middle and low-income level center of An-
kara. The centers with income levels in Ankara city 
center were determined before the research started. 
The center district with low and middle income was 
selected randomly from between the 7 central districts 
determined. This center district was 524,222 total 
population (10).  There was only a state hospital in the 
designated district. This hospital annual total outpa-
tient population was 1.300.000 people approximately 
between January- December 2014. 

Participant
The study were collected from 1,004 parents 

who had 18 aged and under children, accepted to 
participate. Firstly, adults over 18 years of age who 
were admitted to hospital for treatment were identi-
fied. Secondly, it was determined whether these adults 
had children under 18 years of age. Parents who were 
voluntary to participate in the research were identified. 
The study were finished with1,004 parents.

Data Collection
Data were collected between 01.09.2015 and 

01.09.2016 using a questionnaire form. In the first part 
of the questionnaire, there were 31 questions, which 
aimed to obtain information regarding parents’ soci-
odemographic characteristics, children’s size. In the 
second part of the questionnaire, parents were asked 
about the types of packaged ready-to-eat food con-
sumed by their children, the frequency of consump-
tion, reasons for buying ready-made food and the fac-
tors affecting them to buy. The underlying reason to 
use the questionnaire was the aim to reach as many 
parents as possible. 

Analysis 
For statistical analysis frequency, percentage, 

mean, standard deviation and chi-square tests were 
used.  It is accepted meaningful when p value is un-
der 0.05. Evaluation was done by IBM SPSS Statistics 
21.0 (IBM Corp. Released 2012. IBM SPSS Statistics 
for Windows Version21.0. Amornk, NY: IBM Corp.) 

Ethical Approval
Prior to study, ethical permissions (Ankara 

Yildirim Beyazit University Ethical Committee, 
28.08.2015/95) were taken. Participants signed a writ-
ten consent form voluntarily after receiving sufficient 
explanation of the study purposes and procedure. The 
collected data were kept.

Results 

Parents’ median age was 33.91±7.78 years old, 
had 1,84±0.83 children and 2.4925±1.1100 in average. 
Most of the parents were women (69.7%), and they 
graduated from high school (46.9%), had got 2 children 
(41.5%), and a housewife (48.9%). Also, 67.1% of the 
children were students. Findings showed that 80.2% 
of the parents had a ‘junk food drawer’ in their houses, 
99.3% of them bought packaged/junk foods for their 
children during shopping, 46.7% bought packaged/
junk foods because their children wanted. Although 
most of the parents (77.3%) admitted that packaged/
junk foods were harmful, 54.8% parents bought them 
because they were affected from the brand of the prod-
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uct, %47.3 parents. In addition, 40.6% of the parents 
stated that their children consumed ready-packaged 
food every day, and 51.0% of them added that their 
children were affected from their friends the most to 
eat packaged/junk foods. 58.6% of the parents admit-
ted that they allowed their children to eat packaged/
junk foods after meals (Table 1).

Parents stated that their children consumed choc-
olate, ready fruit juice, crisp, biscuit, ready cake, wa-
fer, fermented food as pepperoni/salami and packaged 
ice-cream twice a week, most frequently, opened ice-
cream, packaged ice-cream and packaged sweets once 
a week and parents reported that their children did not 
consume fizzy beverages (Table 2). 
 A significant correlation was found out when parents’ 
age, gender, education, having children and buying 
packaged/junk food, are compared with parents’ gen-
der, education, monthly income, number of children 
and reasons of buying packaged/junk food. Also, with 
parents’ age, the features of packaged/junk foods that 
parents considered while buying (p<0.05, Table 3), 
there was a significant correlation.

Discussion

In Europe, as families’ educational level increases, 
their high-energy food consumption increases. How-
ever, it is notable that families from all education level 
background consume high-energy food consumption, 
such as sugary-acid beverages, chips, sweet, and sugar, 
increases (11). Buying ready-packaged food was high-
er among women in this study. This finding is con-
sistent with Yılmaz et al.,’s study which indicated that 
women are more effective in choosing junk food.12 This 
study has shown that parents of every educational level 
and economic level tend to buy ready-packaged food. 
Younger age group and parents with high school grad-
uation tend to take more of these kinds of foods. That 
parents who are young and female with two children 
affected ready-packaged food purchasing (p<0.05) 
(Table 3). 

Most of the parents reported that packaged ready-
to-eat food was harmful to health. However, most of 
the parents kept packaged ready-to-eat food in their 

Table 1.   Features belong to the status of reading ready pack-
aged food
Features (N=1004) n %
Being a “Ready ( Junk) Food Drawer” 806 80.2
Going with the child to the shopping 867 86.4
Buying ready packaged food for child 
during shopping 

1003 99.3

Reason for buying ready packaged 
food 
Child’s asking 468 46.7
Rewarding of child 222 22.1
Temporizing of child  234 23.3
Preventing child’s emulating by seeing 
from other children 

80 8.0

Thinking that it is harmful for health 
Yes 776 77.3
No 174 17.3
No idea 54 5.4
Features in chosing food* 
Trade of food 550 54.8
Cost of food 314 31.3
Child’s desire 308 30.7
Being saturator of food 214 21.3
Advertisement  of food 178 17.7
Taste of food 155 15.4
Package type  71 7.1
Previous experiences 67 6.7
Information that taken from family 
and friends

21 2.1

Frequency of consumption 
Every day 280 27.9
Once in a week 408 40.6
Twise and more in a week 247 24.6
None  69 6.9
Factors that were thought as effective 
on consumption* 
Friends 512 51.0
Television advertisement 475 47.3
Siblings 151 15.1
Parents  (Mother/father) 94 9.4
Consumption times in day 
Before meals 117 11.7
After meals 588 58.6
Any time in day/when child wanted 266 26.5
None 33 3.3
Frequency of consumption 
Every day 280 27.9
Once in a week 408 40.6
Twise and more in a week 247 24.6
None  69 6.9
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Table 2. Frequency of ready packaged food consumption according to types

FOOD TYPE (N=1004)

Frequency of Consumption

Once in a week Twice or more in 
a week Ever day None

n % n % n % n %
Chocolate  250 24.9 421 41.9 268 26.7 65 6.5
Fizzy drink 214 21.3 229 22.8 258 25.7 303 30.2
Ready fruit juice 276 27.5 367 36.6 201 20.0 160 15.9
Crips 285 28.3 320 31.9 194 19.3 205 20.4
Biscuit, ready cake, wafer 307 30,6 396 39.4 204 20.3 97 9.7
Fermented meat products (pepperoni/salami/sausage) 309 30.7 358 35.7 203 20.2 134 13.4
Open aci-cream 367 36.6 270 26.9 180 17.9 187 18.6
Packaged ice-cream 258 25.6 261 25.9 255 25.4 230 23.0
Packaged sweet 405 40.3 286 28.4 133 13.3 180 18.0

Table 3. Comparing sociodemographic features of parents and variables related to ready packaged food

Variables

Taking status (n=1004) Reason of taking (n=1003) Considered points during taking 
(n=986)

Yes No Child’s desire
Initiative of 

parent
Belong to prod-

uct
Belong to child/

parent
n % n % N % n % n % n %

Age
18-35 years 505 55.7 66 68.0 279 59.8 292 54.6 397 59.1 165 52.5
36-45 years 333 36.7 21 21.6 156 33.3 197 36.8 236 35.1 110 35.0
46-60 years 69 7.6 10 10.3 33 7.1 46 8.6 39 5.8 39 12.4
Analysis* X2: 8.808; p: 0.012 X2: 2.734; p: 0.255 X’. 13.445; p: 0.001
Gender
Women 623 68.7 76 78.4 355 75.9 344 64.3 477 71.0 207 65.9
Man 284 31.3 21 21.6 113 24.1 191 35.7 195 29.0 107 34.1
Analysis* X2: 3.868; p: 0.049 X2:15.781; p: 0.000 X2:2.551; p: 0.126
Education status
Literate/primary 307 33.8 34 35.1 178 38.0 162 30.3 229 34.1 104 33.1
High school 436 48.1 33 34.0 200 42.7 269 50.3 309 46.0 154 49.0
University/ postgraduation 164 18.1 30 30.9 90 19.3 104 19.4 134 19.9 56 17.8
Analysis* X2:11.224; p: 0.004 X2: 7.472; p: 0.024 X2: 0.978; p: 0.613
Income
400-1500 Turkish Liras 167 18.4 20 20.6 85 18.2 102 19.1 120 17.9 65 20.7
1501-3000 Turkish Liras 594 66.3 65 67.0 292 62.4 366 68.4 443 65.9 201 65.3
3001-8000 Turkish Liras 146 16.1 12 12.4 91 19.4 67 12.5 109 16.2 48 15.3
Analysis* X2: 1.033; p: 0.597 X2: 9.078; p: 0.011 X2: 1.159; p: 0.560
Number of children
1 child 339 37.4 53 54.6 145 31.0 247 46.2 265 39.4 122 38.9
2 children 390 43.0 26 26.8 203 43.4 213 39.8 271 40.3 138 43.9
3 children 178 19.6 18 18.6 120 25.6 75 14.0 136 20.2 54 17.2
Analysis* X2:12.287; p:0.002 X2:32.837; p:0.000 X2:1.722; p:0.423
*Pearson Chi Square test 
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house and they had a storage space called “Packaged 
ready-to-eat food drawer” in Turkey (Table 1). In other 
words, children had storage that children can reach the 
packaged ready-to-eat food whenever they wanted. Re-
cently, Ministry of National Education in Turkey has 
introduced certain inhibitions on selling ready package 
food, such as fried, crisp, chocolate, wafer, sugar, cake 
and beverages with sweeting, at school canteens with 
an aim to keep the children away from these foods (13). 
However, not only the school environment but also the 
home environment seems to play an important role in 
the consumption of ready-to-eat foods. Even if the chil-
dren can not reach the school, we think they can easily 
consume these ready-to-eat foods at their home. It is 
important to determine the prevalence of such practices 
by parents. Because determining the prevalence can as-
sist to the identification of risks and the work done to 
gain the right consumption habits.

The main reasons why parents chose pre-packaged 
foods are the brand and price of the product and also 
the children’s desire (Table 1). When the findings ob-
tained in this study compared with Bal et al.,’ findings 
(2006), their findings showed that 16.6% of the con-
sumers preferred to buy the foods because they were 
influenced from the brand of the product (14) which is 
fewer than what is found in the represent research. The 
findings in the present study revealed that there was a 
significant difference among 18-35 age group of young 
parents who selected pre-packaged foods considering 
the characteristics of the product as shown in Table 3 
(p = 0.001). Young parents were paying attention to 
the product feature in selecting ready-to-eat foods for 
their children. Consumption habits are shaped begin-
ning from childhood stage. It is stated that shopping 
behaviors of parents could affect consumption behav-
iors of children (15).

In this study, the findings showed that the parents 
were shopping with their children and 90.3% of them 
bought ready-packaged food for their children while 
shopping (Table 1). Consumption habits are shaped 
from childhood. Parents’ attitudes may have an ef-
fect on the children’s consumption behavior towards 
the ready-packaged food. Some of the parents were 
aware of their own effect on their children, and they 
thought that their children were affected by them-
selves as mother and father while they were asking 

for these products (Table 1). Women mostly bought 
these foods because of their children’s desire and par-
ents who were graduated from high school and had 
1501-3000 Turkish liras income and parents with only 
one child bought these foods because of their own 
initiative (Table 3). There was a significant difference 
among gender, education, income and number of chil-
dren (p<0.05, Table 3) regarding reasons why parents 
bought ready-packaged food. We thought ready-pack-
aged food intake rates together with the parents’ chil-
dren, were important. 

In the present study, according to the parents, 
the two most important reasons why their children 
consumed ready-packaged food were their children’s 
friends and TV adverts (Table 1). In the literature, 
there is a discussion that TV adverts promote the con-
sumption of the packaged ready-to-eat food, and, with 
repeated messages, the adverts made the consumption 
of the packaged ready-to-eat food becomes as if they 
were normal to eat (16) although these foods increased 
the sugared food consumption among children (17). 
In Turkey, advertisements affected food shopping and 
mostly junk foods, such as chocolate, wafer, crisps, 
drinks and fizzy drinks were bought (9). 

In Sweden, 24% of the pre-school children’s daily 
energy is consumed from ready-to-eat foods, such as 
packaged ready-to-eat foods, sweet, cake, candy and 
crisps (18). However, in Turkey, children start to their 
additional nutrition with some foods as fizzy drinks in 
the 13th month, ready fruit juice in the 10th month and 
chocolate, crisps, wafer in the 11.7 month after birth 
(9). 42.3% of the 7-14 aged children consumed ready-
packaged food at least once in a week (8). Although 
some parents stated that they did not allow their chil-
dren to drink fizzy drinks, the findings showed that 
children consumed chocolate, fizzy drink, ready fruit 
juice, crisps, biscuit, cake and wafer at least once a 
week (Table 2). That sugared beverages and fruit juices 
have high fructose and starting to consume of these 
foods increases risk in term of health (19).  Daily and 
weekly consumption of packaged ready-to-eat food is 
significantly associated with psychiatric stress in chil-
dren (5). Parents are not aware of the potential risks, 
the frequency of ready-packaged food consumption 
was a considerable amount and even after meals, chil-
dren consumed these types of foods mostly chocolate, 
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fizzy drinks, fruit juice, and packaged ice-cream after 
meals almost every day.  
Packaged ready-to-eat foods which contain basic nu-
trients, such as fewer amounts of protein, vitamin, 
mineral, but more amounts of food additives, such as 
salt, sugar and fat (20) contain very different chemical 
components (21).  It is known that oils as palm oil, 
salt, nitrite, nitrate, sodium and potassium salts that in 
the content of the packaged ready-to-eat foods could 
bring about cancer and cardiovascular diseases (22-26)  

and taking an excessive amount of monosodium glu-
tamate could lead to a toxic and dependent effect (27). 

In the present study, the findings showed that 35.7% of 
the parents allow their children to consume processed 
foods, such as pepperoni, salami and sausage, twice and 
more in a week (Table 2). Although the hazards of the 
processed additives are known, it is notable that par-
ents allowed their children to eat the processed foods. 

As a result, the findings in the present study sug-
gest that parents from all ages, education level and 
income status tend to consume ready foods for their 
children and most of the Turkish families also have 
ready foods. Parents think that their children’s friends 
and television advertisements affect children’s ready 
food consumption. The main aim of the child health 
nurse is to ensure that children and adolescents grow 
up in the community healthily in term of physical, 
emotional and social aspects (28). Given that nutrition 
has an important role in the children’s growth and in 
childhood, inadequate nutrition in this period causes 
various health problems and may affect an individual’s 
life negatively (1). Thus, child health nursing should 
inform the parents and children about possible dangers 
of prepackaged food and their consumption habits. In 
addition, activities should be organized to gain healthy 
eating habits. The reasons for the ready food consump-
tion should be determined by more comprehensive re-
search. While the trend of natural food consumption 
in the world is increasing, it should be investigated 
why ready food consumption in Turkey is high.

It is important to raise public awareness of the 
consequences of ready-foods consumption. For this 
purpose, regular multidisciplinary (health, education, 
media, etc) trainings and evaluation of the results of 
the trainings can be suggested.
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Summary. Background: Sufficient nutrition effects the survival and life quality of gynecologic oncology patients. 
The prevalence of malnutrition among gynecological cancer patients at the time of their diagnosis is estimated 
to be 20%. The main aim of the study is to provide the care recommendations that can be applied to any gy-
necologic surgery clinic to reduce the incidence of malnutrition after surgery and to investigate the effects of 
malnutrition on the healing process of the patient. We aimed also to improve the nutritional status of inpatients 
and to increase the awareness of malnutrition in hospitals. Methods: Our study was a prospective study conducted 
with 403 patients, 334 of whom were oncologic, at the gynecology clinic of the University of Trakya between 
February 2017- January 2019. Nutritional characteristics were evaluated with NRS-2002 during the preopera-
tive period. Results: The increase in the rate of complications was observed to increase with the risk of malnutri-
tion. It was observed that oncology patients who were hospitalized and operated in gynecology services were at 
risk for malnutrition. Our study draws attention to the need for nutritional support and follow-up for those at 
risk of malnutrition. Discussion: To identify patients at risk for malnutrition and to intervene in their nutrition 
program can help to make significant progress in the patient’s healing process. In our study, we observed that the 
increase in complication rate led to an increase in the tendency of malnutrition. The rate of gynecologic oncol-
ogy patients who were at nutritional risk was not to be underestimated. Nutritional support plans of patients 
with preoperative malnutrition were required to reduce postoperative morbidity and improve long-term patient 
outcomes. It is therefore important that in gynecological cancer patients the nutritional risk is determined dur-
ing their hospitalization and so that, trough treatment, malnutrition can be prevented.

Key words: nutrition, malnutrition, nutritional support, gynecological oncology, patient outcomes
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O r i g i n a l  a r t i c l e

Introduction 

Inadequate nutrition is commonly associated with 
chronical conditions. These chronical conditions create 
an excessively demanding metabolic environment in 
which the organism’s ability to retain its protein load be-
comes endangered. If this increase in demand is not sup-
ported through a rigorous diet or therapeutical sources, 
it will lead to gastrointestinal malabsorption, impaired 
immunological response, impaired plasma protein syn-
thesis in the liver and ultimately consumption of the vis-
ceral protein load. The nutritional status of gynecologi-

cal cancer patients should be assessed through a range of 
anthropometric measurements (weight loss, body mass 
index (BMI), immunological measurements (such as 
total lymphocyte count etc.)). The prevalence of malnu-
trition among gynecological cancer patients at the time 
of their diagnosis is estimated to be 20%. Sufficient nu-
trition effects the survival and life quality of gynecologic 
oncology patients (1, 2).

Malnutrition and patients care are topics that 
should be addressed at women’s health services. Once 
the patients care has been assessed through a multi-
disciplinary approach it should be balanced at the 
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gynecological clinic. Four topics stand out regarding 
this matter; preparation for gynecological surgery, ac-
knowledgement and prevention of nutritional risks, 
supplementations that will be needed to improve 
health condition after surgery and lastly prevention of 
possible complications by adequate nutritional man-
agement. Despite differences in quality of patient care-
taking among different clinics, a fair level of standardi-
zation should me promoted.

 Nutritional screening tests hold an important 
place in the evaluation of patients with malnutrition 
and malnutrition risk. Among these tests, NRS-2002 
(NUTRITIONAL RISK SCREENING -2002) is a 
test that is widely used worldwide and is recommend-
ed by ESPEN (European Society for Clinical Nutri-
tion and Metabolism) (3).

Many studies have shown that patients at risk for 
nutritional support benefitted greatly from nutritional 
supplements and the usage of NRS-2002 in the clinics 
has helped identify the patients who are more in need 
of nutritional support from those who are less. This 
valuable test is based on a large number of scientific 
studies, emphasizing its value and strength (3, 4).

The relationship between malnutrition and poor 
postoperative outcomes in surgical patients is well es-
tablished in areas such as gastrointestinal, cardiovascu-
lar, orthopedic, neurosurgery and cardiovascular surgery. 
However, the literature specific to the gynecologic pa-
tient is limited. It is important to evaluate preoperative 
nutritional status and provide nutritional support or al-
ternative treatment options when necessary.

In reproductive-age-women, hysterectomy is the 
second most common gynecological surgical proce-
dure. Studies indicate that one in nine women will 
undergo hysterectomy sometime during their lifetime 
(5, 6). Because gynecological oncology operations are 
performed more in tertiary health centers, some stud-
ies show that the risk of malnutrition is higher therein 
(7, 8).

In the period leading to surgery, all health care 
nurses evaluated the nutritional risks in order to avoid 
malnutrition after surgery. The effect these risks had 
on complications and on the hospital stay was evalu-
ated then in the post-surgical period.

The aim of our study is to determine the nutri-
tional risk at the time of hospitalization, the nutritional 

support rate of patients at risk and the nutritional risk 
one week after hospitalization of gynecology patients 
being admitted at tertiary health centers. We aimed 
also to provide the nursing care recommendations that 
can be applied to any gynecologic surgery clinic to re-
duce the incidence of malnutrition after surgery and to 
investigate the effects of malnutrition on the healing 
process of the patient.

Methods

In our study, the data of 403 patients waiting to 
undergo surgery in Trakya University Medical Faculty 
Hospital Gynecology Clinic between February 2017 
and January 2019 were investigated prospectively. The 
patients awaiting surgery for gynecological indications 
were evaluated during their first 48 hours of hospital 
stay. An informed consent was obtained from all vol-
unteer patients. The patients’ sociodemographic char-
acteristics and risks of malnutrition were examined. 
Nutritional characteristics were evaluated with NRS-
2002 during the preoperative period.

Pathological specimen of 334 of all patients 
showed malignant characteristics. Patients with kidney 
disease, heart failure, generalized edema, gastrointesti-
nal system diseases were excluded from the study.

NRS 2002 is an accepted scale to determine the 
risk of malnutrition by ESPEN as well as by the Chinese 
Society of Parenteral and Enteral Nutrition (CSPEN). 
This is a screening test that assesses the adequacy of nu-
tritional support, especially in patients hospitalized for 
any disease and it was developed not only for the elderly 
but for all hospitalized persons (young and old). It con-
tains nutritional information and reflects the severity of 
the disease and increased nutritional requirements. It 
focuses on people who are in acute care and need nu-
tritional support and is a screening test developed by 
randomized controlled trials (8). The necessity of nu-
tritional support is based on the severity of the disease 
and the risk of malnutrition. It’s a system that scores 
according to BMI, weight loss, nutrient intake and age 
(4). The fact that this system is based on many scientific 
data makes it even more valid. It is overall a screening 
test that assesses the adequacy of nutritional support, 
especially in cases of acute illness.
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It is not always possible to obtain clear informa-
tion about weight loss, BMI and recent nutrition over 
the past 3 months. In case of uncertainty, it is recom-
mended and encouraged to accept the patient as being 
at risk. For patients who had a score of ≤3, but who 
were expected to be ≥3 in the near future (individuals 
undergoing major gyneco-oncologic surgery), a nutri-
tional plan was made available to the attending physi-
cian and nurse and the patient was then referred to 
the dietitian. As recommended for other patients, the 
NRS-2002 was repeated one week later; at the hospi-
tal if the patient was still there and if not by telephone.

Ethical approval was obtained from Trakya 
University Medical Faculty Scientific Research Eth-
ics Committee for our study (Decision number: 
2017/49/21). Permission was also obtained from the 
board of the Faculty of Medicine Hospital.

SPSS 21.0 Package Program was used in all sta-
tistical analyzes. The normal distribution was evaluat-
ed by Shapiro-Wilk test. If two groups were compared, 
Mann-Whitney U test was used. One-way analysis 
of variance (Anova) was used when comparing three 
groups. Descriptive statistics for numerical variables 
were analyzed as mean, standard deviation or median 
and quarterly distribution ratio. Descriptive statistics 

for categorical variables were given as percentage and 
frequency. The significance level was determined as 5% 
in all statistical analyzes.

Results

A total of 403 planed and performed gynecologic 
operations of patients between 18 – 87 years-of-age 
were included in this study. The performed gyneco-
logical operation was suited to the matching indica-
tions. Patients were evaluated 24-36 hours before the 
operation. After the pathology results are examined 
334 patients were found to malignant and 69 patients 
were found to have benign conditions. The mean age 
of patients with malignancy was 55.3; the mean age of 
the patients with benign pathology was 35.8.

Among the assessed benign etiologies, 22 patients 
had myoma uteri, 5 patients had pelvic inflammatory 
diseases, 17 patients had uro-gynecologic diseases, 14 
patients had endometriosis and benign ovarian cysts 
and 11 patients had other benign gynecological pa-
thologies. The patients with borderline and malignant 
pathology were included in the gynecological cancer 
group. 129 patients were operated for endometrial pa-

Table 1. NRS 2002 form used for the evaluation of patients

BASIC EVALUATION

Impaired nutritional status Point

+

Severity of disease

Normal nutritional status
0 

(None)
Normal nutritional requirements

0 
(None)

Weight loss <5% in 3 months or food intake 
below 50–75% of normal requirement in 
preceding week

1
 (Mild)

Hip fracture, chronic patients, in particular with 
acute complications: cirrhosis, COPD. Chronic 
hemodialysis, diabetes, oncology

1
 (Mild)

Weight loss >5% in 2 months or BMI 18.5 – 
20.5 + impaired general condition or food intake 
25–60% of normal requirement in preceding 
week

2 
(Moderate)

Major abdominal surgery, stroke, severe pneu-
monia, hematologic malignancy

2 
(Moderate)

Weight loss >5% in 1 month (>15% in 3 months) 
or BMI <18.5 + impaired general condition or 
food intake 0-25% of normal requirement in 
preceding week

3 
(Severe)

Head injury, bone marrow transplantation, In-
tensive care patients (APACHE >10).

3 

(Severe)

TOTAL SCORE : A +1
If age  ≥70 TOTAL SCORE : B

TOTAL  NRS 2002: A + B
*Original study1; NRS 2002 (Kondrup et al).
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thologies and mesenchymal malignancies of the uter-
us, 108 for adnexal malignancies, 46 for cervical ma-
lignancies, and 51 for other malignancies (gestational 
trophoblastic diseases, etc.). After the gynecological 
operations, the results of the pathological results and 
the preoperative NRS 2002 results were examined.

403 patients, 334 of whom were oncologic, were 
included in the study. By using the NRS 2002 we pro-
spectively evaluated the risk of malnutrition in patients 
in this tertiary gynecologic health center.

In our study we evaluated whether the BMI was 
below 20.5, whether there had been weight loss in the 
last 3 months, whether there was a decrease in dietary 
intake in the last week and whether there was an acute 
or chronic disease. If the answer to any of these ques-
tions was yes, then we switched to the scoring system. 
Scoring consisted of two parts: ‘nutritional status’ and 
‘disease severity’ and was calculated by 4 separate scor-
ing evaluations, ‘no problem’, ‘mild’, ‘moderate’ and 
‘severe’. Scoring 0-3 was used for each section. While 
assessing the nutrition section of the scoring, BMI, the 
percentage of recent weight loss and recent food intake 
was evaluated. Patients over seventy years of age also 
received 1 more point due to age. It was concluded that 
patients who a total score  ≥ 3 were under nutritional 
risk.

Score 1 included patients with chronic diseases 
and hospitalized patients due to complications. These 
were fallen patients, but were able to get out of bed 
regularly. Protein requirements were increased, but 
were overcome by oral diet and support. Score 2 in-
cluded patients who had become bedridden due to in-
fection or a major abdominal surgery. Protein require-
ments were significantly increased and in some cases 
artificial feeding was required. In NRS 2002, score 3 

consists of patients in need of intensive care with ino-
tropic or ventilatory support. In most cases there is a 
markedly increased protein degradation and nitrogen 
loss, even with nutritional support. However, we did 
not have patients in this group. Only hospitalization 
was not counted by itself. That is, although a patient 
had been admitted, the severity of the disease could be 
scored as 0 (no risk).

In our study, the ratio of those who had no risk 
in the evaluation with NRS performed before the op-
eration was found to be 31.01%. The ratio who had 
an intermediate risk from the NRS score were 39.7%, 
the ratio of those who were found to have three points 
therefore being at risk of severe malnutrition was 
29.28%. Evaluation of postoperative complications 
with NRS was evaluated. The increase in the rate of 
complications was observed to increase with the in-
crease in the risk of malnutrition (Table 2). A statisti-
cally significant correlation was found.

The duration of hospitalization and the differenc-
es in NRS results were examined in patients undergo-
ing gynecologic surgery. Patients with an NRS score of 
3 or more were found to have a longer hospitalization 
period than those with an NRS score of 0 (Table 3). 
The difference between them was statistically signifi-
cant (p = 0.01).

In our study patients with gynecological malig-
nancy the rate of NRS score 0 was 28.44%, while the 
rate of NRS score 1-2 was 39.22%, and those with 
NRS score ≥3 was 32.33%. It was observed that on-
cology patients who were hospitalized and operated 
in gynecology services were at risk for malnutrition. 
Other studies showed that nutritional risk groups in 
gynecologic cancers were evaluated with nutritional 
risk scales such as NRS 2002 and PG-SGA (Patient 

Table 2. The relationship between the characteristics of malnutrition risks evaluated with NRS 2002 and complications in the gy-
necologic patients of our study and the comparison with the original study
NRS 2002 Score Our study p Original study2*

All patients
Complications

All patients
Complications

None Present None Present

Overall score 403 (100%) 365 (90.57%) 38 (9.42%) <0.05 336 (100%) 299 (89.0%) 37 (11%)

NRS 0 score 125 (31.01%) 121 (96.80%) 4 (3.20%) <0.001 78 (23.3%) 76 (% 97.4) 2 (2.6%)

NRS score 1–2 160 (39.70%) 150 (93.75%) 10 (6.25%) <0.001 157 (46.7%) 145 (% 92.4) 12 (7.6%)

NRS score ≥3 118 (29.28%) 94 (79.66%) 24 (20.33%) <0.001 101 (30.1%) 78 ( 77.2%) 23 (22.8%)

*Original study2: Harte et al.
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Generated Subjective Global Assessment). Briefly, 
PG-SGA classifies patients as follows: Class A - well 
fed, Class B - moderately malnourished, Class C - se-
riously malnourished. With the risk scales of 1 to 3 
according to the degree of risk, the risky group was 
found to reach up to 40% in gynecologic oncology 
cases (9-11). (Table 4). The association of leukocyte, 
hematocrit and platelet changes with NRS was not 
found to be significant.

In our study, the relationship between hemoglobin, 
hematocrit, leukocyte and platelet values was evaluated 
with NRS 2002 results. However, no significant correla-
tion was found between the parameters investigated and 
the risk of malnutrition determined by NRS.

The use of NRS 2002 helped us identify patients 
who could benefit from nutritional support. In addi-
tion to facilitating the identification of patients with a 
risk of malnutrition, our study draws attention to the 
need for nutritional support and follow-up for those at 
risk of malnutrition.

Discussion

To identify patients at risk for malnutrition and to 
intervene in their nutrition program can help to make 
significant progress in the patient’s healing process.

Some studies showed that up to 50% of hospi-
talized patients had a prevalence of malnutrition. In a 
multicenter study by using NRS 2002, 189 (15%) out 
of 1255 hospitalized patients in Western Europe were 
shown to be under risk of malnutrition.  This multi-
center study showed that patients with an NRS score 
of 3 or more had more complications, greater mortal-
ity, and longer hospitalization than patients with an 
NRS score <3. In our study, 29.28% of the patients 
had malnutrition prevalence. Studies have shown that 
there is a close relationship between malnutrition, in-
creased complication rates, mortality, hospital stay and 
costs. Studies showing poor nutritional score in 24% of 
gynecological patients are similar to our study (12-14). 
In our study, according to the NRS score, 29.8% of the 

Table 3.  Evaluation of the relationship between mean hospital stay and NRS 2002 scores in our study and comparison with the 
original study
Mean hospital stay Our study

p

Original study2*

pAll patients
Complications

All patients
Complications

None Present None Present

Overall score 7.28 7.15 16.49 <0.001 7 6 16 <0.001

NRS 0 score 5.46 4.26 10.25 <0.001 4 3 4 <0.001

NRS score 1–2 9.54 8.09 13.90 <0.001 6 4 14 <0.001

NRS score ≥3 15.41 8.68 16.61 <0.001 10 8 19 <0.001

*Original study2: Harte et al.

Table 4. Comparison of other studies evaluating the nutritional risk prevalence in various gynecologic cancers with our study

Parameters Hertlein et al. study  Rodrigues et al. study Das et al. study Hertlein et al. study

Diet scale used NRS 2002 NRS 2002 PSG-SGA PSG-SGA

Number of participants 334 272 146 60

Age range 18-87 28-97 - 13-74

Risk of malnutrition Puan 0  =  28.44% 
Puan 1–2  =  39.22%  
Puan  ≥3  =  32.33%

Puan 0  =  % 27  
Puan 1–2  =  % 31  
Puan  ≥3   =  % 42

Sınıf A  =  % 38  
Sınıf B  =  % 47  
Sınıf C  =  % 23

Sınıf A  =  % 12  
Sınıf B  =  % 48  
Sınıf C  =  % 40

Body mass index assessment (+) (+) (+) (+)

Evaluation of leukocyte and hae-
matocrit

(+) (-) (-) (-)

Abbreviations: PG-SGA:  Patient-Generated Subjective Global Assessment
 PG-SGA classifies patients in: Class A - well fed, Class B - moderately malnourished, Class C - seriously malnourished.
NRS-2002: Nutritional Risk Screening-2002
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scanned surgical cohort was at risk of severe malnutri-
tion (NRS> 3). Our results compared with the results 
of studies on nutritional risk assessment in gynecologic 
patients showed that prevention of malnutrition is an 
important issue in women undergoing gynecological 
surgery. Necessary attention should be given to nu-
tritional assessment and the time required for patient 
care should be reserved. 

The overall complication rate in patients who 
underwent surgery was 9.42%. In other studies it was 
found to be 17.6% and 11% (15). In our study, the risk 
of complication development in patients with an NRS 
score of 3 or higher was found to be 20.33%. This re-
sult was close to other studies which were determined 
as 22.8% and 30.6% (15, 16).

Unfortunately, there is no gold standard accepted 
worldwide for assessing the risk of malnutrition. Gen-
erally, it is determined that evaluation by a healthcare 
worker, anthropometric measurements and the NRS 
2002 scale are valid reference methods (17). Although 
there is no gold standard for effectively defining nu-
tritional status, well-fed patients have better results 
during the post operational period than patients with 
undernourished conditions and also recovered faster. 
Patients who are undernourished have a higher rate of 
complications, increased mortality, prolonged hospital 
stay and a higher total cost. Studies have shown that 
the NRS 2002 scale can be used to evaluate malnutri-
tion in gynecologic patients. Studies have shown that 
nutritional problems occur often, and patients with 
3 or higher NRS scores in the surgical cohort have a 
significant higher risk of malnutrition (30.1%). These 
data indicate that health care providers and nurses 
should take extra care of the patient’s nutritional treat-
ment before and after surgery (17, 18).

It is important that the members of the surgical 
team are aware of the risks in the nutritional area. Pre-
vention of malnutrition after surgery requires respon-
sibility for each member of the perioperative team. 
The individual roles of surgeons, nurses and the entire 
healthcare team should be defined. The nursing team 
plays an important role in ensuring the availability of 
medications arranged in treatment, organizing pre- 
and post-operative care, and ensuring that nutritional 
support to be followed during the patient’s recovery 
process is monitored. Regulation of nutritional risk 

management and timing reduces surgical complica-
tions. In our study, we observed that the increase in 
complication rate led to an increase in the tendency 
of malnutrition. The results were similar to those of 
Hertlein et al. (11).

When the patients were malnourished (NRS 
score 3), the mean time was 10 days. In patients who 
developed complications, it became 16 days. The mean 
hospital stay was 19 days when the patients were mal-
nourished and complications occurred (11). In our 
study, we saw that the average duration of hospital 
stay increased from 5.46 days to 15.41 as the risk of 
malnutrition increased. We observed that this period 
increased to 16.61 days in patients with complications 
and inadequate nutritional status. In another study, the 
mean duration of hospital stay was 7 days. Our study 
and the literature show that malnourished patients 
have a longer hospital stay than those with good nu-
tritional status.

Studies have shown that in Australia and the 
United States, 20 to 50% of gynecological cancer pa-
tients are at least exposed to mild malnutrition (1, 19). 
In a study conducted in Germany only 22% of patients 
had normal nutritional status in gynecology. Studies in 
India and Brazil reported that 62% to 86% of gyneco-
logic cancer patients presented with inadequate nutri-
tion status. It is reported that malnutrition accounts 
for 20% of all cancer-related deaths (9, 10, 18). In our 
study, the rate of gynecologic oncology patients who 
were at nutritional risk was not to be underestimated. 
The percentage of patients with NRS score ≥3 was 
32.33%. The high incidence of malnutrition in gyneco-
logical cancer patients is of concern. In gynecologic 
oncology patients, it was also seen that these results 
were consistent with studies reporting these estimates 
based on other malnutrition screening or assessment 
tools (Table 4). 

Malnutrition in cancer patients is usually due to 
the inability to intake or absorbs enough nutrients. 
Surgery requires a period fasting of the patient and 
may lead to postoperative protein catabolism depend-
ing on the length of hunger. Loss of appetite further 
reduces dietary intake after surgery. In cases where the 
functional slowdown of the intestines is common, the 
deficiency of nutrients becomes a problem. Difficul-
ties in gastric emptying increased bacterial growth and 
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gas may also affect food intake. Metabolic demand is 
another parameter that is known to increase as cancers 
grows and results in overuse of conserved proteins (17, 
20). The combination of reduced nutritional intake, re-
duced nutritional absorption and increased metabolic 
demand may result in a negative nutritional balance 
and a reduced nutritional status.

Contemporary studies in Australia and the Unit-
ed States have shown that 20 to 53% of gynecologic 
cancer patients develop with at least mild malnutri-
tion at the time of diagnosis. Malnutrition prevalence 
was reported to be higher in developing countries (62-
88%) (9, 10). The British Association of Parenteral and 
Enteral Nutrition (BAPEN) listed a number of social 
and physical factors that increase the risk of malnu-
trition, including social isolation, poverty and cultural 
norms. Studies have investigated the nutritional pa-
rameters associated with postoperative complications 
in various types and stages of gynecologic cancers. In 
studies, hospitalization periods were used as an indi-
rect indicator of hospital complication rates. Santoso 
et al. found that malnutrition was significantly associ-
ated with longer hospital stay, regardless of age, extent 
of disease, or primary tumor site (21).

For nurses, it is important to standardize preop-
erative nutritional support instructions and patient 
training materials. Preoperative feeding and care in-
structions should be provided to women who will un-
dergo major gynecological surgery. Providing patient 
training materials and providing nutritional support 
shortens the length of hospital stay, makes patients’ 
requests for pain treatment reasonable, and improves 
healing by providing more patient and family satisfac-
tion. Patient anxiety and fear prevent the learning of 
nutritional information and useful recommendations 
(22). For this reason, when nutritional information is 
started early, during the treatment and care process, 
it allows effective relief for the patients’ and families’ 
concerns. It is mandatory to strengthen the patient’s 
best learning forum, even though it is early. The pa-
tient education process should be strengthened by us-
ing various methods such as oral, written instruction 
pages, simulated representations. 

Several studies have shown that low prealbumin 
or albumin levels are associated with a higher preva-
lence of postoperative complications in gynecological 

cancers (9, 16). As one of the limitations of our study, 
these parameters could not be evaluated from all pa-
tients that were admitted to the gynecology service. 
Additional parameters for malnutrition, such as al-
bumin or bioimpedance measurements, may enhance 
the assessment of undernourished gynecological pa-
tients. Our study has shown that in gynecological pa-
tients and especially those with a risk of malignancy, 
awareness about the problem of malnutrition should 
be increased. Thus, the benefit provided to the patient 
during the care taking process increases and so does 
the healing quality. Healthcare providers should be 
able to recognize and in a short period of time pro-
vide nutritional support to patients assessed to be at 
nutritional risk, through easily applied and validated 
measurements.

Conclusions

In view of the results of our study, nutritional 
support plans of patients with preoperative malnutri-
tion were required to reduce postoperative morbidity 
and improve long-term patient outcomes. However, 
the number of studies evaluating the value of preop-
erative nutritional support in surgical gynecologic 
cancer patients is limited in the literature. Therefore 
it is important that in gynecological and especially in 
gynecological cancer patients the nutritional risk is 
determined during their hospitalization and follow-up 
periods so that, through treatment, malnutrition can 
be prevented.
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The relationship between glomerular filtration rate, 
nutrition and activities of daily living in patients with 
chronic kidney disease receiving homecare
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Summary. Introduction: The aim of this research was to evaluate the relationship among glomerular filtra-
tion rate, nutrition and activities of daily living performance in Chronic Kidney Disease patients receiving 
homecare services. Materials and Method: We conducted a retrospective examination of the Sisli Hamidiye 
Etfal Training and Research Hospital’s Homecare records for 2016. 345 patients were included. Glomerular 
filtration ratewas calculated using a simplified version of the Modification of Diet in Renal Disease. Mini-
Nutritional Assessmen scores were used for nutrition. Barthel Index scores were used to identify activities of 
daily living. P values of ≤0.05 were considered statistically significant. Results: 225 women (65.2%) and 120 
men (34.8%), were included. Mean value ofGlomerular filtration rate  was 60.83 ± 17.10 ml/min/1.73 m2. 
Mini-Nutritional Assessmen test mean was 19.66 ± 4.97. Barthel Index of the study group was 30.39 ± 28.99. 
A statistically significant correlation was found between glomerular filtration rateand the Barthel Index(p 
= 0.022). When glomerular filtration ratedecreased, Barthel Index scores decreased. As Mini-Nutritional 
Assessmen scores decreased, glomerular filtration rate values also decreased (p = 0.029). Barthel Index and 
Mini-Nutritional Assessmen were also related (p = <0.001). Conclusion: In primary care, elderly individu-
als (especially those receiving homecare services) should undergo assessment of activities of daily living and 
nutritional status. Patients with Chronic Kidney Disease were at risk for malnutrition and dependence on 
activities of daily living.

Keywords: renal insufficiency, aged, home care services, malnutrition, Quality of Life, chronic disease
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O r i g i n a l  a r t i c l e

Introduction 

Chronic kidney disease (CKD) is defined as 
kidney damage and/or decreased kidney function, as 
expressed by a minimum 3-month history – with or 
without a fall in glomerular filtration rate (GFR), re-
gardless of cause (1). It frequently manifests as a com-
plication of chronic diseases and considerably influ-
ences morbidity and mortality. In a study in Turkey, 
CKD was seen in 15.7% of patients who appliedfor 
any complaint (2). Evaluation of three years of Cana-

dian homecare data revealed that the most frequent 
chronic illness was chronic renal disorder (3). Also 
many complications associate with CKD like anemia, 
hyperlipidemia, nutrition problems, osteodystrophy 
and cardiovascular risks.

Nutrition is a critical issue in CKD patients.  In 
a study, the incidence and severity of malnutrition in-
creased in relation to the degree of renal function loss 
and were predictive of one-year mortality (4). Many 
mechanisms were suspected to be the cause of mal-
nutrition. In a study indicated that low acyl-ghrelin 
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levels, accompanied with high levels of TNF-α and 
IL-6, may be implicated in loss of appetite and poor 
nutritional status in CKD patients (5). In another 
study, as patients progress through the stages of CKD, 
nutritional requirements are altered and metabolism 
of protein, water, salt, potassium, and phosphorous 
are affected. These changes lead to ineffective energy 
generation despite adequate intake of protein, carbo-
hydrate substrates; all were cause malnutrition(6).So 
identifying inadequate nutritional status in CKD pa-
tients is very important. 

Malnutrition not only affected mortality but also 
showed that the ability to perform basic activities of 
daily living (ADLs) decreased(7). CKD can affect the 
ability to perform ADLs because of complications of 
the disease, such as anemia and hypoproteinemia.So 
determining of  ADLs and nutrision status will be 
usefull for CKD patients to effect mortality and mor-
bidity.

Therefore we can say that CKD patients have a 
risk for malnutrision and bad ADLs .CKD is more fre-
quent in homecare patients because of the age  group 
was old and had complicated more than one illnesses. 

The specific aim of this research is to evaluate the 
relationship among GFR, nutrition and ADL perfor-
mance in CKD patients receiving homecare services.

Materials and Methods

Sample
A retrospective evaluation of SisliHamidiyeEtfal 

Training and Research Hospital’s Homecare records 
between 01.01.2016 – 31.12.2016 were used as data.

Exclusion Criteria:
•	 Patients	with	end-stage	CKD,	
•	 Patients	who	were	unconscious	or	bedridden,
•	 Patients	diagnosed	as	malnutrition	secondary	to	in-

testinal inflammatory disease or operation
•	 Patients	 for	 whom	 inadequate	 information	 was	

available.

Inclusion Criteria:
•	 Patients	who	were	CKD	(except	end	Stage	CKD),
•	 Patients	who	were	not	unconscious	or	bedridden,	

•	 Patients	who	were	not	have	any	disease	or	operation	
that cause malnutrition,

•	 Patients	 who	 have	 the	 records	 of	 BI,	 MNA	 and	
GFR in files in the same visit.

Ethics Statement
Before collecting data, research approval was ob-

tained from the Ethics Committee of SisliHamidiyeEt-
fal Training and Research Hospital (Date: 04.04.2017 
/ Number: 1492). The investigation conformed to the 
principles outlined in the Declaration of Helsinki. The 
researcher provided information from SisliEtfal Train-
ing and Research Hospital Homecare Unit.

Instruments
Data were collected from the files of SisliEtfal 

Training and Research Hospital Homecare Unit.
4 parts was recorded:
1-Demographic information: 
Age, Gender were noticed.
2- Glomerular Filtration Rate (GFR): 

GFR was calculated using a simplified version of 
the Modification of Diet in Renal Disease (MDRD) 
formula.GFR≥90 ml/min/1.73 m2 and GFR<15 ml/
min/1.73 m2 were excluded from study.Patients were 
separated into two groups according to GFR;Patients 
whose GFR was between 60–89 ml/min/1.73 m2 
(CKD Stage 2) were classified as Group 1 and those 
whose GFR was <60 ml/min/1.73 m2 (CKD Stages 3 
and 4) were classified as Group 2. 
3- Mini-Nutritional Assessment(MNA):

To identify the nutrition status, Mini-Nutritional 
Assessment (MNA) test was used. The MNA was first 
developed in 1991 and published in 1994 in Nutrition 
Reviews (8). It is an 18-item questionnaire that incor-
porates anthropometric measurements, dietary intake 
and global and self-assessment components. 

We used the Mini-Nutritional Assessment (MNA) 
test as a screening tool for malnutrition. In MNA, Mal-
nutrition Indicator Score cut-off points were as follows:
•	 24–30 points: normal nutritional status
•	 17–23.5 points: at risk of malnutrition
•	 less than 17 points: malnourished
4-Barthel Index (BI):

To identify ADLs, BarthelIndex(BI) was used. 
The Barthel Index has also been used to examine ADL 
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performance in geriatric patients since 1955. In 1955; 
the acute care hospitals in Maryland have used the 
Barthel Index to assess patients’ ability to complete 
ADLs (9). 

The index assesses the following ten items: pres-
ence or absence of fecal and urinary incontinence; help 
needed with grooming; toilet use; feeding; transfers 
(e.g. from chair to bed); walking; dressing; climb-
ing stairs; and bathing. The Barthel Index scores are 
expressed as multiples with a range of 0 (completely 
dependent) to 100 (independent for basic ADLs). 
Higher scores were reflective of a higher degree of in-
dependence.
In the Barthel Index:
•	 0-20 point: totally dependent
•	 21-60 point: high-level dependent
•	 61-90 point: mid-level dependent
•	 91-99 point: low-level dependent
•	 100 point: totally independent
Take care of the patient’s GFR, MNA and Barthel In-
dex datas were from the same visits.

Data Analysis
To analyze the data obtained in the study, de-

scriptive  statistics  (number  and  percentage  distribu-
tion,  means,  standard  deviations)  were  calculated 
first. Our study featured an abnormal distribution (p < 
0.001) according to Shapiro–Wilk test. Consequently, 
the Mann–Whitney U-test was used to compare the 
two groups. Chi-square was used to explore goodness 
of fit.Spearman Correlation Analysis was performed 
to determine the level and direction of the relationship 
between the dependent and independent variables. 
Linear regression was performed to show the correla-
tion is strong.P values of ≤0.05 were considered statis-
tically significant.

Results

A total of 1105 patient visits were noted through-
out the year. After exclution;  total of 345 patients, 225 
women (65.2%) and 120 men (34.8%), were included 
in our study sample. Age mean of the total sample was 
81.47 ± 9.26 and mean value of GFR was 60.83 ± 17.10 
ml/min/1.73 m2. MNA test mean was 19.66 ± 4.97. 
Barthel Index of the study group was 30.39 ± 28.99.

The distribution of gender, GFR, MNA and BI 
values are displayed in Table 1 and Figure- 1. Age, 
MNA, the Barthel Index and gender were not re-
lated according to student t test (p = 0,151; 0.434; 
0.204). Although women’s age mean were older than 
men ; women’s BI and MNA were better than those 
observed in men. Only men’s GFR means was good 
from womens and there was a significantregression be-
tween gender and GFR(r2=0,28; p = 0.002).This will 
not show only the relation between gender and GFR 
but also will show the relation between age and GFR. 
Smilarly with this according to our study there was a 
negative correlation and significantregression between 
GFR and age (r2=0,20; p = 0.009). 

Table 1. Mean and median values of age, MNA Scores, GFR and Barthel Index regarding gender

WOMEN MEN P

Median (25%-75%) Median  (25%-75%)

GFR 59 (46-72) 66(52,8-77.75) 0.001

Age 84(78-87.5) 82(73-88) 0.151

MNA 20.5(17.5-23.5) 20.5(16-23.5) 0.434

Barthel ındex 35(0-50) 30(0-50) 0.204

Figure 1. The distribution of gender and GFR, MNA, MNA-
SF,BI values
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According to MNA,  25.2% (n = 87) of the study 
group were malnourished and 52.8% (n = 182) were at 
risk of malnutrition. According to BI, 2.3% (n = 8) were 
totally independent; 2% (n = 7) were low-level depen-
dent, 8.7% (n = 30) were mid-level dependent, 42.4% 
(n = 146) were high-level dependent; and 44.6% (n = 
154) were totally dependent. Although MNA and BI 
increased with age, there was no relationship between 
age, MNA and Barthel Index scores (p = 0.506; 0.134). 

A statistically significant correlation was found 
between GFR and the Barthel Index (p = 0.022). 
When GFR decreased, BI scores decreased (indicat-
ing increased dependence). As MNA scores decreased 
and nutrition worsened, GFR values also decreased(p 
= 0.029). BI and MNA were also related (p = <0.001)

Regarding GFR Groups, 182 (52.8%) patients 
were classified as Group 1 and 163 (47.2%) as Group 
2. Group characteristics are displayed in Table 2. Age 
and GFR distrubutions were statistical significance 
(p = 0.004; p=0.00). Although nutrition and ADLs 
were worse in group GFR < 60 ml/min/1.73 m2;  there 
were no significant differences between two groups 
(p=0.212;0.067). 

Discussion

According to the Turkish Statistical Institute 
(TSI), the elderly population was 6,651,503 in 2016, 
representing 8.3% of the entire population. Males 
comprised 43.9%, and females 56.1% (10). As exhib-
ited in the general population, women comprised a 
greater percentage of our study cohort than men, which 

is expected given that life expectancies are greater for 
women than men. 

A previous study in the USA revealed the preva-
lence of stage 1–4 CKD to be 13.1% (11). In Turkey, it 
was 15.7% (and observed mostly in women) (2). In our 
study, the relationship between age, gender and GFR 
was statistically significant and the female GFR were 
worse than those of the men (r2=0,28; p = 0.002) ; age 
was negatif related with GFR (r2=0,20; p = 0.009)and 
also women were older than men. This may be attrib-
utable to longer life expectancy in women, along with 
lower GFR as the complications of aging and chronic 
diseases manifest in the elderly. Conversely, younger 
women have an increased risk of urinary tract infec-
tions, a potential cause of CKD in adults and may 
cause this difference in elderly(12).

Progressive lowering of GFR can occur, inde-
pendent of overt pathology in the elderly (13). In our 
study, GFR decreased as age increased.

In our study, women’s nutrition was better than 
that of men but this did not rise to the level of sta-
tistical significance. In a 1999 study, having cooking 
skills enabled people to prepare meals, but may also 
have provided a degree of knowledge about ready-pre-
pared meals. Traditionally, shopping for preparing and 
cooking food has been primarily the responsibility of 
women, with many older men never having mastered 
the art of cooking (14). Similarly, although the Barthel 
Index and gender were not related; women were more 
independent then men.

In a study performed in Ankara on elderly indi-
viduals, 5% were malnurished and 67% were at risk of 
malnutrition (15). A 2006 review of literature revealed 

Table 2. The relations between gender, age, MNA, MNA-SF, BI and GFR groups

Group 1
(GFR89-60 ml/min/1.73 m2)

Group 2
(GFR < 60 ml/min/1.73 m2 )

p

N % N %
Gender

Female
Male

105
77

57.7
42.3

120
43

73.6
26.4

0.002

Median Median P

Age 82(74-87) 85(78-90) 0.004

MNA 20.50(17-24) 20.25(16-23) 0.067

Barthel index 30(0-50) 30(0-50) 0.212
GFR 74.5(66-83) 47.6(38-54) 0.000
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a similar pattern in out-patients and elderly individuals 
receiving home care (25 studies, n =3119 elderly), the 
prevalence of malnutrition was 9%and an additional 
45% were at risk of malnutrition(16). Another study in-
cluding 1,834 adults with predialysis CKD and protein-
energy wasting found prevalences of 2.2%, 4.4%, 8.3%, 
6.2%, 15.6% and 24.6% in CKD stages 1, 2, 3a, 3b, 4 
and 5, respectively (17). In our study, 25.2% (n = 87) of 
our patients were malnourished and 52.8% (n = 182) 
were at risk of malnutrition. Our percentage is higher 
than other studies because the GFR of our study group 
was <90 ml/min/1.73 m2 or low economic level of our 
study group.

There was a relation between GFR and MNA(p 
= 0.029).  Nutrition is a very important consideration 
in CKD patients. Dietary metabolites are closely re-
lated to CKD progression (18), and CKD progression 
improves when nutrition improves (19). In our study, 
nutrition worsened with decreased GFR values. This 
may occur secondary to reduced protein and energy 
intake and lost protein with albuminurea in those with 
CKD. The degree to which appetite is lost is associated 
with decreases in GFR.

But when patients were separated in two groups 
according to GFR. MNA score was good in GRF 
60–89 ml/min/1.73 m2;however, this did not rise to the 
level of statistical significance. This may occur as a result 
of secondary (comorbid) diseases with CKD effects.

There were many studies about the relation be-
tween GFR and ADLs. In a study; GFR category and 
Barthel Index are independent risk markers for survival 
in older rehabilitation patients (20). This underscores 
the importance of observing and measuring ADLs in 
the elderly. In another study there was no relationship 
between the Barthel Index and the disability severity 
in CKD patients (21). This shows that there was no di-
rect relation or there were some secondary things that 
effect the relation between GFR and BI. In our study, 
GFR and BI were related. But when we separated 
the patients in to two groups according to GFR level, 
there was no relationship between the BI and GFR 
groups. This may be because ADLs are multi-factorial 
and homecare patients frequently exhibit many other 
comorbid diseases, with CKD.
In a study said that BI can help patients at risk of mal-
nutrition (22). In another; nutritional status, according 

to MNA, is related to ADL performance in geriatric 
patients (23). There was a strong relationship between 
MNA and the Barthel Index in our study too. De-
creases in the MNA indicate increases in functional 
dependence.

Conclusions

Malnutrition is an important risk factor for CKD 
patients. MNA may help identify CKD patients who are 
malnourished or at risk of malnutrition. ADLs and GFR 
were related according to the Barthel Index. In elderly as 
the malnutrition increases also the GFR value increases 
and daily activities decrease. BI may be useful for deter-
mining the risks of poor nutrition and functional decline 
in CKD patients. In primary care, elderly individuals 
(especially those receiving homecare services) should 
undergo assessment of ADLs and nutritional status. 
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Comparison of nutritional screening parameters in oncology 
patients with malnutrition: handgrip strength as a reliable 
parameter
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Summary. Aim: To evaluate handgrip strength (HGS), phase angle (PA), serum albumin, nutritional risk 
screening (NRS) and quality of life (QoL) as markers for nutritional status and prognostic factors for survival 
in oncology patients with malnutrition and parenteral nutritional therapy. Methods: We conducted a prospec-
tive study with 36 patients between August 2013 and November 2015. HGS was measured using a hydraulic 
dynamometer, PA was calculated based on bioelectrical impedance tests. Serum albumin levels were measured 
and a nutritional risk screening (NRS 2002) was performed. The Short Form 12 (SF-12) questionnaire was 
used to assess QoL. PA was regarded as the gold standard for determining body composition and nutritional 
status. A 1-year follow-up was performed, and patient survival was evaluated. Results: HGS showed a sig-
nificant correlation with PA in bioelectrical impedance analysis. Body mass index (BMI) was not correlated 
with HGS. Albumin and NRS showed poor specificity as compared to PA. QoL was not correlated with 
parameters for nutritional status. Overall survival was poor with a 1-year survival rate of 15%. Conclusions: 
Compared to serum albumin and BMI, HGS is a reliable tool for the assessment of nutritional status in on-
cology patients. When indication for parenteral nutrition is confirmed in cancer patients with malnutrition, 
overall patient survival is poor.

Key words: malnutrition, cancer, albumin, handgrip strength, phase angle 
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O r i g i n a l  a r t i c l e

Introduction

Cancer is a global health challenge with growing 
incidence, morbidity, and mortality (1). Malnutrition 
occurs frequently in oncology patients due to effects of 
the disease and of disease therapies on patients’ nutri-
tional status (2). It is associated with adverse outcomes 
and decreased survival (3, 4) and impairs quality of life 
(QoL) (5, 6). Supportive nutritional therapy has been 
beneficial for outcomes and QoL of cancer patients 
(7-9). Thus, determining nutritional status in oncology 
patients is essential. Several tools have been described 
to pursue this objective. One of these is the bioelectri-

cal impedance analysis (BIA) that is used for the de-
termination of body composition and has previously 
been used for oncology patients (10, 11). A reliable 
parameter obtained during BIA measurements is the 
phase angle (PA), which is derived from changes in re-
sistance and reactance as an alternating current passes 
through tissues causing a phase shift (12). PA is one 
of the most widely accepted parameters for nutritional 
status in cancer and other patients (13-15). Another 
more recently developed tool is handgrip strength 
(HGS) obtained by measuring static muscle strength 
with handgrip dynamometers. It was originally used 
for functional examination in hand surgery but has re-
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cently been proposed for the evaluation of nutritional 
status by several authors (16-18). Low HGS is associ-
ated with malnutrition and cachexia (19, 20). HGS has 
also been evaluated as a prognostic tool in surgical and 
cancer patients and is applied in epidemiological stud-
ies (21, 22). Furthermore, some biochemical markers 
are used as parameters for nutritional status. Serum al-
bumin levels have been used to evaluate the nutritional 
state of oncology patients, but also of non-oncology 
patients in some studies (23, 24). In clinical practice, 
it is still used for this purpose. Moreover, albumin is a 
prognostic marker for clinical outcomes, e.g. it predicts 
the risk for anastomotic leakage in colorectal surgery 
(25, 26). In addition to physiological and biochemi-
cal measurement methods, scoring systems have been 
developed to screen for nutritional risk. The nutritional 
risk screening (NRS 2002) was introduced to identify 
patients who are likely to benefit from nutritional sup-
port (27). It has been suggested to indicate malnutri-
tion in head and neck cancer patients (28) and was 
found to help predict postoperative complications and 
prolonged hospital stay in gastric cancer (29). 

Even though all these different tools are available, 
it still remains unclear which method is the best choice 
for which group of patients. In view of the increasing 
worldwide importance of oncology patients, for whom 
particular attention to nutritional status is of utmost 
importance – especially at advanced disease states – 
the objective of the present study was to compare the 
above-mentioned tools to assess the nutritional status 
of these patients. Therefore, the primary aim of this 
study was to evaluate HGS, PA, albumin, NRS and 
QoL as markers for nutritional status in cancer pa-
tients with parenteral nutritional therapy. Moreover, 
parameters were assessed for possible prognostic quali-
ties as pertains to patient survival.

Patients and Methods

Ethics Approval
Ethics board approval was obtained from the 

Medical Ethics Commission II of the Medical Fac-
ulty Mannheim, Heidelberg University, Mannheim, 
Germany (No. 2013-573N-MA). The study was per-
formed according to the Declaration of Helsinki.

Patients
Eligible for this study were oncology patients 

with malnutrition and parenteral nutritional therapy 
treated at the Outpatient Nutrition Clinic at the Uni-
versity Hospital Mannheim between August 2013 
and November 2015. The Outpatient Nutrition Clinic 
at our institution treats 60 oncological patients with 
parenteral nutritional support per year. All consecu-
tive patients for whom there was no exclusion crite-
rion and who were willing to consent to study  par-
ticipation were included. The inclusion of patients was 
complicated by the fact that oncological patients with 
parenteral nutrition therapy often present in advanced 
tumour stages. Exclusion criteria were: patients under 
18 years of age, the presence of an implanted cardiac 
pacemaker and/or defibrillator and/or obvious impair-
ments of measurement methods. Indication for par-
enteral nutrition had to be confirmed by the treating 
physicians and followed the criteria of the European 
Working Group on Sarcopenia in Older People (30). 
Patients of both sexes were included. Informed con-
sent was obtained from all patients. 

Technical measurements (BIA and HGS), NRS 
and QoL assessment were carried out on the same day. 
Blood samples for the determination of serum albumin 
were taken within 7 days before or after the day of the 
other measurements. 
Patient survival was determined from review of medi-
cal records or from information obtained from the pa-
tients’ treating physicians or family doctors.

Bioelectrical Impedance Analysis
After a period of physical rest for at least 30 min-

utes, BIA measurements were performed by apply-
ing four gel electrodes, with two detecting electrodes 
placed at the ulnar aspect of the wrist and the medial 
malleolus of the dominant body side, following stand-
ard protocols. Electrodes were connected to a multi-
ple frequency BIA instrument (Nutriguard-M, Data 
Input GmbH, Frankfurt, Germany). Measurements 
were digitally recorded and calculations for body com-
position values were performed using the Nutriguard 
Plus Software Version 5.4. As cut-off values for PA 
indicating malnutrition, individual age and sex specific 
threshold values were used as provided by the manu-
facturer (Data Input GmbH, Frankfurt, Germany).



Comparison of nutritional screening parameters in oncology patients with malnutrition: Handgrip strength as a reliable parameter 143

Static Muscle Strength
A Saehan Hydraulic Hand Dynamometer SH5001 

(Saehan Corporation, Changwon, South Korea) 
was used to determine HGS. Measurements were 
conducted first on the dominant, then on the non-
dominant hand. For this investigation, patients sat in 
a comfortable position with a 90° angle at the elbow 
joint. Patients were asked to squeeze the dynamom-
eter using their maximum strength. Measurement was 
repeated after a break of 30 seconds. In total, three 
measurements for each hand were recorded. The mean 
value of the three efforts was calculated and used for 
this study. This procedure is similar to previous inves-
tigations (31, 32).

Serum Albumin Levels
Serum albumin levels were determined via stand-

ard laboratory procedures from venous blood samples 
acquired from patients after inclusion in this study. 
Hypalbuminaemia indicating malnutrition was de-
fined as a serum albumin level < 30 g/L.

Nutritional Risk Screening (NRS 2002)
Nutritional screening was performed using the 

Nutritional Risk Screening (NRS 2002) (27) follow-
ing guidelines of the European Society of Parenteral 
and Enteral Nutrition (ESPEN) (33). Patients were 
regarded as nutritionally at-risk when an individual 
score ≥3 was observed.

Short Form 12 (SF-12) Questionnaire
Physical Health Composite Score (PCS) and 

Mental Health Composite Score (MCS) obtained 
from the Short Form Health Survey (SF-12) were 
used to assess QoL.

Statistical Analysis
Quantitative approximately normally-distributed 

parameters are presented by mean values and stand-
ard deviations; for skewed data, median and range 
are given. Qualitative data is described by its absolute 
and relative frequency. For approximately normally-
distributed data, two sample t-tests have been used in 
order to compare the mean values of two groups. For 
skewed variables, Mann–Whitney U-tests were per-
formed instead. For the comparison of qualitative pa-

rameters Fisher’s exact tests were applied. Correlation 
values for interval and ratio variables were determined 
by calculating Pearson’s correlation coefficient, and, for 
ordinal variables, a Spearman correlation coefficient 
was calculated. A logistic regression model was used 
to identify factors associated with an elevated risk of 
postoperative complications, expressed as the odds ra-
tio (OR) (95% confidence interval (CI)). Furthermore, 
regression was used as a multiple statistical method to 
identify risk factors. For this technique, several factors 
were included in the model; the most important factors 
were selected by stepwise elimination. Survival curves 
were generated using the Kaplan–Meier method. All 
statistical tests were two-tailed, and the threshold for 
statistical significance was set to P < 0.05. All analyses 
were performed using the SAS software, release 9.3 
(SAS Institute Inc., Cary, NC, USA). 

Results

Between August 2013 and November 2015, 36 
oncology patients were included in the study, 16 males 
(44.4%) and 20 females (55.6%). The mean age was 
62.6 years. All included patients received parenteral 
nutrition for the treatment of malnutrition. The most 
frequent oncologic diagnosis was cancer of the gastro-
intestinal tract (GIT) (47.2%), including the upper-
GIT n=13 (36.1%) and lower-GIT n=4 (11.1%). Oth-
er entities included cancer of the lung (16.7%), breast 
(8.3%), and prostate gland (5.6%) (Table 1). 

Table 1. Patients’ characteristics

Sex (n) Male 16 (44.4%)

Female 20 (55.6%)

Age (mean) 62.6 (30-87)

Type of primary cancer (n)

Gastrointestinal 17 (47.2%)

Lung 6 (16.7%)

Breast 3 (8.3%)

Prostate 2 (5.6%)

Other 8 (22.2%)

BMI (mean, kg/m2) 20.9 (15.6-32.0)

Albumin (serum, g/L) 24.8 (15.6-34.6)
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Body Mass Index and Serum Albumin Levels
The mean BMI was 20.9 kg/m2 (SD 4.2 kg/m2; 

range 15.6-32.0 kg/m2). The mean serum albumin 
level (n=30) was 24.8 g/L (SD 5.2 g/L; range 15.6-
34.6 g/L) (Table 1). None of the patients in our study 
showed albumin levels within the reference range, all 
patients presented with hypoalbuminemia. 

Handgrip Strength of the Dominant Hand
The mean value of the dominant hand was 21.6 

kg for all patients (SD 8.9 kg; range 11.0-51.7 kg). The 
mean value for females was 16.2 kg (SD 4.5 kg; range 
11.0-26.0 kg), the mean value for males was 28.1 kg 
(SD 8.9 kg; range 13.3-51.7 kg) (Table 2). These val-
ues were lower than the expected values of healthy in-
dividuals matched for sex and age.

Bioelectrical Impedance Analysis
The phase angle reflects the quality of the lean 

body mass. An average of 3.9° was observed. The mean 
lean body mass itself was 47.2 kg. These data and val-
ues for body cell mass, extracellular mass, body fat and 
body water are presented in Table 2.

NRS Score and Short Form 12
Both the median and the mode score in the Nu-

tritional Risk Score was 5 points (Figure 1). The maxi-
mum score of 7 points was achieved by one patient, 
and the lowest score recorded was 2 points, which was 
observed in 3 patients. In the SF-12 questionnaire, the 
mean score of PCS was 29.5 points (SD 9.0; range 
13.4-49.8) and the mean score of MCS was 36.1 
points (SD 11.0; range 14.2-63.9).

Handgrip Strength as a Reliable Marker for Nutritional 
Status

In univariate analysis, body cell mass (r=0.61, p < 
0.0001), body water (r=0.41, p = 0,0141), PA (r=0.39, 
p=0,0182), lean body mass (r=0.36, p=0.0334), and 
the ratio of body cell mass on lean body mass (r=0.34, 
p=0,0398) showed significant correlation with hand-
grip strength. However, when the influence of gender 
(female versus male) was considered (p<0.0001) and 
multiple regression analysis was performed, only the 
factors gender (p<0,0001), PA (p=0.0168), and ra-
tio of body cell mass on lean body mass (p=0.0172) 
were independent factors with significant influence on 
HGS (Table 3). No statistically significant impact on 
HGS was discovered for serum albumin levels (r=0.01, 
p=0.9492), BMI (r=-0.04, p=0.8183) or patient age 
(r=-0.27, p=0.1166).

Serum Albumin Levels Compared to Screening Param-
eters for Nutritional Status

Univariate analysis showed no significant correla-
tion of serum albumin levels with the other param-
eters (n=30). When analysis of contingency tables was 

Figure 1. Distribution of NRS-Scores 

Table 2. Results of handgrip measurement and bioelectrical 
impedance analysis

unit mean SD
Handgrip strength dominant hand kg 21.6 8.9
Phase angle degree 3.9 0.9
Lean body mass kg 47.2 11.5
Body cell mass kg 18.9 4.8
Body cell mass of lean body mass % 38.5 6.5
Extracellular mass kg 29.2 8.4
Body fat kg 10.8 10.4
Body fat % 16.7 13.3
Body water L 34.6 8.5

Table 3. Independent factors influencing handgrip strength 
(dominant hand) 

p-value

Sex < 0,0001

Phase angle 0,0168

BCM/LBM 0,0172
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performed for albumin and PA (PA set as the gold 
standard measurement for body composition), a sen-
sitivity of 83% (serum albumin levels < 30 g/L) and a 
specificity of 33% (serum albumin levels great than or 
equal to 30 g/L) was calculated in comparison to PA. 
Reference ranges for PA in this analysis were matched 
for age and gender; no values above the reference range 
were observed.

Nutritional Risk Score Compared to Screening Parameters 
for Nutritional Status

Statistical analysis revealed a negative correlation 
of NRS-scores with BMI (r=-0.46, p=0,0062), body 
fat (kg) (r=-0.45, p=0.0071), and body fat percent (r=-
0.35, p=0.0405). This is not surprising since BMI is 
included in NRS screening. However, contingency 
table analysis of NRS regarding PA as the gold stand-
ard measurement for body composition showed a high 
sensitivity of 93% (NRS scores >=3) but a low speci-
ficity of only 17% (NRS scores < 3) for NRS predict-
ing PA. Reference ranges for PA in this analysis were 
matched for age and gender; no values above the refer-
ence range were observed.

Results of Short Form 12 Questionnaire in Nutritional 
Screening

Results of the SF-12 questionnaire showed a sig-
nificant correlation of the PCS with serum albumin 
levels (r=0.42, p=0.0288). Beyond that, no further 
significant correlation was found for PCS or MCS 
with the other parameters. Quality of life assessment 
did not correlate with PA and HGS measurements 
and was not significantly related to overall patient 
survival.

Survival Analysis and One-Year Follow-up
Survival analysis was performed for patients who 

completed a 1-year follow-up, or, for deceased patients. 
One patient committed suicide and was therefore ex-
cluded from the analysis. Loss of follow-up occurred in 
2 cases. In total, 33 of 36 patients in this study (92%) 
were included in the Kaplan-Meier analysis (Figure 2). 
Median survival was 62 days with a 1-year survival-
rate of 15%. A rapid decrease in survival occurred in 
the early observation period.

Discussion

In this prospective clinical study, we examined 
several surrogate parameters for malnutrition in a 
group of 36 cancer patients who received parenteral 
nutritional therapy for malnutrition between August 
2013 and November 2015. Furthermore, patient sur-
vival was evaluated.

Main finding was that HGS is, compared to other 
parameters such as BMI and serum albumin, a reli-
able parameter for nutritional status in oncology pa-
tients with malnutrition. Moreover, the 1-year survival 
rate of only 15% indicates that confirmed indication 
for parenteral nutritional support in oncology patients 
comes along with poor overall survival.

HGS has been reported to predict survival in ad-
vanced cancer patients in some studies (34), but other 
studies failed to reproduce these findings (11). For BIA 
measurements and PA, which was regarded as the gold 
standard for body composition in our study, prognostic 
value in different clinical settings, including oncology 
and surgery, has been described (35, 36). Both PA and 
HGS can be used to predict post-interventional body 
composition in bariatric patients (32). HGS is lower in 
patients with malnutrition and colorectal cancer before 
tumor resection (10). 

In our study, we found a significant correlation of 
HGS with PA, indicating that HGS may be a reliable 
parameter for the assessment of nutritional status in 
oncology patients. This is particularly relevant, since 
HGS measurement is suitable for clinical practice, 

Figure 2. Kaplan-Meier analysis of survival
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compared to alternative methods, because HGS is very 
simple to obtain, non-invasive, and inexpensive.

In clinical practice, albumin is used to determine 
patient nutritional status, e.g. when parenteral nutri-
tion is applied in the course of “preoperative patient 
optimization” prior to surgical procedures low serum 
albumin levels are measured. However, albumin is not a 
sole nutritional marker because it is influenced by vari-
ous conditions such as impaired liver function, volume 
status and inflammatory states including cancer (37). It 
is a negative acute phase protein (38), and oral protein 
intake does not influence serum albumin levels in some 
studies (39). Nevertheless, ESPEN guidelines for en-
teral nutrition consider albumin levels for the identifi-
cation of patients nutritionally at risk. Our data do not 
indicate that albumin is a reliable marker for malnutri-
tion. However, it can be used complementary since it is 
non-invasive, easy to obtain and cost-effective. All in-
dividuals in our study showed hypoalbuminemia, a fact 
that likely explains why our data did not demonstrate a 
significant prognostic effect of albumin levels on overall 
survival, as was demonstrated by other authors (40).

The NRS 2002 system was introduced to identify 
patients who are likely to benefit from nutritional support 
(22) and was shown to be a reliable tool in this regard 
(23). In our study, we found high sensitivity, but poor 
specificity of NRS, predicting PA. A possible explanation 
for this is the small number of patients with NRS scores < 
3, and PA values within the reference range which limits 
statistical power. Some authors found data indicating that 
the NRS system was able to predict more postoperative 
complications and longer hospital stays in oncology pa-
tients (24). Contrary to this, in other studies, NRS scores 
>= 3 were associated with postoperative complications 
but did not turn out to be independent predictors when 
multivariable analysis was performed (38). Other data 
suggest that nutritional support based upon NRS 2002 
screening might even result in over-nutrition (23). Our 
study failed to demonstrate prognostic significance of 
NRS as relates to survival. Since specificity compared to 
PA was low, other parameters might turn out to be more 
reliable for nutritional screening. 

Patients in our study showed poor overall survival 
with a median survival of 62 days. The limited survival 
was not surprising since oncology patients with con-
firmed indication for parenteral nutrition are likely to 

be in poor general condition, have significant comor-
bidities, and present in advanced tumour stages. In 
other studies, survival ranges from 4 to 9 months for 
advanced pancreatic cancer (41) and is about 12 months 
for metastatic gastric cancer (42) and adenocarcinoma 
of the oesophagus (43). Moreover, this explains the 
small number of patients in our study, because patients 
with end-stage oncological diseases are generally hard 
to include in clinical trials. 

Our data shows that oncology patients who re-
quire parenteral nutritional support are exposed to 
considerable health risks including reduced survival. 
Further investigation is needed to determine whether 
this can be improved by earlier nutritional screening 
and intervention. In this context, HGS and PA meas-
urements seem to be the most useful, reliable, and 
easy-to-implement tools.

The validity of our study is limited due to the 
small number of patients and the heterogeneity of the 
study population. For these reasons, detailed statistical 
analysis of tumour stages and their entities could not 
be performed. 

Conclusions

HGS is a reliable tool for the assessment of nu-
tritional status in oncology patients. In this respect, 
BMI, NRS and QoL assessment seem to be less useful. 
Serum albumin is a prognostic tool in various clinical 
conditions, but alone, it is not particularly suitable for 
the diagnosis of malnutrition. The prognosis of oncol-
ogy patients with indication for parenteral nutritional 
therapy is poor, which is reflected in low survival rates.
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Summary. Salt reduction policies have been implemented worldwide and increased potassium intake is also 
recommended. However, simultaneous investigations of dietary behavior and sodium and/or potassium in-
take estimated by urinary excretion are sparse. This study aimed to predict high salt and low potassium in-
take based on dietary behaviors in Japan. The study was comprised of 2627 participants aged 20 to 74 years 
(Men%: 50%) living in Niigata City, Japan. Participants completed a questionnaire about dietary behaviors 
potentially relevant to salt and potassium intake. A casual urine specimen for estimating dietary salt and po-
tassium intake per day was collected the same day. The relationship of estimated dietary salt and potassium 
intake to questionnaire responses was examined using analysis of covariance for age, gender, and body mass 
index. Twenty-eight items on the questionnaire revealed an association with dietary salt and/or potassium 
intake and were divided into 4 categories: related to both high salt and low potassium intake, only high salt 
intake, only low potassium intake, and both high potassium and high salt intake. Identified were 28 dietary 
behaviors that enabled the prediction of high salt and low potassium intake behavior and provided informa-
tion for encouraging decreased salt intake and increased potassium intake among Japanese. 
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O r i g i n a l  a r t i c l e

Introduction

Reduction of dietary salt intake is encouraged 
throughout the world to prevent hypertension, which 
is quantitatively the most important risk factor for car-
diovascular disease (1): systolic blood pressure above 
140 mmHg causes 51% of stroke deaths and 45% of is-
chemic heart disease deaths (2). Hypertension is more 
common than other major risk factors, including ciga-
rette smoking, high blood glucose, and dyslipidemia 
(2). Many countries have salt reduction policies with 
various goals set for daily salt intake (<5.8 g/d in the 
United States (3), 6 g/day in United Kingdom (4), and 

8.0 g/day in men and 7.0 g/day in women in Japan 
(5)). Several countries reported the relationships of salt 
intake to dietary behavior using information from uri-
nary sodium excretion (6-8). 

In addition to salt reduction, increasing potassium 
intake is recommended, such as ≥3510 mg/day by the 
World Health Organization (9), since supplementa-
tion with potassium produces vasodilatation and in-
creases the urinary excretion of sodium chloride (10). 
To more effectively prevent hypertension, it is neces-
sary to implement nutritional policies and education 
that would include both reduction of salt intake and 
increased potassium intake. There has not been evi-
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dence of the value of intakes of salt and potassium 
estimated by urinary excretion. However, there have 
been several previous randomized controlled trials of 
the effect of adjustments in both intake of salt and po-
tassium on blood pressure (11). 

To provide effective nutrition policies and evalua-
tion systems in preventing hypertension, it is necessary 
to assess dietary behavior that affects both high salt 
and low potassium intake and either salt or potassium 
intake because multiple nutrients are usually ingested 
with diets that include salt and potassium (12, 13). 
Intake of food and nutrition is affected by the food 
environment, such as whether food consumed is from 
a fast food restaurant, a full-service restaurant, or is 
homemade (14). Thus, we aimed this study to predict 
dietary behavior related to high salt and low potassium 
intake from a simultaneous sampling of urine sodium 
and potassium excretion among Japan participants. 

Methods

The study was comprised of 2627 participants, 
aged 20 to 74 years, living in Niigata City, Japan, led 
by a working group in Niigata prefecture that provided 
data analysis and made policy recommendations to 
create a nutrition policy and evaluation system. The 
activities involving the study participants were car-
ried out in November 2015 and 2016. Participants 
were selected in all districts of Niigata City, including 
Kita, Akiha, Minami, Higashi, Chuo, Konan, Nishi, 
and Nishikan. Recruitment of participants was done 
by a stratified random sampling method to recruit 
nearly equal numbers of participants into each of the 
six strata defined by gender (men and women) and age 
groups (20-39 years, 40-59 years, and 60-74 years) for 
each of the 8 districts. Call for entry for participation 
in this survey was made by mail to 8560 people. Of 
these, 2627 participants (30.7%) were examined at the 
public health center nearest to his/her residence. The 
participants consisted of 1302 men and 1325 women 
(Men%: 49.6%), and number of participants aged 20-
39 years, 40-59 years, and 60-74 years were 822, 948, 
and 857, respectively. Within one day, participants 
answered a questionnaire on dietary habits, provided 
a casual urine specimen on the day the questionnaire 

was collected using a urine receptacle while alone. They 
also underwent other assessments on the same day. The 
questionnaire on dietary habits and the urine recepta-
cle were sent by mail at the same time. The protocol 
for the study was performed in accordance with the 
Declaration of Helsinki and the Ethical Guidelines 
for Medical and Health Research Involving Human 
Subjects of the Japanese Ministry of Health Labor and 
Welfare, and was approved by the ethics committee of 
the University of Niigata prefecture (#1406). After 
providing written informed consent, participants were 
enrolled in this study.

A casual urine specimen for estimating dietary 
salt and dietary potassium intake per day among 
participants was collected from each participant. All 
specimens were refrigerated at 4°C for 24 hours and 
frozen at -20°C within 7 days and analyzed at a clini-
cal laboratory center in Niigata City. Na and K stud-
ies were conducted by emission flame photometry and 
Cr by the Jaffé method. Estimated sodium excretion 
from a casual urine specimen was validated with that 
of 24-h urinary (24HU) excretion. The obtained for-
mulas for 24-h urinary sodium excretion (24HUNaV) 
and potassium (24HUKV) excretion were reported as 
follows (15): (i) PRCr (mg/day) = -2.04 x age + 14.89 
x weight (kg) + 16.14 x height (cm) -2244.45; (ii) es-
timated 24HUNaV (mEq/day) = 21.98 x XNa0.392; and 
(iii) estimated 24HUKV (mEq/day) = 7.59 x XK0.431; 
where PRCr = predicted value of 24HUCr, SUNa = 
Na concentration in the spot voided urine, SUK = K 
concentration in the spot voided urine, SUCr = creati-
nine concentration in the spot voided urine, and XNa 
(or XK) = SUNa (or SUK)/SUCr x PRCr. These were 
reported to be useful formulas for estimating popula-
tion mean levels of 1-day Na and K excretion (r = 0.54, 
p < 0.01, and r = 0.56, p < 0.01, respectively). Esti-
mated 24HUNaV and 24HUKV were calculated to 
reflect dietary salt and potassium intake, respectively, 
by the following formula according to their atomic 
weights: dietary salt intake (g/day) = 24HUNaV 
(mEq/day)/1000 ÷ 23.3× 58.4, and dietary potassium 
intake (mg/day) = 24HUKV (mEq /day) ÷ 39.1. 

All participants completed a questionnaire on di-
etary behavior potentially relevant to salt and/or po-
tassium intake. This questionnaire was comprised of 
36 questions developed from an empirical perspective 
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gained from interviews with registered dietitians as-
sociated with public administrations or medical ser-
vices. Construction of the questionnaire and possible 
responses are shown in Table 2. The questionnaire was 
based on the frequency of healthy eating behavior (No. 
1-5), intake of salty food (No. 6-15), and potassium-
rich food (No. 7-9, 15, and 16), as well as behavior 
related to salt restriction (No. 17-20, 32, 33, and 36) 
and increased potassium intake (No. 17, 18, 21, 23-30, 
and 36). The questionnaire also elicited information on 
the participant’s knowledge related to salt restriction 
(No. 34 and 35) and increased potassium intake (No. 
22, 31, and 35). Height and weight of all participants 
were measured by trained healthcare professionals in-
cluding doctors, nurses, and dietitians. Accuracy of the 
entire instrument was provided based on the Japanese 
Measurement Act. 

Participants’ characteristics were described as 
mean ± SD or percentages. Differences in salt and po-
tassium intake between the major characteristics ac-
cording to gender, age, and body mass index (BMI), 
household composition, and smoking status were ex-
amined by t-tests or linear regression analysis. Multi-
ple linear regression analyses were used for examining 
the relationships of salt and potassium intake to each 

answer to the questionnaire regarding dietary behavior 
potentially relevant to salt and/or potassium intake. 
Data were then examined after adjustment for gender, 
age (20-39, 40-59, 60-70 years), BMI (<18.5, 18.5-
24.9, ≥ 25.0 kg/m2), household composition (1 person, 
2 persons from 1 generation, 2 generations, >2 gen-
erations), and smoking status (Yes, Quit, Never). The 
associations were presented as linear regression coef-
ficients (B) and p-values. All p-values are two-sided, 
and the significance level is 0.05. All statistical analy-
ses were carried out using SPSS Statistics 23 (IBM, 
New York, NY, USA).

Results

Characteristics of participants
Daily salt and potassium intake according to the 

characteristics of the 2627 participants are shown in 
Table 1. Participants’ mean age was 49.1 years, mean 
BMI was 22.6 kg/m2, and 49.6% were men. Mean 
daily salt intake was 10.0 and 9.5 g in men and wom-
en, respectively (p<0.001). Participants with higher 
salt intake included significantly more men and those 
of an older age, with a high BMI, and who had quit 

Table 1. Characteristics of participants who completed a questionnaire on dietary habits and who underwent spot collection of urine.

Salt intake (g/day) Potassium intake (g/day)

N Mean ± SD B p Mean ± SD B p

Gender Men 1302 10.0 ± 2.4 - < 0.001 1644.1 ± 365.1 - 0.287

Women 1325 9.5 ± 2.2 1659.4 ± 374.5

Age group 20-39 years 822 9.4 ± 2.3 1545.4 ± 376.7

40-59 years 948 10.0 ± 2.3 0.2 < 0.001 1651.9 ± 358.6 104.2 < 0.001

60-74 years 857 9.9 ± 2.2 1753.9 ± 346.4

Household  
composition

1 person 195 9.9 ± 2.5 1674.9 ± 389.8

2 persons from  
1 generation

545 9.9 ± 2.3 -0.1 0.22 1723.2 ± 363.0 -31.5 < 0.001

2 generations 1408 9.7 ± 2.3 1625.7 ± 364.6

>2 generations 479 9.8 ± 2.3 1638.2 ± 374.7

BMI <18.5 kg/m2 229 8.9 ± 2.3 1504.5 ± 379.0

18.5-24.9 kg/m2 1872 9.6 ± 2.2 0.2 < 0.001 1651.0 ± 368.0 95.6 < 0.001

≥ 25.0 kg/m2 526 10.6 ± 2.3 1718.9 ± 354.2

Smoking Yes 467 9.9 ± 2.4 1603.6 ± 356.0

Quit 514 10.1 ± 2.2 -0.2 0.004 1678.1 ± 332.9 19.9 0.032

Never 1646 9.6 ± 2.3 1657.3 ± 383.5



C. Horikawa, N. Murayama, M. Sasaya, et al.152

Table 2. Dietary salt intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potassium intakes 

 Sodium intake

No.    Questionnaire items Answer n  Mean [95% CI] B p 

1. Frequency of alcohol consumption Daily 524 10.1 [9.8-10.3]
 5-6 times/week  212 9.8 [9.5-10.1]
 3-4 times/week  211 9.9 [9.6-10.2]
 1-2 times/week  257 9.6 [9.4-9.9] -0.1  0.001 
 1-3 times/month  260 9.7 [9.5-10.0]
 Rarely 560 9.8 [9.6-10.0]
 Never 603 9.5 [9.3-9.7]

2. No. meals/day consisting of a staple food, main dish, 3 times/day 737 9.6 [9.4-9.8]
and side dishes 2 times/day 1027 9.8 [9.7-9.9] 0.1  0.033 
 1 time/day 863 9.9 [9.7-10.0]

3. Makes oneself gorge on a meal Usually 1345 9.9 [9.8-10.0]
 Sometimes 958 9.7 [9.6-9.8] -0.2  < 0.001
 Really 324 9.4 [9.1-9.6]

4. Frequency of  ≥2 different staples foods ≥ 3 times/week 269 10.1 [9.8-10.4]
 1-2 times/week 753 10.1 [9.9-10.2] -0.3  < 0.001
 < 1 time/week 1605 9.6 [9.5-9.7]

5. Consumption of 1-dish meals ≥ 3 times/week 62 10.3 [9.8-10.9]
 1-2 times/week 1444 9.8 [9.7-9.9] -0.1  0.108 
 < 1 time/week 1121 9.7 [9.6-9.8]

6. Consumption of noodles ≥ 3 times/week 408 10.1 [9.9-10.3]
 1-2 times/week 1586 9.8 [9.7-9.9] -0.4  < 0.001
 < 1 time/week 633 9.4 [9.2-9.6]

7. Quantity of soup consumed when eating noodles Total volume 518 10.3 [10.1-10.5]
 1/2 795 9.9 [9.7-10.1] -0.4  < 0.001
 1/3 698 9.8 [9.6-9.9]
 very little 616 9.1 [9.0-9.3]

8. No. servings of soups ≥ 3 servings/day 143 10.0 [9.6-10.4]
 2 servings/day 761 10.0 [9.9-10.2] -0.2  < 0.001
 1 serving/day 1346 9.7 [9.6-9.8]
 < 1 serving/day 377 9.5 [9.3-9.7]

9. No. servings of simmered dishes ≥ 4 servings/day 135 9.7 [9.4-10.1]
 2-3 servings/day 833 9.8 [9.7-10.0] 0.0  0.406 
 1 serving/day 1212 9.8 [9.6-9.9]
 < 1 serving/day 447 9.7 [9.5-9.9]

10. Consumption of salt-cured fish eggs ≥ 1 times/day 173 10.1 [9.7-10.4]
 1 time/2 days 431 10.2 [10.0-10.4] -0.3  < 0.001
 < 1 time/2 days 2023 9.6 [9.5-9.7]

11. Consumption of salted fish  ≥ 1 times/day 254 10.0 [9.7-10.2]
 1 time/2 days 972 9.9 [9.7-10.0] -0.2  0.008 
 < 1 time/2 days 1401 9.7 [9.5-9.8]

12. Consumption of processed meat products ≥ 1 time/day 404 9.9 [9.6-10.1]
 1 time/2 days 1456 9.8 [9.6-9.9] 0.0  0.534 
 < 1 times/2 days 767 9.8 [9.6-9.9]

(Continued)
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Table 2. (continued) Dietary salt intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potas-
sium intakes 

 Sodium intake

No.    Questionnaire items Answer n  Mean [95% CI] B p 

13.Consumption of fish paste products ≥ 1 time/day 112 9.9 [9.5-10.3]
(e.g. Kamaboko, chikuwa)  1 time/2 days 1144 9.8 [9.7-10.0] -0.1  0.141 
 < 1 time/2 days 1371 9.7 [9.6-9.8]

14. Consumption of salty snacks  ≥ 1 times/day 653 9.9 [9.7-10.0]
 1 time/2 days 862 9.7 [9.6-9.9] -0.1  0.195 
 < 1 time/2 days 1112 9.7 [9.6-9.9]

15. Consumption of pickled vegetables ≥ 1 times/day 433 10.2 [9.9-10.4]
 1 times/2 days 1082 9.8 [9.7-9.9] -0.3  < 0.001
 < 1 times/2 days 1112 9.6 [9.4-9.7]

16. No. vegetable side dishes  ≥ 5 servings/day 324 9.6 [9.3-9.8]
 3-4 servings/day 1022 9.7 [9.6-9.9] 0.1  0.041 
 < 2 serving/day 1281 9.8 [9.7-10.0]

17. Frequency of eating out ≥ 4 times/week 103 9.9 [9.4-10.3]
 2-3 times/week 598 9.8 [9.6-10.0] -0.1  0.538 
 <2 times/week 1926 9.8 [9.7-9.9]

18. Frequency of using delicatessen food ≥ 4 times/week 422 9.9 [9.7-10.1]
 2-3 times/week 1043 9.8 [9.7-9.9] -0.1  0.035 
 <2 times/week 1162 9.7 [9.5-9.8]

19. Attempts use of dashi flavor, broth, the stock trying actively 514 9.7 [9.5-9.8]
and the natural taste of food trying a little 715 10.0 [9.8-10.1] 0.0  0.837 
 not trying much 830 9.7 [9.5-9.8]
 not trying at all 568 9.7 [9.6-9.9]

20. Prefers strong-tasting meals Yes 980 10.0 [9.9-10.2] -0.4  < 0.001
 No 1647 9.6 [9.5-9.7]

21 Prefers eating vegetables Prefers 1587 9.8 [9.7-9.9]
 Prefers relatively 752 9.7 [9.5-9.9] 0.0  0.695 
 Prefers a little 263 9.8 [9.5-10.1]
 Does not prefer 25 9.6 [8.8-10.5]

22. Ability to cook vegetable side dishes Being able  1366 9.8 [9.6-9.9]
 Being relatively able 648 9.7 [9.5-9.9] 0.0  0.568 
 Being relatively unable 307 9.9 [9.6-10.2]
 Being unable 306 9.8 [9.5-10.1]

Importance of the following points  for buying and eating vegetables:

23. freshness Very important 1400 9.7 [9.6-9.9]
 Quite important 1101 9.8 [9.7-9.9] 0.0  0.911 
 Not so important 93 9.8 [9.3-10.2]
 Not at all important 33 9.4 [8.6-10.2]

24. Seasonal foods Very important 749 9.7 [9.5-9.9]
 Quite important 1376 9.8 [9.7-9.9] 0.1  0.128 
 Not so important 401 9.8 [9.6-10.0]
 Not at all important 101 10.1 [9.7-10.6]

25. Reasonable prices Very important 1465 9.8 [9.7-9.9]
 Quite important 1005 9.7 [9.6-9.9] -0.1  0.136 
 Not so important 110 9.6 [9.2-10.0]
 Not at all important 47 9.5 [8.8-10.1]
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Table 2. (continued) Dietary salt intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potas-
sium intakes 

 Sodium intake

No.    Questionnaire items Answer n  Mean [95% CI] B p 

26. Local products Very important 442 9.6 [9.4-9.8]
 Quite important 1007 9.7 [9.6-9.9] 0.1  0.175 
 Not so important 799 9.9 [9.8-10.1]
 Not at all important 379 9.7 [9.5-9.9]

27. Safety Very important 1329 9.8 [9.7-9.9]
 Quite important 1033 9.7 [9.6-9.8] 0.0  0.904 
 Not so important 217 10.1 [9.8-10.4]
 Not at all important 48 9.5 [8.8-10.1]

28. Preference of oneself and one’s family Very important 1072 9.8 [9.6-9.9]
 Quite important 1337 9.8 [9.6-9.9] 0.0  0.943 
 Not so important 166 9.8 [9.4-10.1]
 Not at all important 52 9.7 [9.1-10.3]

29. Time and effort for cooking Very important 435 9.7 [9.5-9.9]
 Quite important 1271 9.8 [9.7-9.9] 0.0  0.854 
 Not so important 697 9.8 [9.6-9.9]
 Not at all important 224 9.6 [9.4-9.9]

30. Health effects Very important 804 9.7 [9.6-9.9]
 Quite important 1350 9.8 [9.6-9.9] 0.0  0.474 
 Not so important 389 9.9 [9.6-10.1]
 Not at all important 84 9.8 [9.3-10.2]

31. Number of vegetable side dishes per day Don’t know 142 9.6 [9.2-10.0]
considered for health 1-2 servings/day 250 10.1 [9.8-10.4]
 3-4 servings/day 1155 9.8 [9.6-9.9] -0.1  0.213 
 5-6 servings/day 810 9.7 [9.6-9.9]
 ≥ 7 servings/day 270 9.6 [9.3-9.9]

32. Trying to reduce salt intake Trying actively 261 9.3 [9.1-9.6]
 Trying a little 1049 9.7 [9.5-9.8] 0.2  < 0.001
 Not trying much 1051 9.9 [9.8-10.1]
 Not trying at all 266 10.0 [9.7-10.2]

33. Knowing the amount of salt intake Yes 1238 9.7 [9.6-9.8] -0.2  0.060 
per day desirable for health No 1389 9.8 [9.7-10.0]

34. Recognizing one’s salt intake as moderate A little 86 9.0 [8.5-9.4]
  Relatively small 212 9.6 [9.3-9.9]
 Moderate  873 9.6 [9.4-9.7] 0.3  < 0.001
 Relatively great 1250 9.9 [9.8-10.0]

 Very great 206 10.3 [10.0-10.6]

35. Knowing that potassium is highly involved in vegetables Yes 1170 9.6 [9.5-9.8] 0.2  0.015 
and fruits and promotes urinary sodium excretion No 1457 9.9 [9.7-10.0]

36. Checks nutrition facts Checks actively 200 9.5 [9.2-9.9]
when buying food and eating out Checks a little 787 9.8 [9.6-9.9]
 Not checks much 671 9.7 [9.6-9.9] 0.1  0.201 
 Not checks at all 918 9.8 [9.7-10.0]
 Don’t know 51 9.7 [9.1-10.3]

Analyses were conducted by analysis of covariance for gender, age group, household composition, BMI (<18.5, 18.5-24.9, ≥ 25.0), 
and smoking status.
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smoking (p<0.001, <0.001, <0.001, and 0.004, respec-
tively). There were no significant trends in household 
composition among values for salt intake. As to daily 
potassium intake, mean consumption by men and 
women were 1644.1 mg and 1659.4 mg, respectively 
(p= 0.287). Potassium intake differed significantly ac-
cording to gender, age group, household composition, 
and smoking status.

Dietary salt intake and responses to the questionnaire
The association between dietary salt intake ac-

cording to responses to the questionnaire on dietary 
behaviors potentially relevant to urinary values for salt 
and/or potassium intake is shown in Table 2. Sixteen 
of the 36 items on the questionnaire showed relation-
ships with high salt intake per day, and 15 of these 16 
items were questions relevant to healthy eating behav-
ior, salty food intake, and behavior and knowledge re-
lated to salt restriction. Those 15 were high frequency 
of alcohol consumption (p = 0.001), small number of 
meals consisting of a staple food, main dish, and side 
dishes per day (p= 0.033), high frequency of making 
oneself gorge on a meal (p <0.001), high frequency of 
having ≥2 different staple foods per meal (p <0.001), 
high frequency of having noodles (p < 0.001), large 
quantity of soup consumed when eating noodles (p 
<0.001), large number of soups per day (p <0.001), 
high frequency of having salt-cured fish eggs per day 
(p <0.001), high frequency of having salted fish per day 
(p =0.008), high frequency of having pickled vegeta-
bles per day (p <0.001), high frequency of using deli-
catessen food (p =0.035), preference for strong-tasting 
meals (p <0.001), not trying to reduce salt intake (p 
<0.001), estimating one’s own salt intake as more than 
moderate (p <0.001), and not knowing that vegeta-
bles and fruits have high levels of potassium, which 
and promotes urinary sodium excretion (p = 0.015). 
The remaining 1 item was a question about potassium-
rich food intake, and a small number of vegetable side 
dishes per day was significantly associated with high 
dietary salt intake (p =0.041). 

Potassium intake and responses to the questionnaire
As for low potassium intake, an association was 

shown for potassium intake in 23 of the 36 items (Ta-
ble 3). These 23 items included not only questions re-

lated to healthy eating behavior, potassium-rich food 
intake, and behavior and knowledge related to in-
creased potassium intake but also those related to salty 
food intake and knowledge and behavior related to salt 
restriction. These items included low frequency of al-
cohol consumption (p <0.001), small number of meals 
consisting of a staple food, main dish, and side dishes 
per day (p <0.001), low frequency of making oneself 
gorge on a meal (p =0.016), and high frequency of hav-
ing ≥2 different staple foods per meal (p <0.001) as 
healthy eating behavior. A small quantity of soup con-
sumed when eating noodles (p =0.015), small number 
of soups per day (p <0.001), small number of simmered 
dishes per day (p <0.001), low frequency of having 
pickled vegetables per day (p = 0.035), and a small 
number of vegetable side dishes per day (p <0.001) in-
dicated intake of potassium-rich food. Five of these 
6 items were also items relevant to salty food intake. 
As to behavior and knowledge relevant to increased 
potassium intake, the following apply: high frequency 
of using delicatessen food (p =0.006), not preferring to 
eat vegetables (p <0.001), being unable to cook veg-
etable side dishes (p = 0.001), not considering fresh-
ness important when buying and eating vegetables (p 
= 0.001), seasonal foods (p = 0.005), local products 
(p = 0.008), safety (p = 0.006), and health effects (p 
<0.001), not knowing that a small number of vegetable 
side dishes per day is important for health (p = 0.001), 
not knowing that potassium is highly involved in veg-
etables and fruits and promotes urinary sodium excre-
tion (p <0.001), and not checking nutrition facts when 
buying food and eating out (p <0.001). Not trying to 
use dashi flavor, broth, stock, and the natural taste of 
food (p <0.001), not trying to reduce salt consump-
tion (p = 0.001), not knowing the amount of desir-
able salt intake per day for health, and self evaluation 
of one’s salt intake as less than moderate (p = 0.004) 
were items involving behavior and knowledge related 
not to increased potassium intake but to restriction of 
salt intake.

Summary of questionnaire items of dietary habits related 
to both dietary salt and potassium intake

Table 4 summarizes the questionnaire items for 
dietary habits related to dietary salt and potassium in-
takes. A total of 28 of 36 items were related to dietary 
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Table 3. Dietary potassium intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potassium in-
takes 

No.    Questionnaire items Answer n Mean [95%CI] B p
1. Frequency of alcohol consumption Daily 524 1694.4 [1662.1-1726.7]
 5-6 times/week  212 1696.5 [1648.5-1744.6]
 3-4 times/week  211 1742.8 [1694.8-1790.9] -16.7  < 0.001
 1-2 times/week  257 1627.9 [1584.3-1671.4]
 1-3 times/month  260 1645.1 [1601.3-1688.9]
 Rarely 560 1625.5 [1595.7-1655.3]
 Never 603 1604.8 [1576.0-1633.7]

2. No. meals/day consisting of a staple food,  3 times/day 737 1685.5 [1659.3-1711.7]
main dish, and side dishes 2 times/day 1027 1666.8 [1645.0-1688.6] -40.7  < 0.001
 1 time/day 863 1605.3 [1581.1-1629.5]

3. Makes oneself gorge on a meal Usually 1345 1665.0 [1645.5-1684.4]
 Sometimes 958 1649.0 [1626.3-1671.7] -25.5  0.016 
 Really 324 1605.8 [1565.5-1646.0]

4. Frequency of ≥2 different staple foods ≥ 3 times/week 269 1651.0 [1608.0-1694.0]
 1-2 times/week 753 1644.4 [1618.6-1670.2] 5.0  0.638 
 < 1 time/week 1605 1655.5 [1637.8-1673.1]

5. Consumption of 1-dish meals ≥ 3 times/week 62 1714.1 [1624.6-1803.5]
 1-2 times/week 1444 1646.3 [1627.8-1664.9] 0.4  0.978 
 < 1 time/week 1121 1655.5 [1634.3-1676.6]

6. Consumption of  noodles ≥ 3 times/week 408 1657.4 [1622.2-1692.5]
 1-2 times/week 1586 1653.0 [1635.4-1670.7] -6.3  0.585 
 < 1 time/week 633 1645.3 [1617.0-1673.5]

7. Quantity of soup consumed when Total volume 518 1659.7 [1627.8-1691.7]
eating noodles 1/2 795 1676.8 [1651.8-1701.7] -17.3  0.015 
 1/3 698 1648.9 [1622.3-1675.6]
 very little 616 1616.4 [1587.4-1645.4]

8. No. servings of soups ≥ 3 servings/day 143 1694.7 [1635.8-1753.7]
 2 servings/day 761 1687.2 [1661.7-1712.6] -34.6  < 0.001
 1 serving/day 1346 1637.7 [1618.6-1656.8]
 < 1 serving/day 377 1614.6 [1578.4-1650.9]

9. No. servings of simmered dishes ≥ 4 servings/day 135 1722.2 [1661.1-1783.3]
 2-3 servings/day 833 1683.4 [1658.6-1708.1] -37.4  < 0.001
 1 serving/day 1212 1636.2 [1616.0-1656.4]
 < 1 serving/day 447 1614.3 [1580.3-1648.2]

10. Consumption of salt-cured fish ≥ 1 times/day 173 1625.2 [1571.6-1678.8]
 1 time/2 days 431 1652.3 [1618.2-1686.5] 10.2  0.403 
 < 1 time/2 days 2023 1654.0 [1638.4-1669.6]

11. Consumption of salted fish eggs ≥ 1 times/day 254 1659.4 [1615.4-1703.3]
 1 time/2 days 972 1672.0 [1649.2-1694.8] -19.8  0.065 
 < 1 time/2 days 1401 1636.5 [1617.5-1655.5]

12. Consumption of processed meat ≥ 1 time/day 404 1631.3 [1596.1-1666.4]
products 1 time/2 days 1456 1655.6 [1637.2-1674.0] 10.0  0.359 
 < 1 times/2 days 767 1655.6 [1630.0-1681.2]

13. Consumption of fish paste products ≥ 1 time/day 112 1596.0 [1529.8-1662.2]
(eg. Kamaboko, chikuwa) 1 time/2 days 1144 1667.9 [1647.1-1688.7] -6.4  0.598 
 < 1 time/2 days 1371 1643.0 [1624.0-1662.0]

14. Consumption of salty snacks  ≥ 1 times/day 653 1646.4 [1618.9-1673.9]
 1 time/2 days 862 1663.9 [1640.0-1687.8] -2.0  0.824 
 < 1 time/2 days 1112 1645.6 [1624.5-1666.8]

(Continued)
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Table 3. (continued) Dietary potassium intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potas-
sium intakes 

No.    Questionnaire items Answer n Mean [95%CI] B p 
15. Consumption of pickled vegetables ≥ 1 times/day 433 1671.7 [1637.1-1706.3]
 1 times/2 days 1082 1662.8 [1641.4-1684.2] -21.1  0.039 
 < 1 times/2 days 1112 1633.4 [1611.8-1655.1]

16. No. vegetable side dishes  ≥ 5 servings/day 324 1752.0 [1712.6-1791.3]
 3-4 servings/day 1022 1666.8 [1644.7-1688.8] -64.0 < 0.001
 < 2 serving/day 1281 1614.6 [1594.6-1634.6]

17. Frequency of eating out ≥ 4 times/week 103 1622.7 [1552.8-1692.5]
 2-3 times/week 598 1650.1 [1621.0-1679.2] 9.3  0.486 
 <2 times/week 1926 1653.9 [1637.8-1670.0]

18. Frequency of using delicatessen food ≥ 4 times/week 422 1625.3 [1590.9-1659.6]
 2-3 times/week 1043 1638.3 [1616.7-1660.0] 26.5  0.006 
 <2 times/week 1162 1673.6 [1653.0-1694.2]

19. Attempts use of dashi flavor, broth, the stock trying actively 514 1694.2 [1663.2-1725.3]
and the natural taste of food trying a little 715 1677.7 [1651.5-1703.9] -28.8  < 0.001
 not trying much 830 1626.2 [1601.9-1650.6]
 not trying at all 568 1618.3 [1588.7-1648.0]

20. Prefers strong-tasting meals Yes 980 1633.8 [1610.9-1656.6] 28.8  0.054 
 No 1647 1662.6 [1645.1-1680.1]

21 Prefers eating vegetables Prefers 1587 1688.7 [1670.9-1706.4]
 Prefers relatively 752 1603.0 [1577.5-1628.6] -60.6  < 0.001
 Prefers a little 263 1571.7 [1527.7-1615.7]
 Does not prefer 25 1625.8 [1486.1-1765.5]

22. Ability to cook vegetable side dishes Being able  1366 1680.0 [1660.3-1699.7]
 Being relatively able 648 1621.2 [1593.7-1648.7] -25.9  0.001 
 Being relatively unable 307 1641.2 [1600.3-1682.1]
 Being unable 306 1601.7 [1559.5-1643.9]

Importance of the following points for buying and eating vegetables:
23. freshness Very important 1400 1663.7 [1644.9-1682.4]
 Quite important 1101 1651.3 [1630.2-1672.4] -37.0  0.001 
 Not so important 93 1545.0 [1472.2-1617.8]
 Not at all important　 33 1469.6 [1347.6-1591.6]

24. Seasonal foods Very important 749 1676.3 [1650.7-1702.0]
 Quite important 1376 1653.3 [1634.4-1672.2] -26.0  0.005 
 Not so important 401 1605.0 [1569.7-1640.4]
 Not at all important　 101 1636.2 [1565.9-1706.5]

25. Reasonable prices Very important 1465 1649.3 [1630.8-1667.8]
 Quite important 1005 1660.3 [1637.9-1682.7] -3.9  0.713 
 Not so important 110 1638.3 [1571.4-1705.2]
 Not at all important　 47 1582.3 [1479.7-1684.9]

26. Local products Very important 442 1665.3 [1631.6-1698.9]
 Quite important 1007 1673.2 [1651.0-1695.3] -20.6  0.008 
 Not so important 799 1635.0 [1610.1-1659.9]
 Not at all important　 379 1615.0 [1578.4-1651.5]

27. Safety Very important 1329 1662.4 [1643.1-1681.6]
 Quite important 1033 1651.3 [1629.5-1673.0] -26.9  0.006 
 Not so important 217 1630.6 [1582.6-1678.5]
 Not at all important　 48 1469.4 [1368.3-1570.6]
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salt and/or potassium intakes and were divided into 4 
categories as related to both high salt and low potas-
sium intake, only to high salt intake, only to low potas-
sium intake, and to both high potassium and high salt 
intake. However, 11 of the 28 items were inconsistent 
with registered dietitians’ initial expectations regarding 
the relationship to salt and/or potassium intake.

Five question items involved relationships with 

both high salt and low potassium intake; of these 5 
items there was 1 item that was expected to indicate 
healthy eating behavior (No. 2), 1 item expected to in-
dicate behavior for both salt restriction and increased 
potassium intake (No. 18), 1 item expected to indicate 
knowledge on both salt restriction and increased po-
tassium intake (No. 35), 1 item expected to be only 
related to knowledge on salt restriction (No. 32), and 

Table 3. (continued) Dietary potassium intake and responses to the questionnaire on dietary habits potentially relevant to salt and/or potas-
sium intakes 

No.    Questionnaire items Answer n Mean [95%CI] B p
28. Preference of oneself and one’s family Very important 1072 1643.7 [1622.2-1665.2]
 Quite important 1337 1667.1 [1648.0-1686.3] -6.8  0.513 
 Not so important 166 1612.1 [1557.7-1666.5]
 Not at all important 52 1553.3 [1456.0-1650.7]

29. Time and effort for cooking Very important 435 1626.6 [1592.9-1660.4]
 Quite important 1271 1665.5 [1645.9-1685.2] -0.1  0.988 
 Not so important 697 1649.3 [1622.7-1676.0]
 Not at all important 224 1630.8 [1583.9-1677.7]

30. Health effects Very important 804 1676.8 [1652.0-1701.5]
 Quite important 1350 1657.6 [1638.6-1676.6] -38.4  < 0.001
 Not so important 389 1606.2 [1570.4-1642.1]
 Not at all important 84 1531.7 [1455.1-1608.3]

31. Number of vegetable side dishes Don’t know 142 1629.2 [1570.3-1688.1]
per day considered for health 1-2 servings/day 250 1628.6 [1584.3-1673.0] 23.5  0.001 
 3-4 servings/day 1155 1634.6 [1613.9-1655.3]
 5-6 servings/day 810 1666.9 [1642.1-1691.7]
 ≥ 7 servings/day 270 1713.9 [1671.1-1756.7]

32. Trying to reduce salt intake Trying actively 261 1677.2 [1633.1-1721.2]
 Trying a little 1049 1680.1 [1658.1-1702.0] -31.4  0.001 
 Not trying much 1051 1628.2 [1606.3-1650.0]
 Not trying at all 266 1609.2 [1565.5-1652.9]

33. Knowing the amount of salt intake Yes 1238 1682.7 [1662.6-1702.7] 58.3  < 0.001
per day desirable for health No 1389 1624.4 [1605.5-1643.3]

34. Recognizing one’s salt intake A little 86 1517.0 [1441.0-1593.1]
as moderate  Relatively small 212 1625.3 [1577.1-1673.4] 23.6  0.004 
 Moderate  873 1654.8 [1631.1-1678.6]
 Relatively great 1250 1660.2 [1640.4-1680.0]
 Very great 206 1671.9 [1622.6-1721.1]

35. Knowing that potassium is highly involved in Yes 1170 1688.1 [1667.4-1708.7] -65.3  < 0.001
vegetables and fruits and promotes urinary sodium excretion No 1457 1622.7 [1604.3-1641.2]

36. Checks nutrition facts Checks actively 200 1670.4 [1620.6-1720.1]
when buying food and eating out Checks a little 787 1701.6 [1676.3-1726.9] -34.0  < 0.001
 Not checks much 671 1651.8 [1624.8-1678.9]
 Not checks at all 918 1608.3 [1584.8-1631.8]
 Don’t know 51 1594.7 [1496.5-1693.0]

Analyses were conducted by analysis of covariance for gender, age group, household composition, BMI (<18.5, 18.5-24.9, ≥ 25.0), and 
smoking status.
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1 item expected to be only related to intake of potas-
sium-rich food (No. 16).  Five items involved only 
high salt intake and these items were anticipated to 
be about healthy eating behavior (No. 4), salty food 

intake (No.6, 10, and 11), and behavior for salt re-
striction (No. 20). There were 12 items only related 
to low potassium intake: 6 of the 12 items were the 
questions expected to indicate behavior for increased 

Table 4. Summary of questionnaire items of dietary habits related with dietary salt and potassium intakes

No.  Questionnaire items Type of question

Items related to both high salt and low potassium intakes

2.   No. meals/day consisting of a staple food, main dish, and side dishes HE

16.  Small number of vegetable side dishes PI

18.  High frequency of using delicatessen food SB, PB

32.  Trying to reduce salt intake SB

35.  Knowing that potassium is highly involved in vegetables and fruits and promotes SK, PK

urinary sodium excretion

Items related with only high salt intake

4.   Frequency of having ≥2 different staple foods HE

6.   Consumption of noodles SI

10.  Consumption of salt-cured fish eggs SI

11.  Consumption of salted fish SI

20.  Prefers strong-tasting meals SB

Items related with only low potassium intake

9.   No. servings of simmered dishes SI, PI

19.  Attempts use of dashi flavor, broth, the stock and the natural taste of food SB

21.  Prefers eating vegetables PB

22.  Ability to cook vegetable side dishes PK

Not considering the following points to be important for buying and eating vegetables:

23.  Freshness PB

24.  Seasonal foods PB

26.  Local products PB

27.  Safety PB

30.  Health effects PB

31.  No. vegetable side dishes per day considered for health PK

33.  Knowing the amount of salt intake per day desirable for health SB

36.  Checks nutrition facts when buying food and eating out SB, PB

Items related with both high potassium and high salt intake 

1.   Frequency of alcohol consumption HE

3.   Makes oneself gorge on a meal HE

7.   Quantity of soup consumed when eating noodles SI

8.   No. servings of soups SI, PI

15.  Consumption of pickled vegetables SI

34.  Recognizing one’s salt intake as moderate SK

Abbreviations: HE, healthy eating behavior; SI, salty food intake; PI, potassium-rich food intake, SB, behavior for salt restriction; PB, behav-
ior for increased potassium intake; SK, knowledge for salt restriction; PK, knowledge for increased potassium intake.
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potassium intake (No. 21, 23, 24, 26, 27, and 30), 2 
were expected to indicate knowledge about increased 
potassium intake (No. 22 and 31), 2 were expected to 
indicate behavior regarding salt restriction (No. 19 and 
33), 1 was expected to indicate intake of both salty and 
potassium-rich food (No. 9), and 1 was expected to 
indicate behavior about both salt restriction and in-
creased potassium intake (No. 36). Six items related to 
both high potassium and high salt intake were found. 
Of these, 2 items were anticipated to involve healthy 
eating behavior (No. 1 and 3), 2 items anticipated salty 
food intake (No. 7 and 15), 1 item was anticipated to 
involve intake of both salty and potassium-rich food 
(No. 8), 1 item was about potassium-rich food in-
take (No. 32), and 1 item was anticipated to indicate 
knowledge about salt restriction (No. 15).

Discussion 

Dietary salt reduction and increasing potassium 
intake are encouraged worldwide for reduction of 
blood pressure to decrease the incidence of cardiovas-
cular disease such as stroke and coronary heart disease. 
These challenges are especially important for Japan as 
Japan has the highest dietary salt intake among de-
veloped countries (16). However, simultaneous inves-
tigations of salt and/or potassium intake and dietary 
behavior relating to high salt and low potassium intake 
are sparse. Our current study addressed this issue with 
the cooperation of Niigata city, Japan. Our findings 
can contribute to developing evidence-based educa-
tion on reducing salt intake and increasing potassium 
intake for Japanese people.

Our results showed that a total of 28 of 36 items 
on the questionnaire developed from an empirical per-
spective gained from registered dietitians associated 
with public administrations or medical services were 
related to dietary salt and/or potassium intake. Given 
that the majority of items were related to salt and/or 
potassium intake, it was reasonable to assume that the 
questionnaire generally followed the lines of question-
naires used in previous dietary education to reduce 
salt intake. However, results that were inconsistent 
with registered dietitians’ initial expectations regard-
ing the relationship with salt and/or potassium intake 

were obtained for 11 of the 28 items. Because of this, 
attention should be paid when providing information 
based on these items to participants in community 
salt reduction interventions so as not to mislead them. 
However, the majority of the questionnaire items were 
relevant to salt and/or potassium intake.

Among the five questionnaire items categorized 
as “Items related to both high salt and low potassium 
intakes”, “Small number of vegetable side dishes per 
day” (item No. 16) and “Not trying to reduce salt in-
take” (item No. 32) had initially been expected to be 
related to “potassium-rich food intake” and “behavior 
for salt restriction”, respectively. Regarding item No. 
16, a previous report demonstrated that individuals 
who consumed vegetables infrequently and in small 
quantities had a low level of health awareness, includ-
ing awareness of salt reduction (17), suggesting that 
low vegetable consumption and associated unhealthy 
eating habits in terms of salt intake may have led to 
low potassium intake as well as high salt intake. Simi-
larly, individuals who do not engage in reducing salt 
intake tend to eat vegetables less frequently and in 
small quantities (17). This may explain the relation-
ship of item No. 32 with both high salt and low potas-
sium intake. In summary, individuals who report eat-
ing a small number of vegetable side dishes and those 
who report not trying to reduce salt intake are likely 
to adopt other unhealthy eating habits in terms of salt 
and potassium intakes, highlighting the importance of 
encouraging this group of individuals to acquire the 
knowledge and skills to reduce salt intake in their daily 
lives through educational interventions.

All five items in the “Items related to only high 
salt intake” category had been expected by registered 
dietitians experienced in community nutrition to be 
related to healthy eating behaviors or salt intake. This 
result may support the validity of their expectations 
and indicates that nutritional strategies focusing on 
these items should continue to be implemented in the 
future. 

Among the 12 items categorized as “Items related 
to only low potassium intake”, “Small number of sim-
mered dishes per day” (item No. 9) had initially been 
believed to be related to “Behavior for both salt restric-
tion and increased potassium intake”, while “Not trying 
to use dashi flavor, broth, stock and the natural taste of 
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food” (item No. 19) and “Not knowing the amount of 
desirable salt intake per day for health” (item No. 33) 
were initially believed to be related to “Behavior for 
salt restriction only”, and “Not checking nutrition facts 
when buying food and eating out” (item No. 36) had 
been believed to be related to “Behavior for both salt 
restriction and increased potassium intake”. Regarding 
item No. 9, since simmered dishes are often prepared 
with vegetables and traditionally high-salt seasonings, 
such as soy sauce and miso (18), we hypothesized when 
designing the questionnaire that the consumption of 
simmered dishes would increase both potassium and 
salt intakes. However, it was found that the consump-
tion of simmered dishes was significantly related only 
to potassium intake in this questionnaire. This may be 
because the use of those seasoning products has de-
creased in the last 20 years, as reported in the National 
Health and Nutrition Survey in Japan (19-20), and 
that foreign food cultures, including the use of West-
ern seasonings and spices with a relatively low salt con-
tent, have become popular (21). In the present study, a 
significant relationship with the consumption of sim-
mered dishes was only observed for potassium intake, 
a parameter associated with vegetable consumption. 
With respect to item No. 19, stocks and broths were 
reported to enhance the perceived taste and flavor of 
low-salt diets because of their umami substance con-
tents (22). On that basis, we hypothesized that the 
effective use of stocks and broths in meals would re-
duce salt intake. However, this study failed to detect a 
significant relationship between not making good use 
of stocks, broths, or the natural flavors of foods and 
salt intake. Thus, it is recommended that ways to make 
stocks and broths in participants’ homes be assessed, 
and that appropriate methods for their preparation be 
promoted through cooking classes and other activities. 
A possible reason for the significant relationship with 
high potassium intake is that stocks and broths are 
often used in soups and simmered dishes, which are 
commonly prepared with vegetables (18). Thus, indi-
viduals who do not use stocks and broths are likely to 
have a low-vegetable, i.e., low-potassium, diet. 

Knowing appropriate healthy levels of daily salt 
intake (item No. 33) would logically be expected to 
be related to salt intake, and referring to food labels 
when purchasing food or making eating-out decisions 

(item No. 36) to salt and potassium intake. However, 
these items were found to be related only to potassium 
intake. The results suggest that individuals who rec-
ognize appropriate levels of daily salt intake may have 
a high level of awareness about healthy diets, such as 
those rich in vegetables (17), but may fail to take ac-
tion to reduce salt intake. Taken together, these results, 
particularly those for items No. 19, 33, and 36, demon-
strate that Japanese people have not yet fully adopted 
effective food preparation and food purchasing skills 
needed to successfully reduce salt intake in a sustained 
manner. To address this issue, future efforts should 
focus not only on continuously raising awareness and 
knowledge of salt intake among the population, but 
also on providing long-term educational interven-
tions, such as cooking classes and role-playing activi-
ties simulating food purchasing situations through a 
population-based approach.

Six items were identified as “Items related to high 
potassium and high salt intake at the same time”. With 
respect to “Frequency of alcohol consumption” (item 
No. 1), given that alcohol consumption itself is a risk 
factor for hypertension (23), and that salt intake has a 
more direct impact on blood pressure elevation than 
potassium intake (10), it is still reasonable to recom-
mend reducing alcohol consumption. Regarding fre-
quency of “Making oneself gorge on a meal” (item No. 
3), it is assumed that both salt and potassium intakes 
would increase with increases in food intake. Simi-
larly, as for “Quantity of soup consumed when eating 
noodles” (item No. 7) and “Number of soups per day” 
(item No. 8), the use of salt and high-salt seasonings 
in noodle soup (the soup in soup-based noodle dishes) 
and soup dishes (18), and leaching of nutrients, in-
cluding potassium, from ingredients into the soup in 
these dishes (24) may be responsible for the concomi-
tant increase in salt and potassium intakes. In terms 
of “Frequency of having pickled vegetables per day” 
(item No. 15), pickled vegetables can be a source of 
both potassium and salt, due to the potassium content 
of their major ingredients (24). Since the prevention of 
hypertension is more strongly affected by salt than by 
potassium intake (10), it is still necessary to promote 
recommended eating practices, including not eating 
until feeling completely full, limiting the consump-
tion of noodle soup and soup dishes, and reducing the 
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consumption of pickles. As for “considering one’s own 
salt intake as more than moderate” (item No. 34), indi-
viduals who are already aware of their high salt intake 
should be encouraged to translate this awareness into 
action, with a key focus on reducing salt intake, which 
is more effective in lowering blood pressure than in-
creasing potassium intake.

The present study had several limitations. First, 
the participants were all residents of Niigata city in 
Japan. It has been reported that many countries have 
regional differences in dietary habits and nutritional 
intake including salt and potassium intakes (25-27). 
Additional research in other prefectures is of impor-
tance for nationwide salt reduction policies. Second, 
this study included only participants aged 20 years or 
older. A proper lifestyle, which includes proper dietary 
habits, is the basis for healthy status in childhood and 
tends to persist throughout life (28, 29). Further stud-
ies involving minors are required in the future. Another 
limitation is that estimated dietary salt and potassium 
intakes were obtained from a casual urine specimen. 
However, estimated sodium and potassium excretions 
from a casual urine specimen were validated with that 
of 24-h urinary excretion with significant correlations 
(r = 0.54, p <0.01, and r = 0.56, p <0.01, respectively.) 
(15) and its use has been reported in a number of epi-
demiological studies (30, 31). 

Conclusion

In conclusion, we clarified that 28 out of the 36 
dietary behaviors on the questionnaire gained from an 
empirical perspective of registered dietitians related to 
dietary behavior were associated with dietary salt and 
potassium intake in cooperation with Niigata city in 
Japan. Additionally, these items were composed of 4 
categories: items related with both high salt and low 
potassium intakes, only high salt intake, only low po-
tassium intake, and both high potassium and high salt 
intake. On the other hand, some items were incon-
sistent with registered dietitians’ initial expectations 
regarding the relationship with salt and/or potassium 
intake. These findings would contribute to developing 
evidence based on the value of reducing salt intake and 
increasing potassium intake for Japanese people. Based 

on our current findings, education in regions and/or 
individuals according to specific dietary habits and de-
velopment of an effective program related to high salt 
intake and low potassium intake are needed for suc-
cessful prevention of hypertension including dietary 
salt reduction and increasing potassium intake.
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A 4-week consumption of light or dark roast unfiltered 
(Turkish) coffee affects cardiovascular risk parameters of 
homocysteine and cholesterol concentrations in healthy 
subjects: a randomized crossover clinical trial
Fatma Hulyam Eren, Halit Tanju Besler
Department of Nutrition and Dietetics, Faculty of Health Sciences, Eastern Mediterranean University, Famagusta, North 
Cyprus - E-mail: fatma.eren@gmail.com

Summary. Background/aim: The aim of this study is to investigate the impact of boiled, unfiltered (Turkish) 
coffee consumption on the plasma cardiovascular risk parameters of healthy subjects. The study also explores 
whether two unfiltered coffee beverages that differ in content due to varying degrees of roasting will affect 
cardiovascular biomarkers differently. Methods: In this crossover intervention study, healthy, nonsmoking, ha-
bitual Turkish coffee drinkers (n=28) were randomized to consume at least 3 cups of Light (LR) or  Dark 
(DR) roast Turkish coffee brews per day for 4 weeks after a washout period (WO) of 2 weeks. Subsequent 
to each coffee abstinence period, both groups received the alternative intervention. After the first WO and 
the coffee intervention periods, anthropometric measures, blood pressure, heart rate and 10 biochemical pa-
rameters were collected and dietary records were completed. Results:  The consumption of 3 ≥ cups Turkish 
coffee/day for 4 weeks, compared with the results after 2 weeks of coffee abstinence, led to a significant 
increase in homocysteine levels of habitual Turkish coffee drinkers in both coffee interventions (p<0.01). 
Anthropometric measurements, fasting blood glucose, blood pressure and heart rate did not change during 
the coffee consumption phase in either of the Turkish coffee groups. Both roasts increased concentrations of 
serum lipids compared to WO. However, only DR Turkish coffee intake significantly increased total choles-
terol levels (p<0.05). Conclusion: Moderate amounts of LR or DR Turkish coffee consumption for 4 weeks, 
although differing in content, largely show similar biological effects as demonstrated by the tested cardiovas-
cular biomarkers.
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O r i g i n a l  a r t i c l e

Introduction

Coffee is widely consumed everywhere in the 
world and is prepared using several different methods 
(1). Turkish-style coffee, which is consumed in Greece, 
Cyprus, the former Yugoslavia, Turkey and the Mid-
dle East including Israel, is boiled coffee with a unique 
brewing procedure (2,3). Epidemiological studies sug-
gest that consumption of boiled, unfiltered coffee is re-
lated to elevated risk of cardiovascular disease (CVD) 

(4). However, considerable controversy exists regarding 
the link between coffee consumption and CVD risk (5).

It has been shown that different coffee prepara-
tion and brewing methods influence the concentration 
of compounds present in the final coffee brew (6). Dif-
ferent from the coffee usually consumed in the western 
world, Turkish coffee is not drip filtered, but rather its 
preparation involves slowly boiling water that is mixed 
with finely ground Arabica coffee beans (7). This 
method causes a greater amount of biologically active 
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components (caffeine and diterpenes) to remain in the 
liquid (7,8).  

Recent studies have shown that the diterpene 
content of a standard cup of coffee is highest in unfil-
tered preparation methods such as Scandinavian-style 
boiled coffee, French press (cafetiere) and Turkish cof-
fee (with up to 88.7 mg/L in some Turkish brews) (1). 
The diterpenes (cafestol and kahweol) are compounds 
found in the lipid fraction of the coffee, and are as-
sociated with an increase in blood cholesterol (8). It 
was stated that the consumption of 10 mg cafestol per 
day- the amount present in three cups of unfiltered 
Turkish coffee- for 4 weeks increases serum cholesterol 
level by 5.0 mg/dL, whereas the consumption of 10 
mg kahweol only rises it by 0.9 mg/dL (3,9).  Never-
theless, favorable health effects have also been ascribed 
to diterpenes and data present in literature shows an-
tioxidant activity, hepatoprotective, anticarcinogenic, 
anti-iflammatory and anti-angiogenic functions (10).  
Diterpene concentration in roasted coffee beans can 
be affected by various factors such as species, the cul-
tivar, year harvested and degree of roasting (8).  There 
are several other ingredients within coffee, which con-
tribute to the biological activity (4). In addition to 
preparation method, roasting process greatly affects 
the chemical composition of the coffee (11,12). Coffee 
types which contain different major constituents have 
distinct cardiovascular health effects (13,14).  Further-
more, coffee dose is defined as a potential modifier on 
CVD outcomes and in the meantime, current literature 
supports an association with 3-5 cups/day (5,15,16). 

To the best of our knowledge, there are limited 
number of clinical trials investigating the relation be-
tween boiled coffee intake and cardiovascular health 
outcomes. Moreover, the effect of Turkish coffee has 
not yet been studied experimentally (3). This is the first 
study to investigate the impact of boiled, unfiltered 
(Turkish) coffee consumption on the plasma cardio-
vascular risk parameters of healthy subjects. The study 
also explores whether two boiled (Turkish) coffee bev-
erages with different degrees of roasting produce dis-
tinctive cardiovascular biomarkers. Since Cyprus has 
a high number of regular boiled coffee drinkers, mean 
annual coffee consumption per capita is 6.1 kg which 
is higher than in the European community and United 
States (14).  It would be interesting to see whether the 

effects on cardiovascular disease risk parameters would 
also be detectable in long-term habitual drinkers.

Materials and Methods  

Study Subjects 
Thirty healthy habitual Turkish coffee drinkers; 

Eastern Mediterranean University (EMU) staff, stu-
dents or relatives who saw study information about the 
study published in the campus area or on the internet, 
were recruited to the study.

Eligibility criteria were: Regular Turkish coffee 
consumption of  ≥ 1 cups/day, age 20-35 years, healthy, 
body mass index ((BMI) 18.5-24.9 kg/m2 ), non-
smoker or former smoker (more than a year), willing-
ness to abstain from coffee drinking and to consume ≥ 
3 cups/day of Turkish coffee for 8 weeks. 

Exclusion criteria were: Acute or chronic diseases, 
severe illness with in-patient treatment during the last 
3 months, use of regular medication or any supple-
ments, weight reduction >2 kg/week during the last 
month, pregnancy, breastfeeding, regular strong physi-
cal activity with ≥1h/day. We also excluded high intake 
of alcohol (defined as a weekly intake of >7 units for 
women and >14units for men), excess dietary con-
sumption of total fat (>35% of daily calories), satu-
rated fatty acid (>10% of daily calories) or cholesterol 
(>300mg/day).

Study Design
Ethical approval was obtained from the Faculty of 

Health Sciences of Eastern Mediterranean University 
(Famagusta, North Cyprus) and the study was regis-
tered as a clinical trial (NCT03495336). All subjects 
were informed about the aims of the study, agreed to 
participate and signed a consent form.

A survey was carried out to gather information re-
garding physical activity, medical condition and medica-
tion. Additionally to evaluate the inclusion to the study, 
a food frequency questionnaire (FFQ) and anthropo-
metric measures (weight, height, body fat percent, fat 
free mass (FFM), waist circumference) were collected at 
the baseline interview. Our crossover clinical trial lasted 
12 weeks (with two wash out and two coffee interven-
tion periods (As shown in Figure)). After 2 weeks (wk) 
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washout period (coffee abstention phase), participants 
were assigned to one of the two coffee interventions 
(LR or DR) for 4-wk. At the end of this coffee phase 
subjects participated in an additional 2-wk wash out pe-
riod and then for the next 4-wk period, they switched to 
the opposite/other coffee roast. 

Participants were asked to maintain a stable exer-
cise routine, sleep pattern and dietary habits through-
out the study and were asked to avoid vitamin sup-
plements, foods/beverages rich in caffeine (including 
coffee, cola beverages, cocoa, chocolate, energy drinks, 
and tea) and to keep 3-day food diaries (1 weekend 
day and 2 weekdays) prior to each measurement. Daily 
nutrient intake was calculated by using computer soft-
ware (Ebispro, Stuttgart, Germany; Turkish version: 
BeBiS, Vers. 6.1). In order to assess physical activity 
levels, the validated Turkish version of the Interna-
tional Physical Activity Questionnaire (IPAQ)-short 
was administered (17).

Coffee Samples 
Two commercially available Turkish Cypriot coffee 

blends differing in roasting were used in the study. Both 
coffee roasts were a blend of 100% Arabica (Coffea 
Arabica) and cultivated in the same geographic region 
(Brazil). They were vacuum-packed and provided by a 
different manufacturer. Roasting classification degree 
was measured according to “Roast Color Classification 
System” (Agtron/SCAA, Reno, NV,1995). The roast-
ing processing time and temperatures were reported as 
20 mins-200°C and 40 mins-210 °C for LR and DR 
respectively. Coffee was distributed to participants in 
packages at the beginning of the each intervention. 
Subjects were instructed on how to prepare the beverage 
(5 g of Turkish coffee, 55 ml cold water) in a house hold 
Turkish coffee maker or cezve and were given stand-
ard cups and spoons. Participants were asked to drink 
at least 3 cups of the suggested Turkish coffee roast per 
day without a fixed schedule and to refrain from other 
types of coffee beverages throughout the study period. 
To control sugar intake only the customary (pre-study 
habitual) amount of Turkish coffee with sugar were al-
lowed and the participants were asked to consume the 
rest of the coffee as plain (without sugar).
Coffee was brewed as instructed to the participants 
and analyzed for the caffeine and diterpenes content. 

Caffeine was determined by high-performance liquid 
chromatography (HPLC, Aligent Technologies, USA) 
with diode-array detector (DAD) and mass spectrom-
eter. Cafestol and kahweol were analyzed in the unsa-
ponified matter by HPLC-DAD.

Blood Sample Analysis
Subjects were advised to avoid the use of alcohol 

72 hours before the blood sample collection. After 
an overnight fasting (min. 8 – max. 12 hours), blood 
samples were obtained at the end of the initial wash 
out period and after each 4-wk coffee intervention 
period, and sera were stored at −30° C, until analyti-
cal measurements were performed. The levels of serum 
glucose, triglycerides (TG), total cholesterol (TC), and 
high-density lipoprotein (HDL-C) cholesterol were 
determined using a Dimension Xpand Plus integrated 
clinical chemistry autoanalyzer (Siemens Healthcare 
Diagnostics, Deerfield, IL, USA). The serum levels 
of low-density lipoprotein (LDL-C) cholesterol were 
calculated using Friedewald’s equation. EDTA-treated 
blood samples for total homocysteine analysis were im-
mediately refrigerated (placed on ice) until the plasma 
was separated by centrifugation. All the samples were 
assayed for homocysteine by using High Performance 
Liquid Chromatography with fluorescent detection 
technique (HPLC-FLD). Serum Malondialdehyde 
(MDA) levels were determined with a colorimetric as-
say kit (Cayman Chemical, Ann Arbor, MI) according 
to the procedures provided by the manufacturer.

Assessment of other Measurements
Weight, height, abdominal circumference, body 

fat and blood pressure were measured after the wash-
out period and after each intervention. Weight (in 
kilograms) was measured in light clothing, without 
shoes, to the nearest 0.1 kg; height was measured us-
ing a stadiometer to the nearest centimeter; and BMI 
was calculated (weight/height squared; in kilograms 
per square meter). The percentage of body fat and 
FFM was measured by Tanita Segmental Body Com-
position Analyzer BC-418 MA (Tanita Corp. Tokyo, 
Japan) and waist circumferences (midway between 
the rib cage and the iliac crest) were measured using 
a flexible tape. Blood pressure (BP) and heart rate was 
monitored using an automatic arm sphygmomanom-
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eter (Pic Indolor Diagnostic, BS 150, Artsana, Italy) 
after a 5-min rest in a sitting position.

Statistical analysis
The results are expressed as means. Caffeine and 

diterpenes content of the two coffee beverages were re-
ported as mean±standard deviation (SD) and Kruskal–
Wallis test was used for statistical comparison of coffee 
roasts. Differences in human variables were analyzed by 
repeated-measures analysis of variance (ANOVA) for 
comparisons of LR coffee intake with DR and of each 
roast with the washout. All analyses were performed us-
ing SPSS 24.0 (IBM-SPSS Inc., Chicago, IL, USA). A 
two-tailed P < 0.05 was considered significant.

Results 

Subject characteristics
Out of thirty healthy volunteers who were recruit-

ed for the study, one woman and a man dropped out 
during washout period because of a severe illness (this 
had been predefined as exclusion criteria). Thus, twenty-
eight healthy nonsmoker habitual Turkish coffee drink-
ers (27. 50±5.30 y, range 20-35 y) were evaluated in the 
study. Half of the participants were female and all the 
subjects were sedentary (physical activity less than 1h/
day, PAL: 1.52±0.12). According to the questionnaire 
results, the daily habitual Turkish coffee consumption of 
the subjects was 2.44±1.19 cups per day (min. – max. = 
1- 5 cups/day). Participants’ baseline characteristics are 
summarized in Table 1. During the first 4-wk interven-
tion period half of the participants (n=14, 50% women) 
ingested LR coffee and other half (50% women) con-
sumed DR coffee and in the next 4-wk period, they 
switched to the opposite coffee roast (Fig.1).

Coffee analysis
Coffee gave 1.71±0.07 mg of caffeine per mL in 

LR (94.05 mg per cup/55 mL) and 1.97±0.03 mg per 
mL in DR (108.35 mg per cup/55 mL). The mean 
concentrations of cafestol and kahweol were 1.79± 
0.09 mg and 1.67±0.073 mg per cup/55 mL in LR and 
6.83±0.27 and 6.17±0.12 mg per cup/55 mL in DR, 
respectively (p=0.001). DR provided more cafestol 
and kahweol than LR (p<0.05). Table 2 shows mean 

Table 1. Baseline characteristics of the participants (N=28) 1

Gender (male/female, n) 14/14, 28

Age (year) 27.50±5.30

Body mass index (kg/m²) 23.32±3.44

Fat mass (male/female, %) 20.74±5.36 
(20,16 ± 4,53/21,32 ± 6,19)

Waist circumference  
(male/female, cm)

83,02±13,13 
(92,00 ±10,8/73,35 ±7,20)

Habitual Turkish coffee consumption 
before the trial (cups/day) 

2,44±1,19

Instant coffee(cups/day) (n=15) 1,67±0,82

Filter coffee(cups/day)(n=2) 1,00±0,00

Other coffee types 0

Carbohydrate (energy%) 47.11±6.82

Protein (energy%) 17.96±3.78

Total fat (energy%) 34.11±6.80

Cholesterol (mg/d) 372.99 ±244.61

Saturated fat (g/d) 33,93 ±18,44

Fiber (g/d) 20.81±8.20

Physical activity level (PAL) 1.52±0.12
1 Data expressed as mean ± standard deviation, numbers or %

Figure 1. Study design. 
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± SD concentrations of selected constituents in the 
market blend Light roast (LR) and Dark roast (DR) 
coffee. Subjects consumed two different coffee blends 
with almost similar caffeine but substantially different 
diterpen (cafestol and kahweol) contents. The mean 
number of cups of coffee per day did not significantly 
differ between both groups.

Cardiovascular risk biomarkers 

Cardiovascular effects of Turkish coffee consumption on 
food intake, anthropometric measures, physical activity, 
blood pressure and blood glucose

Self-reported diets (a 3-d food diary) showed that 
none of the participants consumed a significant amount 
of caffeine foods other than coffee during the study and 

the nutritional intake was similar before (during wash-
out) and after each intervention period for all partici-
pants (P > 0.05). None of the dietary intake parameters 
showed statistical differences (Table 3) and volunteers 
did not report any changes in their physical activity 
throughout the study (data not shown).

Compared to no-coffee periods, subjects drank 3 
≥ cups/d (165 mL/d or more) of Turkish coffee in each 
4-wk coffee periods. No adverse or side effects were 
seen in any of the coffee intervention groups.

There were no significant differences found be-
tween the coffee abstention period and the two cof-
fee groups for primary anthropometric measures (body 
weight, body fat mass, FFM, BMI and waist circum-
ference) (Table 4).  However, notably, the body fat per-
cent of subjects was nonsignificantly reduced following 
consumption of each coffee roast for 4-wk, by 1% (from 
21.73±5.37 to20.63±5.38 in the LR and 20.66±5.47 in 
the DR p=0.057 each, Table 4). No significant change 
was observed for diastolic or systolic blood pressure, 
heart rate and fasting blood glucose (p>0.05). 

Plasma Total Homocysteine (tHcy) Levels
The consumption of Turkish coffee (3 ≥ cups/d) 

for a 4-week period compared with the results after a 
2-wk coffee abstinence, led to a significant increase in 
homocysteine (µmol/L) levels. The mean concentra-
tion of plasma homocysteine was 9.66±2.24 µmol/L at 
the end of the no-coffee period,  12.03±3.08 µmol/L at 

Table 2. Mean ± SD concentrations of selected constituents in 
the commonly consumed Turkish Cypriot market blend Light 
roast (LR) and Dark roast (DR) Turkish Coffees.2

Compound LR DR
Caffeine (mg/mL) 1.71± 0.07 1.97±0.03

Cafestol (mg/55mL) 1.79±0.09a 6.83±0.27b

Kahweol (mg/55mL) 1.67±0.07a 6.17±0.12b

2 Concentrations of components have been described as mean from 
duplicate measurements from five independent samples. Kruskal–
Wallis test was used to analyze whether the repeated measurements 
within groups demonstrate any difference from the median. Differ-
ent letters on the same line indicate significant difference (p<0.05).

Table 3. Average daily nutrient intake of volunteers on the basis of 3-day food records during the study.3

Energy and Nutrient Intake WO LR DR

Energy (Kcal) 2103. 47±771.12 2102.36±763.50 2083.62±760.28

Proteins (g) 93.52 ±43.26 89.95 ±41.58 91.25 ±43.79

Lipids (g) 115.15±52.06 116.24±50.12 114.58±51.64

Saturated fatty acid (FA) (g) 32.98±17.25 33.83±18.45 33.60±17.46

Monounsaturated FA (g) 39.62± 18.72 36. 21± 18.51 36. 17± 18.70

Polyunsaturated FA (g) 22.52±11.79 22.80±11.64 23.12±11.69

Omega-3 (g) 2.26±1.40 2.35±2.42 2.41±1.85

Omega-6 (g) 20.26±10.87 20.45±12.08 20.69±9.68

Cholesterol (mg) 357.99±254.61 364.69±248.29 364.79±251.17

Carbohydrates (g) 173.26±59.39 174.10±54.91 171.85±57.13

Dietary fibre (g) 20.98±8.40 21.14±8.63 21.35±7.96
3Data are expressed as mean ± SD (N=28). Group comparisons were analyzed by repeated-measure ANOVA, followed by the Friedman test. 
No significant differences were detected between groups (p>0.05). 
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the end of the LR and 11.82±3.22 µmol/L at the end 
of the DR coffee periods. We thus observed an increase 
(p<0.01) in homocysteine concentrations after LR and 
DR intake with 24.5% (or 2.4 µmol/L) and 22.4% (or 
2.2 µmol/L), respectively caused by unfiltered Turkish 
coffee.  The significant effect of Turkish coffee on the 
homocysteine (µmol/L) and cysteine (µmol/L) con-
centration was seen during both coffee roast interven-
tions. However, no differences between coffee effects 
on homocysteine and cysteine could be determined by 
group comparison. In addition, no noticeable changes 
were seen for the cysteine/homocysteine ratio.

Blood Lipid Concentrations
Although we observed a small rise in all serum lipid 

parameters after the consumption of either LR or DR 
coffee compared to abstention, there was no significant 
impact (p>0.05) on HDL-C, LDL-C, VLDL-C and 
TG plasma concentrations. Table 4 shows an increase 
in TC levels after each coffee roast intake compared to 
WO (from 182.93±33.87 mg/dL to 190.63±29.02 mg/

dl in the LR-group and 192±31.94 mg/dl in the DR 
group). However, only DR intervention enhanced TC 
concentrations significantly (5.5%, p<0.05). Relative 
to baseline values, DR Turkish coffee raised mean TC 
concentrations by 10.0 mg/dL (0.56 mmol/L). No dif-
ference in TC levels between the coffee roasting inter-
vention periods observed.  In addition, no difference in 
other serum lipid parameters was monitored between 
coffee roasts.

Discussion

Previous randomized control trials reported that 
a high intake of unfiltered and filtered coffee (1 L/d) 
elevate plasma homocysteine concentrations (18,19). 
In our crossover study, although the coffee intake was 
lower (three-five cups) both coffee groups exhibited a 
greater increase of mean plasma total homocysteine 
(tHcy) levels compared to preceding control trials. In 
contrast, in a small clinical trial, Esposito et al. (20) 

Table 4. Concentration of serum lipids, plasma total homocysteine and other cardiovascular risk parameters in coffee-free period and 
changes after 4 weeks of LR or DR coffee ingestion.4

Biomarkers WO LR DR

Homocysteine (µmol/L) 9.66±2.24 12.03±3.08** 11.82±3.22**

Cysteine (µmol/L) 251±26.23 282.98±35.91** 289.69±41.33**

Cysteine/Homocysteine 27.05±5.42 24.99±6.8 25.67±5.18

Fasting blood glucose (mg/dL) 89.93±14,5 90.67±17.43 90.04±18.92

Total cholesterol  (mg/dL) 182.93±33.87 190.63±29.02 192±31.94*

HDL cholesterol (mg/dL) 54.37±12.24 57.52±14.09 57.04±12.26

LDL cholesterol (mg/dL) 112.81±32.43 116.85±28.85 117.11±29.48

VLDL cholesterol (mg/dL) 3.94±1.8 4.31±1.35 4.55±1.61

Triglycerides (mg/dL) 78.74±35.99 86.15±27.04 91±32.15

Body weight (kg) 67.85±16.86 67.51±17.18 67.6±17.35

Body mass index (kg/m²) 23.25±3.57 23.16±3.61 23.18±3.65

Fat mass (%) 21.73±5.37 20.63±5.38 20.66±5.47

Systolic blood pressure (mmHg) 117.5±13.3 115.79±13.7 114.29±12.84

Diastolic blood pressure (mmHg) 76.54±9.19 75.61±7.8 76.04±8.83

Heart rate (beats/min) 78.75±11.15 80.96±13.73 81.5±11.89

Malondialdehyde (MDA) (µM) 28.16±35.9 27.92±25.34 18.02±12.74
4 ANOVA, analysis of variance; 
Data expressed as means ± SD (N=28).
   **Significantly different from (coffee-free period) washout (ANOVA of repeated measures): P<0.01
   *Significantly different from washout (ANOVA of repeated measures): P<0.05
   §Significantly different from LR Turkish coffee (ANOVA of repeated measures): P<0.05
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were unable to detect any significant rise in homocyst-
eine levels, from drinking five cups of Italian style cof-
fee per day for one week. Moreover, Mursu et al. (21) 
emphasized that consumption of coffee in a short-term 
did not increase tHcy levels. Possibly, in our study the 
intervention time of 4 weeks was long enough and/or 
the amount of coffee consumed was sufficient to pro-
mote changes within that parameter. Taken together, 
no difference between the effectiveness of both cof-
fees on tHcy parameters was observed.  Therefore, our 
results provide unequivocal evidence that Turkish cof-
fee in moderate amounts would increase total plasma 
homocysteine concentrations, regardless of its roast-
ing degree. In our study, the analysis of Turkish coffee 
blends showed different amounts of diterpenes (both 
cafestol and kahweol), but the concentrations of caf-
feine in both roasts were almost equal and the increase 
on tHcy levels were similar. This result might reflect 
the assumption that caffeine is one of the coffee con-
stituents which increases plasma tHcy levels. In addi-
tion, Verhoef et al. (22) claimed that caffeine has been 
suggested to be partly responsible as the component in 
coffee, and coffee but not caffeine itself, as the factor 
that influences the rise in homocysteine levels in the 
blood after consumption. Thus in the present study, 
the changes can be related to the increased amount of 
coffee and caffeine intake during interventions which 
may have led to a significant increase in homocyst-
eine levels.  Moreover with our results, question still 
remains as to whether healthy subjects with increased 
homocysteine levels affects the cardiovascular system 
in the same way as it would in prediagnosed patients 
(23). It can be concluded that drinking large quantities 
of Turkish coffee could raise homocysteine in plasma. 
However, whether this raises the risk of cardiovascular 
disease is not yet certain (19). As previously reported 
by other authors, an important finding of this study 
was that there was a notable positive dose-response re-
lation between Turkish coffee consumption and plasma 
tHcy, which was stronger than the relation between 
coffee and total serum cholesterol increase (23,24). 

The results consistently show that unfiltered cof-
fee has a negative effect on plasma serum lipid levels 
(25-27). In accordance with this, one of the key find-
ings of the present study is that both Turkish coffee 
roasts increased serum lipid levels whereas only DR 

Turkish coffee intake significantly increased TC levels. 
This is believed to be due to the diterpenes (26,27) be-
cause the DR coffee contains higher amounts of cafes-
tol and kahweol (ca. three times more of both) and is 
found more effective in significantly increasing serum 
TC than the LR coffee.  It cannot be ruled out that the 
observed significant TC increase in our study was due 
to caffeine as seen in other studies (5,28) because both 
of the coffee roasts had similar amounts but exhibit 
different effects. In other words, we here demonstrated 
for the first time that roasting might affect the total 
diterpene profile of Turkish coffee (both cafestol and 
kahweol) profile and in turn, the TC levels of subjects. 
In several studies, specifically cafestol has been stated 
to be the most potent cholesterol raising compound 
of a coffee brew (5,26,27). The reason for the increase 
of plasma concentration due to the effect of cafestol is 
not entirely known (5). However, recently a mecha-
nism that could explain this effect was proposed. It was 
stated that cafestol elevates serum cholesterol levels by 
activating farsenoid X and pregnane X receptors in 
the intestine causing the body to send a signal to the 
liver to stop the breakdown of cholesterol. As a result 
cholesterol accumulates in the serum and leads to an 
increase in concentrations (26).  

An interesting finding that should be mentioned 
is that we did not observe a significant increase in se-
rum LDL-C and TG levels, a cafestol consumption-
related effect which was also seen in several studies 
(26,28, 29,30). Our potential explanation for this is 
the quantity of Turkish coffee intake and the relatively 
taken diterpen concentrations whereas the aforemen-
tioned increase in most of the literature data was ob-
served with a marginal amount of unfiltered coffee 
(3,25,28,30). This would be in agreement with the 
results of a recent study where the daily volumes of 
(62.3±40.60 ml; 0.7±0.50 cup) Turkish coffee con-
sumption caused no significant alteration in the serum 
lipid levels among the study population (13).  

In addition to the relationship between the 
amounts of coffee consumed, the method of coffee 
preparation is also an important determinant of serum 
lipid levels (28,30).  According to previous studies, 
shorter contact with hot water and retention of dit-
erpenes by filter paper are the reasons for poor or no 
influence of filtered coffee on serum levels when com-
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pared to boiled coffee (29,31,32). However, in a recent 
randomized clinical trial Corrêa et al. (5) found that 
drinking 3–4 cups of light- or medium-roasted paper-
filtered coffee per day for 4 weeks, compared to our 
study, exhibited a stronger increase in TC and LDL-C 
levels in both groups even though the cafestol content 
is almost similar and has a lower-level of kahweol per 
cup. It was reported that the difference in results might 
be related to the higher caffeine intake (28,33) since it 
was almost twice as much compared to ours (28, 33).  
Therefore, in addition to the primary effect of diter-
penes on TC levels, caffeine might have an impact in 
a dose dependent manner. Further studies should be 
conducted in order to investigate and observe the re-
quired doses.

Most of the interventions failed to demonstrate 
a significant decrease in lipid damage marker MDA 
with the exception of results found by Sirota et al. 
(34) who stated that consumption of 200 mL Turkish 
roasted coffee during a meal based on red-meat cut-
lets resulted in a significant inhibition of postprandial 
plasma MDA. In addition, Yukawa et al. (35) found a 
modest reduction of LDL oxidation susceptibility and 
a significant decrease in serum cholesterol, LDL cho-
lesterol and MDA levels after consumption of 150 mL 
(8g Arabica) coffee 3 times per day for a week (36). No 
effect between treatments and control/placebo were 
found by other authors (21,37,38,39) which was con-
sistent with our results. However, Leelarungrayub et 
al. (31) reports a significant higher level of MDA in 
men consuming 3 cups of caffeinated coffee (150 ml 
coffee, 8 g Arabica/cup) for a week, when compared to 
decaffeinated coffee or control, followed by a submaxi-
mal exercise test. This study is particularly relevant as 
similar results were found in previous tests where in-
creased intramuscular fat oxidation was observed after 
caffeine-rich foods were consumed (31). However, it is 
not yet clear why there are certain discrepancies with 
a few of the previous reports. It may be due to the dif-
ferences between study designs since especially, other 
study trials have observed a relatively large amounts of 
coffee consumption in contrast to this study. 

None of the anthropometric measures were 
changed in either of the roasting groups after the con-
sumption of coffee for 4-weeks. A similar finding has 
been reported in a recent study in overweight adults 

(40). An important finding of our study is that even 
though the body weight remained unchanged, we ob-
served a slight loss in body fat percentage. In a crosso-
ver study consumption of coffee for 4 weeks resulted 
in a significant reduction in body fat levels of healthy 
subjects irrespective of roasting degree. In addition, it 
was demonstrated that coffee constituents other than 
those associated with roasting involved a significant, 
but weaker reduction in body fat content (41). Ba-
kuradze et al. stated that the significant change in body 
fat and unvaried change in weight may be explained by 
the particularly counterbalancing effect of some gain 
in FFM (42). However, this result is not in accordance 
with our finding where there was no change observed 
in FFM after coffee intake. 

The relation between regular coffee consumption 
and blood pressure (BP) was demonstrated with a J–
shaped curve (43). Simply, it was stated that a moder-
ate consumption of coffee may have a protective effect 
on BP, whereas high intake could increase the risk of 
hypertension (33,43). In normotensive habitual Turk-
ish coffee drinkers in our study, we did not observe 
an increase in BP in 4 weeks. A Similar finding in a 
recent randomized control trial (33) explained that in 
habitual coffee drinkers a partial tolerance to caffeine 
might be developed as a result of the duration of con-
sumption.

There are several strengths and limitations to be 
noted. Firstly, it can be stated that in our study, a pla-
cebo/control group was lacking. Secondly despite the 
subjects’ coffee refinement between the interventions, 
the absence of the measurements for the second wash-
out period is a potential limitation. Additionally our 
study has comprised a small sample size, which includ-
ed a continued participation period of 12 weeks and a 
fixed dose of coffee intake. However, strength of this 
study lies in the amount of coffee used and the method 
of preparation which are similar to those used by the 
study population in real life. Therefore, to recommend 
consuming coffee in line with the amounts and prepa-
ration method used in this study is a suitable way to 
observe the desirable effects of Turkish coffee in real- 
life circumstances. Moreover, the crossover design of 
our study and the distribution of subjects eliminated 
gender differences as a cofounding factor. In addition, 
another limitation of this study is the possibility of a 
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discrepancy between the number of coffee pads given 
to participants and the mean number of cups of cof-
fee they reported to have consumed during coffee in-
tervention. For future studies in order to handle this 
problem at baseline and during coffee intervention we 
should recommend analyzing serum diterpene (cafes-
tol and kahweol) and caffeine concentrations as objec-
tive measures for coffee consumption. Finally, another 
limitation of this study was that other metabolites as 
well as other components responsible for coffee’s total 
effect on findings were not measured. This is the first 
clinical trial to show an increase in homocysteine and 
blood lipids of healthy habitual Turkish coffee drink-
ers after coffee consumption and to compare the ef-
fects of two different coffee roasts on CV disease risk 
parameters.

Moderate amount of Turkish coffee consump-
tion has significant undesirable effects on total plasma 
homocysteine biomarkers, regardless of its roasting 
degree.  This can be attributed to the changes related 
to the increased amount of coffee and caffeine intake 
during interventions. Although significant increase 
in cholesterol levels were only seen in the DR cof-
fee intervention group, most likely because of higher 
cholesterol-raising diterpenes content, a rise in all li-
pid parameters was observed in both groups. To sum 
up, the results of this intervention study indicate that 
3-5 cups/d of LR or DR Turkish coffee consumption 
for 4 wks., although differing in contents, largely ex-
ert similar biological effects as demonstrated by the 
cardiovascular biomarkers tested. More interventional 
studies and the evaluation of other coffee components 
are needed to clarify the effects of coffee on CV risk 
factors.
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Summary. Objective: Irisin, a myokine mostly expressed by muscle, is proposed to increase energy expen-
diture and reduce obesity and metabolic disorders. So, we evaluated the association between serum irisin 
levels and various anthropometric, biochemical, and atherogenic indices. Methods: This cross-sectional study 
was conducted on 90 apparently healthy males and females, aged 20-55 years, selected with simple random 
sampling. Anthropometric and atherogenic indices, dietary intake, physical activity levels, serum irisin levels, 
lipid profile, and fasting blood sugar (FBS) of the subjects were measured. Results: Median Irisin level was 
1200 (500-8600) pg/ml which was higher in women than men (1250.00 (800-8600) VS. 1050 (500-7700)). 
In multivariate linear regression analysis, after controlling for potential confounders (age, total energy intake 
and physical activity), irisin levels were significantly associated with BMI (r=-0.214; P=0.003), waist cir-
cumference (WC) (r=-0.002; P=0.004), hip circumference (HC) (r=-0.245; P=0.004), waist-to-height ratio 
(WHtR) (r=-0.223; P=0.005), Body Roundness Index (BRI) (r=-0.214; P=0.008), Abdominal Volume Index 
(AVI) (r=-0.189; P=0.009), and Body Adiposity Index (BAI) (r=-0.207; P=0.046). In male subjects, it was 
significantly associated with BMI (r=-0.182, P=0.049), HC (r=-0.295; P=0.005), waist-to-hip ratio (WHR) 
(r=0.279; P=0.038) and BAI (r=-0.418; P=0.001), while in females with BMI (r=-0.268; P=0.005), WC (r=-
0.236; P=0.030), WHtR (r=-0.223; P=0.047), and AVI (r=-0.226; P=0.047). No significant association was 
observed between irisin and biochemical and atherogenic indices. Conclusions: In the present study, irisin level 
was significantly associated with BMI, WC, HC, WHtR, BRI, and BAI. However, further studies are needed 
to clarify the role of irisin in obesity and its comorbidities.
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O r i g i n a l  a r t i c l e

Introduction

The muscular tissue has recently emerged as an 
endocrine organ by releasing a variety of cytokines 
(termed as myokines) into the circulation. Myokines 
regulate physiological and metabolic pathways in-
cluding energy metabolism and the underlying 
mechanisms of obesity, metabolic syndrome, and car-
diovascular disease (CVD)(1, 2). A novel myokine, 

irisin, is the extracellular cleaved product of fi-
bronectin type III domain containing 5 (FNDC5) 
gene prior to be released into the circulation and is 
regulated by the peroxisome proliferator-activated 
receptor-γ (PPAR-γ) coactivator-1-alpha (PGC-
1-α). Irisin is mainly secreted during or after exercise 
and it is possibly responsible for the thermogenesis 
and many health benefits of physical-activity (3, 4). 
Moreover, irisin is able to stimulate brown-fat-like 
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development in white fat by increasing uncoupling 
protein 1 (UCP1) levels, and hence increase total 
energy expenditure (5, 6). Regarding to its modula-
tory effect in energy metabolism and thermogenesis, 
several studies have indicated a possible relationship 
between circulating irisin levels and diseases such as 
obesity, CVD, type 2 Diabetes (T2D), chronic kid-
ney disease, nonalcoholic fatty liver disease, and can-
cer. Therefore, it has been suggested as a therapeutic 
agent against metabolic disorders (7-11). In rodents, 
irisin significantly increases total energy expenditure 
and reduces obesity and insulin resistance (12).

Human studies on the association between cir-
culating irisin levels and anthropometric parameters 
are conflicting; some authors reported a negative cor-
relation between circulating irisin levels and Body 
Mass Index (BMI) (13, 14), whereas others reported 
a positive correlation (15-17). Although limited hu-
man studies have examined the relationship between 
irisin and some abdominal obesity indices such as 
Waist Circumference (WC) and Waist-to-Hip Ratio 
(WHR) (18, 19), its association with other novel and 
more feasible indices such as Conicity Index (CI), A 
Body Shape Index (ABSI), and Abdominal Volume 
Index (AVI) has not yet been investigated. These in-
dices evaluate body fat distribution effectively which 
is important in obesity-related co-morbidities. Body 
Roundness Index (BRI) is a new index to predict per-
centage of body fat and visceral adipose tissue  (20, 
21). Recent studies demonstrated a predictive ability 
of the BRI for predicting CVD and diabetes (22). 
Furthermore, Body Adiposity Index (BAI) has been 
proposed for estimating the percentage of body fat 
(23). Regarding the importance of abdominal obesity 
indices and body fat percentage indices in predicting 
obesity-related co-morbidities, exploring the asso-
ciation between different myokines and these indices 
seems valuable.

Studies on the association between circulating 
irisin levels and biochemical indices are conflicting, 
as well. Choi et al. (13) found that circulating irisin 
levels negatively correlated with oral glucose toler-
ance test (OGTT), glycated hemoglobin (HbA1C), 
and triglyceride (TG). However, Liu et al. (24) found 
that circulating irisin was positively correlated with 
total cholesterol (TC), TG, Low-density lipoprotein 

cholesterol (LDL-C) and fasting blood sugar (FBS). 
Although several studies have been carried out to de-
termine the association between serum irisin levels and 
biochemical indices, no study have examined the rela-
tionship between irisin and atherogenic indices. Ath-
erogenic indices such as atherogenic index of plasma 
(AIP), atherogenic coefficient (AC), castelli risk index 
I and II (CRI) and non-HDL Cholesterol (NHC) are 
derived from lipid profile and are better predictors of 
coronary heart diseases rather than the traditional lipid 
profile (25-27).

Controversial results were reported regarding the 
association of irisin and anthropometric and biochem-
ical indices in previous studies. Moreover, the associa-
tion of irisin with novel anthropometric and athero-
genic indices has not yet been evaluated. Therefore, the 
aim of current study was to explore the association of 
serum irisin levels with abdominal and atherogenic in-
dices along with body composition, lipid profile, total 
energy intake, and physical activity levels in healthy 
subjects.

Materials and Methods

Subjects
The present cross sectional study was conducted 

on 90 apparently healthy volunteers of both sexes (% 
50 male), aging between 20 and 55 years. Participants 
were selected by simple random sampling from an 
outpatient clinic belonging to Tabriz University of 
Medical Sciences between October 2016 and February 
2017. Subjects were excluded if they were pregnant, 
lactating, menopause or cigarette smokers.

The study protocol was approved by the Ethics 
committee of Tabriz University of Medical Sciences, 
Tabriz, Iran (ethical code: TBZMED.REC.1395.685). 
All subjects were made aware of the content of the 
study and a written informed consent document was 
obtained.

Anthropometric measurements 
Weight was measured to the nearest 0.1 kg us-

ing Seca scale in light outdoor closing without shoes. 
Height was measured to the nearest 0.5 cm using a 
portable stadiometer in subjects standing in standard 
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position. BMI was calculated by dividing weight in 
kilograms by the square of the height in meters. WC 
was measured at the midpoint between the lowest rib 
and the iliac crest with a flexible anthropometric tape 
on the midaxillary line (28). HC was measured over 
thin clothing at the level of the maximum circumfer-
ence of the buttocks posteriorly in a horizontal plane, 
without compressing the skin. Waist-to-Hip Ra-
tio was calculated as WC (cm) divided by HC (cm), 
WHtR was calculated as WC (cm) divided by height 
(cm) and WHHR was calculated as WHR divided by 
height (cm) (21, 29, 30).

All anthropometric indices were calculated ac-
cording to the following formula (30-37):

ABSI = 

AVI = [2 (WC) 2 (cm) + 0.7 (WC - HC) 2 (cm)]/1000

CI = 

BAI =  

BRI = 

Dietary assessment and Physical activity
Participants’ dietary intake was assessed using a 

validated interviewer-administered semi-quantitative 
79 item food frequency questionnaire (FFQ) (38), 
which included all of the major food groups. To assess 
physical activity (PA), validated International Physical 
Activity Questionnaire – short form (IPAQ-SF) (39) 
was used, in which individuals reported the number of 
days and the duration of the vigorous, moderate, and 
walking activities during one week. According to IP-
AQ’s scoring protocol, each individual was categorized 
to one of “inactive”, “minimally active”, and “Health 
Enhancing Physical Activity (HEPA)” categories.

Assessment of biomarkers 
Blood samples were taken in the morning (8:00 

– 9:00 AM) after 12 h of fasting. Serum lipid profiles, 
including TG, TC and high-density lipoprotein cho-
lesterol (HDL-C) were also measured using enzymatic 
methods. Low-density lipoprotein cholesterol was cal-
culated using the Friedewald’s formula (40). Fasting 
blood sugar was measured by the hexokinase method. 

Circulating irisin levels were quantified in serum sam-
ples using commercial ELISA kits (ZellBio GmbH, 
Germany) (Cat. No: ZB-13253S-H9648) (13).

 Lipid indices were calculated according to the 
following formulas (25-27):

AIP = log (TG / HDL) 
CRI-I = TC / HDL 
CRI-II = LDL / HDL 
AC = (TC – HDL) / HDL 
NHC = TC – HDL 

Statistical analyses
Statistical analysis was performed using Statisti-

cal Package for the Social Sciences (SPSS) software 
version 21 (SPSS Inc., Chicago, IL). Kolmogorov–
Smirnov test was used to check the normality of distri-
butions of continuous variables. Data were presented 
as mean ± standard deviation (SD) and median (maxi-
mum – minimum). The differences in mean between 
two groups were compared with independent samples 
t-tests or Mann–Whitney test. Chi-square test was 
used for between group comparisons, in case of cat-
egorical variables. Multiple linear regression analysis 
was used to identify variables independently associated 
with irisin levels. P < 0.05 was considered as statisti-
cally significant. 

Results

The mean age of all participants was 35.59 ± 9.73 
years and the mean BMI (Kg/m2) was 27.83 ± 5.18 Kg/
m2 (Table 1). There was no significant difference be-
tween the BMI levels of male (27.52 ± 4.82 Kg/m2) and 
female subjects (28.14 ± 5.56 Kg/m2) in this study. Male 
subjects had significantly higher levels of weight (Kg) 
than female subjects (P < 0.05). The daily energy intake 
of men (2984.13 ± 623.22 Kcal) was significantly higher 
than women (2591.61 ± 729.20 Kcal) (P < 0.05) (Table 
1). Based on three categories of IPAQ-SF, 68.2, 22.7 
and 9.1 percent of men and 54.5, 40.9 and 4.5 percent 
of women were categorized as inactive, minimally active 
and health enhancing physical activity.

Laboratory characteristics of all participants are 
detailed in Table 2. There was no significant difference 
in biochemical characteristics including TC, LDL-C 
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and NHC between male and female participants (P 
> 0.05). However, the FBS, TG, AIP, AC, CRI-I and 
CRI-II were significantly higher in men than women 
(P < 0.05). There were no significant differences in the 

levels of irisin between the men and women (P > 0.05). 
The range of minimum and maximum values of irisin 
were 500 – 8600 pg/ml in total, 500 - 7700 pg/ml in 
men and 800 -8600 pg/ml in women.

Table 1. Baseline anthropometric characteristics, dietary intake and physical activity of total, male and female subjects

P-valueFemale (n=45)Male (n=45)Total (n=90）Variables

0.06933.70 ± 9.7337.47 ± 9.4735.59± 9.73Age (years) †

0.00674.08 ± 15.9783.20 ± 14.6778.64 ± 15.92Weight (kg) †

0.57528.14 ± 5.5627.52 ± 4.8227.83 ± 5.18BMI (Kg/m2) †

0.01186.36 ± 14.6793.88 ± 12.2190.12 ± 13.94WC (cm) †

0.108106.97 ± 12.45103.20 ± 9.09105.09 ± 11.00HC (cm) †

<0.0010.80 ± 0.070.90 ± 0.060.85 ± 0.08WHR † (cm/cm)

0.6790.53 ± 0.090.54 ± 0.070.53 ± 0.08WHtR † (cm/cm)

0.0100.49 ± 0.050.52 ± 0.040.50 ± 0.04WHHR † (cm/cm/cm)

0.0011.17 ± 0.101.24 ± 0.081.21 ± 0.10CI † (m2/3/kg1/2)

<0.0010.07 ± 0.000.07 ± 0.000.07 ± 0.00ABSI †(m11/6 kg -2/3)

0.01415.33 ± 5.0017.92 ± 4.6916.63 ± 4.99AVI †  (cm2)

0.7964.15 ± 1.794.24 ± 1.494.19 ± 1.64BRI †

<0.00133.90 ± 6.1827.08 ± 4.7230.49 ± 6.45BAI † (cm/m1.5–18)

0.0082591.61 ± 729.202984.13 ± 623.222787.87 ± 702.67Total energy intake (kcal/d)†

0.341693 (0.00-3732)480 (0.00-23916)594 (0.00-23916)Physical activity (Met-minutes/week) ‡

bbreviations: BMI: Body mass index; WC: waist circumference; HC: Hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; WHHR: 
waist-to-hip-to-height ratio; CI: Conicity Index; ABSI: A Body Shape Index; AVI: Abdominal Volume Index; BRI: Body Roundness Index; BAI: Body 
Adiposity Index. † The P value was obtained by independent samples t-test for normal distributed variables and represented as mean ± SD. ‡ The P value was 
obtained by Mann-Whitney test for non-normally distributed variables and represented as median (interquartile range). Bold values mean that the value is 
statistically significant, P < 0.05.

Table 2. Laboratory characteristics of total, male and female subjects

P valueFemale (n=45)Male (n=45)Total (n=90)Variables

0.00187.21 ± 6.8592.75 ± 8.5089.98 ± 8.16FBS (mg/dl) †

<0.001114.50 (50-300)174.50 (43-481)133.50 (43-481)TG (mg/dl) ‡

0.571179.26 ± 42.37183.97 ± 35.07181.62 ± 38.74TC (mg/dl) †

0.00248.62 ± 8.0543.20 ± 7.8245.91 ± 8.34HDL-C (mg/dl) †

0.33490.56 ± 20.9895.70 ± 28.1693.13 ± 24.82LDL-C (mg/dl) †

0.0861250.00 (800-8600)1050 (500-7700)1200 (500-8600)Irisin (pg/ml) ‡

<0.0010.35 (- 0.1-0.83)0.62 (- 0.2-1.16)0.46 (- 0.2-1.16)AIP‡

0.0232.81 ± 1.223.36 ± 1.003.09 ± 1.15AC †

0.0233.81 ± 1.224.36 ± 1.004.09 ± 1.15CRI-I †

0.0081.90 ± 0.522.25 ± 0.662.07 ± 0.62CRI-II †

0.238130.64 ± 44.52140.77 ± 34.93135.70 ± 40.11NHC †

Abbreviations: FBS: fasting blood sugar; TG: triglyceride; TC: total cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: 
Low-Density Lipoprotein Cholesterol; AIP: Atherogenic Index of Plasma;   AC: Atherogenic Coefficient;   CRI-I: Castelli’s Risk Index- I;   
CRI-II: Castelli’s Risk Index- II;   NHC:  Non HDL Cholesterol. † The P value was obtained by independent samples t-test for normal dis-
tributed variables and represented as mean ± SD. ‡ The P value was obtained by Mann-Whitney test for non-normally distributed variables 
and represented as median (interquartile range).
Bold values mean that the value is statistically significant, P < 0.05
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To adjust the potential confounders involved in 
the association of irisin with anthropometric indices, 
we performed multiple linear regression analysis. As 
shown in Table 3, irisin was negatively and significantly 
associated with BMI (β= - 0.214, P= 0.003), WC (β= 
- 0.200, P= 0.004), HC (β= - 0.245, P= 0.004), WHtR 
(β= - 0.223, P= 0.005), AVI (β= - 0.189, P= 0.009), 
BRI (β= - 0.214, P= 0.008), and BAI (β= - 0.207, P= 
0.046) after adjusting for age, total energy intake and 
physical activity. In addition, irisin had a significant as-
sociation with BMI (β= - 0.182, P= 0.049), HC (β= 
- 0.295, P= 0.049), WHR (β= 0.279, P= 0.038), and 
BAI (β= - 0.418, P= 0.001) in men and BMI (β= - 
0.268, P= 0.005), WC (β= - 0.236, P= 0.030), WHtR 
(β= - 0.223, P= 0.047) and, AVI (β= - 0.226, P= 0.047) 
in women. According to table 4, irisin was positively 
associated with FBS and negatively associated with 
TC, HDL, LDL and TG which was not statistically 
significant. As presented in table 5, irisin was positive-
ly associated with AC and CRI-I and negatively as-
sociated with AIP, CRI-II and NHC; however, these 
differences were not statistically significant.

Discussion

In this study, no significant difference was found 
between male and female subjects in circulating irisin 
levels , which was similar to Karan et al. study (41). 
On the other hand, some studies reported contradic-
tory results. Al-Daghri and colleagues (42) observed 
higher irisin levels in girls compared with boys. While 
in another study, irisin levels were higher in men than 
women (43). This contradiction can be explained by 
the differences in characteristics of participants. 

We also found a significant and negative associa-
tion between serum irisin levels and BMI in total, male 
and female subjects. Existing evidence about associa-
tion of irisin with BMI is controversial. Some studies 
reported a negative correlation between irisin and BMI 
(13, 14, 44, 45). Choi YK et al. (13) found that circulat-
ing irisin levels reduced in recently diagnosed T2D. In 
addition, in the study performed by Moreno-Navarrete 
et al. (14), serum irisin level was lower in obese patients 
compared with normal weight subjects. Reverse corre-
lation between circulating irisin levels and BMI might T
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be due to a decreased expression of FNDC5 gene in 
adipose tissue, obesity-associated lower amounts of 
brown or beige adipocytes or impaired conversion of 
FNDC5 to irisin in obese patients. On the other hand, 
some studies reported a null or positive correlation. In 
a research performed in a relatively small sample size, 
Jameel et al. (18) reported that irisin was not associated 
with BMI. Whilst, Stengel et al. (16) reported that sub-
jects with high degree of obesity (BMI > 35) had higher 
levels of serum irisin than those with normal weight. 
Also, Liu JJ et al. observed that in the healthy subjects, 
serum irisin levels had a positive correlation with BMI 
and metabolic factors. In another study performed by 
Park et al. (46), BMI was positively correlated with iri-
sin. The controversial results in different studies along 
with different BMI levels, could be possibly due to 
methodological differences and variation in sensitivity 
and specificity of different kits used in different studies 
or other intervening variables such as age, gender, race 
and physical activity.

There is limited evidence about the association of 
irisin with abdominal obesity indices. In the present 
study, irisin was significantly associated with WC, HC, 
WHtR, and AVI in all study subjects. Also, it was as-
sociated with HC and WHR in male subjects and with 
WC, WHtR and AVI in female subjects, which indi-
cates that irisin was significantly related to central obe-
sity. Jameel et al. (18) reported that irisin was not associ-
ated with WHR.  In a cross-sectional study conducted 
by Liu et al. (22) on more than 1000 Chinese adults with 
metabolic syndrome, irisin was associated with WC (an 
indicator of abdominal obesity). In addition, Moreno-
Navarrete et al. (14) demonstrated that circulating irisin 
levels was negatively correlated with WHR. In contrast, 
Park et al. (47) showed that irisin levels were positively 
correlated with WC. In the current project, for the first 
time, we investigated the association of irisin with body 
fat percent indices including BRI and BAI. The results 
of our study showed a negative association in the total, 
male and female groups. In agreement with our results, 
Moreno-Navarrete et al. (14) reported that irisin was 
negatively correlated with percent fat mass. However, in 
the study performed by Jameel and co-workers (18), se-
rum irisin levels inversely associated with percent body 
fat among men, but not women. In contrast, another 
study found that circulating irisin was positively corre-

lated with body fat mass (47). Contradictory results may 
be due to the different experimental and physiological 
conditions, and the different health status of the par-
ticipants. 

In this study, no significant association was ob-
served between circulating irisin levels and biochemical 
indices including FBS, TC, HDL, LDL and TG levels. 
Evidence indicating the association between irisin and 
biochemical indices are limited. Our results were similar 
to the Jameel et al. (18) findings who observed no sig-
nificant relationship between serum irisin and glucose, 
TG, TC, HDL, and LDL levels. However, there are a 
number of studies which have reported significant rela-
tionships. Liu et al. (24) observed a positive correlation 
between serum irisin levels and TC, TG, LDL-C, and 
FBG. In contrary, Choi and colleagues (13) reported 
a negative correlation between irisin level and OGTT, 
HbA1c, and TG. The controversy over the associations 
between circulating irisin and glycaemic and lipid pro-
file among different studies might be explained due to 
the variation in experimental design, differences in the 
biochemical analytical assays, different BMI levels, con-
founding variables such as age, race, sex, physical activity 
and the variation in health status of study participants.

In multivariate linear regression analysis, after con-
trolling for potential confounders such as age, total ener-
gy intake, and physical activity, no significant associations 
between serum irisin levels and atherogenic indices were 
found.This result suggest that age, total energy intake, 
and physical activity are the main confounders.

In elderly subjects, the percentage of muscle tissue 
decreases, and subsequently the amount of irisin se-
cretion decreases. Tanisawa et al. reported that serum 
irisin levels were significantly lower in elderly subjects 
than in young subjects (48). Scharf et al. reported that 
the endocrine release of myokines from skeletal muscle 
might be impaired in sarcopenia, and irisin is on the 
list of potential candidates in this regard (49).

This study had some strengths but also some limi-
tations. The strengths included the homogeneity of the 
population in living conditions and health status, as-
sessment of food intake and physical activity by vali-
dated questionnaires, consideration of the confound-
ing factors such as smoking, age, total energy intake, 
and physical activity. This is also the first report that 
revealing the association between serum irisin levels 
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and new anthropometric and atherogenic indices. The 
limitations of this investigation were the low number 
of sample size and the cross-sectional design of the 
study that couldn’t show the causality and provide in-
formation on a prospective manner. 

In conclusion, our results indicated negative as-
sociations between serum irisin levels and various 
anthropometric measurements including BMI, WC, 
HC, WHtR, BRI, AVI and BAI in total healthy par-
ticipants, without any associations with biochemical 
and atherogenic indices. The present research could 
raise credible hypotheses to be extended by future 
studies with prospective design, larger sample size and 
different BMI categories to clarify the role of irisin in 
obesity and its comorbidities.
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Effects of nutritional intervention and dietary modification 
on the health status of pediatric acute lymphoblastic 
leukemia patients
Fazia Ghaffar1, Noureen Mehmood1, Imran Khan2, Zia Ud Din1, Zafar Iqbal3,  
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Summary. In order to ascertain the effectiveness of nutrient rich diet and dietary counseling on the health 
status of pediatric acute lymphoblastic leukemia patients, this experimental study was conducted at the In-
stitute of Radiology and Nuclear Medicine, Peshawar. A sample of 30 leukemia patients were divided into 
experimental and control groups based on written consents. Data regarding demographic characteristics, an-
thropometric measurements, and retrospective food intakes were recorded on self-constructed questionnaire. 
Patients in the experimental group received dietary guidelines for nutrient rich diet. Anthropometry, dietary 
evaluation, and blood nutrients namely serum ferritin, albumin, globulin, total protein and creatinine at 30, 60 
and 90 days intervals were assessed. The data showed low height for age and low weight or height at diagnosis 
indicating malnourishment and wasting among all the patients. After nutritional intervention mean weights 
of patients in the experimental group increased significantly over period of three months. Progressive weight 
loss was observed in patients of control group. Blood nutrients at diagnosis showed low Hb (9.19±3.11 and 
9.31±1.07 g/dL) and serum ferritin (530±4.28 and 525±3.22 ng/mL) and increased total protein (7.28±3.07 
and 7.67±2.76) in both groups. These indices improved in the experimental group over a period of 90 days. 
Nutrient intake in the experimental group patients improved significantly for all the nutrients. 
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O r i g i n a l  a r t i c l e

Introduction 

Leukemia though a rare disease accounts for 1 out 
of 3 cancers in children and teenagers. Genetic factors 
may increase the risk of childhood leukemia although 
most are not linked to any genetic cause. Inherited 
syndromes such as Down’s syndrome, Li-Fraumeni 
syndrome, neurofibromatosis, Faconi anemia, and in-
herited immune system problems such as Ataxia tel-
angiectasia, Luiskott-Aldrich syndrome, Bloom syn-
drome, and Schwachman-diamond syndrome have 
shown to increase the risk of leukemia. Life style and 
environmental related risk factors such as smoking, 

over-weight, alcohol and sun exposure, radiation ex-
posure, chemo drugs an certain chemicals play a role 
but they unlikely cause most childhood cancers (1).

The exact incidence of childhood cancers is not 
well documented in Pakistan. The Karachi cancer reg-
istry estimated 600 children being diagnosed every 
year (2). The Shaukat Khanum memorial hospital 
cancer registry reported 11.44% malignant cases being 
diagnosed in children (3). Among these; acute leuke-
mias were the most common being reported by many 
studies (4).

Children suffering from leukemia are at increased 
risk of nutrition related morbidity during and after 
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treatment. The overall survival in children and adoles-
cents suffering from leukemia has increased from 10%-
90% owing to the improved palliative care facilities (5). 
However, treatment related toxic effects still pose ma-
jor problems. Children and adolescents suffering from 
leukemia experience a vast array of nutrition related 
disorders (6).

Some retrospective studies have shown that 35-
68% children and adolescents develop hypertriglyceri-
demia, 68% had bone mass and about 30% survivors 
consumed bone-metabolizing nutrients (7-9). Studies 
have suggested that dietary modification help prevent 
the development of therapy related toxicity (10, 11). 
Leukemia has also been described as a “preobese state” 
as evident from a number of patients who developed 
obesity during and after treatment (12). Similarly, sev-
eral studies have suggested remediation of both under 
or over weight during treatment to help lower the ad-
verse association with survival (13, 14).

Despite gross prevalence of leukemia among chil-
dren there is severe paucity of knowledge and data 
regarding the effect of nutritional interventions on 
the health status of these patients and remained a ne-
glected area. The current study aimed at analyzing the 
impacts of nutrient dense diets on the health status 
of children undergoing leukemia and disease related 
treatments. 

Materials and Methods 

Experimental Design
This experimental study was carried out at Insti-

tute of Radiology and Nuclear Medicinal IRNUM 
from October 2014 to July 2015. Based on written 
consents 30 (17 males, 13 females) leukemia patients 
aging 5-15 years were divided into experimental and 
control groups. The experimental group followed die-
tary recommendations and counseling. The care givers 
were counseled for dietary modifications during and 
after therapy. While the control group received their 
usual diets, medical treatments, and supplements over 
a period of three months. The entire group underwent 
a preliminary interview and was clinically examined for 
protein energy malnutrition, micronutrient deficien-
cies, such as anemia and presence of infections. De-

mographic information for different parameters was 
recorded and patients’ anthropometric measurements 
for height, weight, mid upper arm circumference and 
skin fold thickness were assessed. Hemoglobin, serum 
albumin, serum globulin, serum creatinine, serum fer-
ritin and total protein of each patient were recorded 
thrice at 30, 60, and 90 days intervals. 

Diet Therapy 
Food intake record of the patients was taken on 

65 items Food Variety Scale (FVS) and weekly meal 
plans along with recipes and portion serving were pro-
vided to the care givers. For facilitation they were pro-
vided with paper cups, plates and spoon for portion 
size estimation. The diets were nutritionally evaluated 
by Food Composition Tables of Pakistan (15). Based 
on individual patients’ health condition, their food 
intake records, and therapies given following caloric 
distribution, proteins, Vitamin C, and Vitamin A were 
focused on.

1. Energy:* (Based of Resting Energy Expendi-
ture)

Male BMR = 66.47 + (13.75 x weight in kg) + 
(5.003 x height in cm) - (6.755 x age in years)

Female BMR = 655.1 + (9.563 x weight in kg) + 
(1.850 x height in cm) - (4.676 x age in years) 

(*Harris and Benedict equation for age and gen-
der)

As per weight status of the patients a 1200-1800 
Kcal/day diet was suggested with 20-30% from pro-
tein, 19% fats and 50% from carbohydrates. 

2. Protein:  0.9 - 1.5 g/Kg body weight/day.
3. Vitamin C: 45 - 75 mg/day
4. Vitamin A: 4500 IU or 900 mcg (microgram) 

of retinol activity equivalent (RAE)
Foods rich in vitamin D, sulfur amino acids, caro-

tene, selenium, and omega -3 fatty acids were focused 
upon during dietary modifications and recommenda-
tions. Diets were modified to liquid soft, low residue, 
post chemotherapy or post radiation diets. Care givers 
of the patients were counseled for the importance of 
hygiene, balanced diet, taking regular meals.

Statistical analysis 
All the data was subjected to statistical tests such 

as mean, standard deviation, ANOVA, and co-efficient 
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of correlation. Two-way ANOVA was calculated to 
analyze the significance of dietary modifications from 
initial value till the end and from control group. 

Results 

Demographic characteristics of the sample 
Demographic and family characteristics of the 

combined sample are given in Table 1. The sample 
comprised of 17 male and 13 female acute lympho-
blastic leukemia patients. The disease was highly 
prevalent in the age range of 1-5 years. Educational 
background of both parents was quite low mostly be-
ing illiterate. The occupational background showed 
joblessness among fathers was common while 100% 
of mother were housewives. Greater percentage of fa-
thers was engaged in private jobs or small- scale busi-
nesses with low monthly income and subsequent low 
spending on food. Mean family size showed five to six 
children in a nuclear setup being most common. The 
striking finding of the current study was that leukemia 
was most common among the last- born children. 

Anthropometric characteristics of the sample 
Results of the anthropometric data of both con-

trol and experimental groups (Table 2) showed mean 
age of 8 years. Heights of both groups were low when 
compared with WHO standards for this age indicat-
ing stunting from early years. Weights of both groups 
were also low at the start of the trials and increased 
significantly in the children of experimental group. 
Improvement in MUAC and skin fold thickness was 
also observed in children of this group. Children in the 
control group lost weight significantly over period of 
three months.

Biochemical blood indices 
Results of the blood nutrients over a period of 

3 months are presented in Table 3. Among the pa-
tients of experimental group hemoglobin, serum fer-
ritin and serum total proteins improved. The effects 
of nutritional intervention (as a result of nutritional 
counseling of the care givers) were modest on serum 
albumin, globulin and creatinine. Among the patients 
of control group a progressive increase in serum ferri-

tin and total protein were observed. Hemoglobin also 
declined progressively indicating the catabolic effects 
of chemo drugs, radiation, and poor dietary intake due 
to therapy related toxic effects.

Nutrient Intake 
Nutrient intake data of both the groups (Table 4) 

showed that energy, protein, iron, vitamin A and vi-
tamin C intakes were quite below the recommended 
allowances for this age. Significant improvement oc-
curred in the intake of all the nutrients in the patients 
of experimental group after 60 and 90 days. Intake 
of nutrients, particularly that of vitamin C and A re-
mained subnormal in the patient of control group. The 

Table 1. Demographic characteristics of the sample

Variables No (% age)

i) Gender  
 Males  17 (55%)
 Females  13 (45%)

ii) Age at diagnosis  
 0-5 years  18 (60)
 6-10 years    6 (20)
 11-15 years    6 (20)

iii) Father’s education  
 Illiterate  11 (35)
 Elementary  10 (33)
 Matric    4 (13)
 Graduation    3 (10)
 Postgraduates  2 (7)

iv) Father’s occupation  
 Unemployment    8 (26)
 Government job   6 (20)

Private job/small-scale  business  16 (53)

v) Mother’s education  
 Illiterate  18 (60)
 Elementary  12 (40)

vi) Family size  
 3-4   7 (23)
 5-6 10 (33)
 7-8   7 (23)
 9-10   6 (20)

vii) Position in family  
 First born    2 (61)
 Middle    3 (10)
 Second last    7 (23)
 Last born  18 (60)
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Table 2. Anthropometric indices of the sample 

Variables  At diagnosis  30 days  60 days  90 days 
 Experimental Control  Experimental Control  Experimental Control  Experimental  Control 

Age (years) 8.2+13.55 8.3+4.30      

Height (cm) 124.7+21.58 124.3+26.1 126.0+21.6 124.9+25.9 125.7+11.9 124.9+25.8 126.1+21.6 125.0+11.2

Weight (cm)  24.7+11.67 23.4+13.32 a26.3+11.4 23.2+12.44 ab 26.7+12.44 22.3+15.7 abc 27.1+4.4 21.5+12.7

MUAC (cm)  17.5+3.9 16.3+2.77 17.8+3.63 16.9+3.22 ab 18.8+6.01 16.0+3.81 abc19.0+3.81 15.6+4.58

Skinfold 6.7+4.17 5.5+2.15 6.87+4.00 6.0+2.2 8.87+2.67 5.96+2.10 abc8.97+2.67 5.6+2.73
thickness (cm)
a significantly different (P≤0.05) from control group
ab significantly different (P≤0.05)  from control groupand at diagnosis
abc significantly different (P≤0.05) from control group, at diagnosis and 30days intervals

Table 3. Biochemical blood indices for blood iron and protein 

Variables  At diagnosis  30 days  60 days  90 days 
 Experimental Control  Experimental Control  Experimental Control  Experimental  Control 

Hb (g/dL) 9.19±23.11 9.31±10.07 10.65±1.12 10.4±0.53 ab11.8±2.64 9.96±7.82 abc11.06±9.92 8.68±6.45

Serum 3.03±7.26 3.07±11.87 3.3±9.40 3.85±11.87 3.52±9.85 3.69±9.79 3.39±7.96 3.69±9.79
albumin g/dL

Serum globulin 4.01±7.62 3.13±4.47 3.13±2.78 4.47±2.95 3.54±4.13 4.36±8.20 3.38±12.7 4.68± 12.34
(g/dL)

Serum creatinine 0.54±2.51 0.51±1.85 0.57±12.0 0.52±1.69 0.5±8.25 0.5±0.29 0.57±3.98 0.51±2.22
(mg/dL)

Serum ferritin  530±4.28 525±3.22 574±3.96 619±  30.0 a427±4.28 ab674.5± 11.38 *438±13.98 abc761.3±13.9
(ng/ml) 

Total protein 7.28±3.07 7.67±2.76 7.77±2.28 6.98±17.6 7.43±3.20 7.06±13.5 abc8.03±1.36 6.82±1.68
(g/dL)
a significantly different (P≤0.05) from control group
ab significantly different (P≤0.05)  from control groupand at diagnosis
abc significantly different  (P≤0.05) from control group, at diagnosis and 30days intervals

Table 4. nutrient intake patterns of the sample 

Variables  Pre-Test 30 days  60 days  90 days 
 Experimental Control  Experimental Control  Experimental Control  Experimental  Control 

Hb (g/dL) 9.19±23.11 9.31±10.07 10.65±1.12 10.4±0.53 ab11.8±2.64 9.96±7.82 abc11.06±9.92 8.68±6.45

Energy (KaCal) 703.9±11.3 700.85±6.28 801.7±11.09 811.2±4.75 991.2±11.69 790±14.6 abc1105±4.76 851±21.5

Protein (g) 20.29±2.29 20.57±7.16 21.71±5.94 20.48±4.94 37.1±5.46 23.7±7.55 abc 39.3±10.45 23.0±16.6

Iron (mg) 5.8±3.69 5.76±4.20 7.6±11.4 5.92±2.81 ab8.2±1.25 5.5±8.15 abc 9.8±11.5 5.8±9.1

Vitamin A (I.U) 784.3±17.9 791.2±9.91 a1580.2±3.83 902.1±28.5 ab1889.6±22.6 622.6±8.89 abc 2967±9.35 1012±5.74

Vitamin C (mg) 10.4±40.7 11.70±6.10 a48.7±10.4 40.7±32.2 ab134.8±10.59 34.8±23.4 abc 139.9±5.29 20.08±8.20
a significantly different (P≤0.05) from control group
ab significantly different (P≤0.05)  from control group and at diagnosis
abc significantly different  (P≤0.05) from control group, at diagnosis and 30days intervals
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major complaints given by this group were anorexia, 
nausea, oral hemorrhages, pain and oral lesions which 
restricted their intakes. The patients in the experi-
mental group were motivated to eat and were recom-
mended pureed fruits, and vegetable juices, which led 
to better intakes and improved health status. 

Discussion 

The global incidence of cancer has reached to 14.1 
million new cases in 2012 and is estimate to rise to 
21.4 million by the year 2030 (16). Results of the cur-
rent study showed that acute lymphoblastic leukemia 
was most prevalent in male children. Majority of the 
patients belonged to low income and less educated 
families. These findings were in strong agreement with 
findings of other studies from Iran which reported high 
prevalence and fatality rate among males and impact of 
job related genetic and environmental factors contrib-
uting to the scenario (17). The low anthropometric in-
dices among patients of both groups were indicative of 
childhood chronic malnutrition. Similarly, as reported 
weight loss occurs in majority of cancer patients as a 
result of infections and insufficient dietary intake dur-
ing chemotherapy (18-21). Nutritional and dietary 
interventions brought about significant improvement 
in the health status of the patients in the experimental 
group. These findings were in strong agreement with 
other studies which suggested that nutritional inter-
ventions among all types of cancer patients prevent 
weight loss and improve the nutritional status of pa-
tients (18-22). The progressive improvement in the 
biochemical blood nutrient indices are suggestive of 
the facts that diet enriched with protein, iron and anti-
oxidants help alleviating the toxic effects of drugs and 
therapy and might be of benefit in improving the sur-
vival rate and resistance to drugs among these children. 
Several studies have shown similar findings supporting 
the findings of the current study (23-25). 

All children suffering from pediatric acute lymph-
oblastic leukemia in the current study showed chronic 
malnutrition and poor diets. Nutrient intakes reported 
by the participants were quite below the RDA’s along 
that fluctuations were observed in the nutrient intake 
of control group. These results were in line with the 

findings of a cohort study which showed that mal-
nourishment was present in children at diagnosis and 
that dietary intake of leukemia patients fell below the 
recommended values (26). However, the findings of 
the current study were in strong agreement with the 
reported results of other studies (24, 25). Although the 
weights of all children did not improve significantly in 
the current study which can be attributed to the facts 
that these children were already emaciated, however, 
the significant improvement in the blood nutrients was 
the remarkable achievement of the current study.

Conclusion 

This study was successful in improving the health 
status of pediatric acute lymphoblastic leukemia pa-
tients at high risk of nutrition related morbidity. These 
results may help identify at risk patterns of nutrient 
and dietary intakes and can be used in future for de-
signing intervention strategies in hospitals and clinics 
for children with cancers.
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Summary. Three wild edible mushrooms species were collected from the Tokat district to determine fatty acid 
profiles and some microelement contents. According to analyze results, the highest amount of Fe was found 
in Coprinus atramentarius, Cu was in Suillus luteus. The dominant fatty acid at all mushroom species was Oleic 
acid and the next three acids were Linoleic, Palmitic and Stearic acid ranging from 7.73-33.17%, 21.24-
28.60% and 10.49-28.55% respectively. In addition to these acids, seven different kinds of fatty acids have 
been investigated too in this research. The results of the study showed that Coprinus atramentarius, Laetiporus 
sulphureus and Suillus luteus species have a rich measure of fatty acids and microelements. 
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O r i g i n a l  a r t i c l e

Introduction 

Wild mushrooms distribute worldwide and they 
play important role in the ecosystem due to they are 
able to biodegrade the substrate and recycle valuable 
minerals and nutrient to nature back. They include a 
high quantity of protein, carbohydrates, and vitamin, 
besides minerals, fiber, and valuable fatty acids. Dried 
mushrooms contain 22% protein, 5% fat mostly in the 
form of the Linoleic acid, 63% carbohydrates, 10% 
minerals and provide several vitamins including thia-
min, riboflavin, niacin, and biotin (1-2). 

Wild edible mushrooms are become more im-
portant to human daily life due to their nutritional, 
pharmacological and economic potentials. Turkey has 
a rich diversity of edible mushroom species because 
of different geomorphology, weather conditions, and 
environmental features. Wild edible mushroom have 
been used as a natural food source since ancient times 
and are generally used in pharmacology and cosmet-
ics, especially used as a source of income. Local people 
are collecting them to achieve economic income and 
so that Turkey is becoming a major exporter of edible 
mushrooms. 

In addition to, wild edible mushrooms includes 
important fatty acids contents which are mostly not 
synthesized in the human body. Linoleic fatty acid 
is reported as omega 6 (W-6), Linolenic fatty acid 
as omega 3 (W-3). Omega 6 has important roles in 
blood circulation and omega 3 is considered the most 
valuable fatty acid and can be taken from only plants 
and animal nutrients. Fatty acids compositions have 
important effects on blood lipid profiles. Saturated 
fatty acids increase high-density lipoprotein (HDL) 
cholesterol and reduce low-density lipoprotein (LDL) 
cholesterol, triacylglycerol, and lipid oxidation (3). 

Minerals from bioelements found in the living 
structure are composed of macro elements (Na, K, Ca, 
P and Mg) at the milligram level per kilogram (mg/
kg), trace elements (Fe, Cu, Zn, Co, Mn and F) at the 
microgram per kilogram (μg/kg) level, (Ni, Al, Ag, As, 
Li, Pb and Au), and minerals also participate in the co-
factor portion of enzymes that play a role in the regen-
eration of living organisms. Iron; is an essential min-
eral needed by all tissues and the lack of body structure 
is the cause of anemia. Copper; it catches free oxygen 
radicals and participates in the structure of many en-
zymes. Zinc; plays an important role in the function of 
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the male reproductive system in the production of pan-
creatic functions, insulin production, and cofactor for 
more than a hundred enzymes. Manganese; protein, 
polysaccharide and cholesterol, in fetal development 
and lactation, hydrolases, transferases and kinases (4).

Recommended Daily Allowance (RDA) provides 
information on the daily recommended mineral intake 
for a healthy lifestyle. RDA value for iron; 8 mg/day 
for men and 8-18 mg/day for women, for copper 900 
micrograms/day, for manganese 2.3 mg/day for men 
and 1.8 mg/day for women, for zinc 11mg/day for men 
and 8mg/day for women. 

This study aims to define some mineral and fatty 
acid positions in some edible fungus samples which 
were collected from Tokat (Coprinus atramentarius, 
Laetiporus sulphures, Suillus luteus) and it is desired to 
contribute to the knowledge of these mushroom which 
is not sufficient literature. According to the results; 
these mushroom specimens are rich in minerals and 
fatty acids and are therefore thought to can be used as 
human nutritional supplements.

Materials and Methods

The mushrooms were collected from different 
places in Tokat province and photographs were taken 
on, habitat characteristics were recorded and dried 
in the laboratory environment. Then the mushrooms 
were identified. After the dried mushrooms were 
milled with the homogenizer, the following treatments 
were carried out.

Microwave digestion: Cem brand and Mars 6 one 
touch ( USA) model mikrowave digestion system was 
used. The process steps are as follows; 0.5 gr sample is 
weighed and transferred to teflon tubes of the device. 
Close the mouth tightly by adding 10 mL HNO3. The 
maximum temperature is raised to 210°C in 15 min-
utes and it is kept at this temperature in 15 minutes, 
the total time is 30 minutes. At this time, the device 
works with 400-1800 W. Teflon tubing is pulled out 
under the oven and taken up with 10 mL ultra pure 
water in mouth-capped flasks, filtered if any particu-
lates are present.

AAS analysis: Perkin Elmer brand and AAS 800 
Model (USA) Atomic Absorption Spectrometry was 

used. In AAS analysis samples are read with each ele-
ment specific lamp, wavelength and standard graphics. 
Each sample is read 3 times and the average is taken.

Wavelength and slit used in AAS are as follows;

Element Wavelength (nm) Slit  (nm)

Fe 248.3 0.2

Cu 324.8 0.7

Zn 213.9 0.7

Mn 279.5 0.2

Fame (fatty acid methyl ester) Analysis: Fatty acids 
need to be derivatized in order to be analyzed in GC-
MS. Derivatization with methyl esters is generally 
preferred. For this purpose Christie (1990) (5) method 
was preferred because it is practical and highly efficient. 
According to this method: the lipid extract was trans-
ferred to the lid-capped tubes to prepare methyl esters. 
5 mL of 2% methanolic sulfuric acid was added and 
vortexed. This mixture was kept at 500C for 15 hours of 
methylation. After 15 hours, the tubes were removed, 
cooled to room temperature, and vortexed with the 
addition of 5 mL of 5% NaCl. The fatty acid methyl 
esters (FAME) formed in the tubes was extracted with 
5 mL of hexane. The hexane phase was removed from 
the top with a pasteur pipette and treated with 5 mL of 
2% NaHCO3 and waited for 1-2 hours to separate the 
phases. The solvent of the mixture containing the me-
thyl esters was then evaporated under nitrogen. Fatty 
acids under the test tubes were dissolved in 1 mL of 
hexane and analyzed by GC-MS.

The chromatographic conditions of the GC-MS: Agi-
lent brand GC-MS instrument (USA) 7890A / 5970C 
and SGE Analytical BPX90 100m x 0.25 mm x 0.25 
um column (Australia) were used. The temperature 
program was gradually heated from 120°C to 250°C 
and the total time was set to 40 minutes. The tempera-
ture program: It is heated up to 120°C and 250°C at 
5°C / min and is hold at this temperature for 14 min-
utes and the total time is 40 minutes.

Injection volume was 1 μL and split ratio was 
25:1, solvent delay time was 12 minutes, carrier gas 
He was selected and the constant gas flow was set at 1 
mL / min flow. H2 flow 35 mL / min, dry air flow 350 
mL / min, N2 20.227 mL / min automatically set by 
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the program. GC-FID and MS results were recorded 
simultaneously. The results were evaluated by pairing 
with the NIST and WHILEY libraries registered on 
the device.

Result and Discussion

The present study gives an overview for the fatty 
acid profiles and the level of some microelements (Fe, 
Cu, Mn, and Zn) detected at Coprinus atramentarius, 
Laetiporus sulphureus and Suillus luteus species which 
were collected from Tokat’s different localities in Tur-
key. 

According to the result of the study, oleic, linoleic, 
palmitic and stearic acid levels were high and rang-
ing from 24.60-33.94%, 7.73-33.17%, 21.24-28.60%, 
10.49-28.55%, respectively. 

While the highest measure of oleic, stearic, miris-
tic and palmitic acids levels was detected at Laetipo-
rus sulphureus, the highest linoleic and linolenic acids 
levels were noticed at Coprinus atramentarius. Behenic 
and palmitoleic acids were found in the very high 
range at Suillus luteus. The results of fatty acid profiles 
were given Figure 1-2.

Microelements levels are generally high in all 
mushroom samples and while the highest levels of Fe, 
Cu, Zn, and Mn was found at Coprinus atramentarius, 
1183.60 mg/kg-1, 57.12 mg/kg-1, 288.40 mg/kg-1 and 
64.20 mg/kg-1 respectively, the lowest levels of all ele-
ments were detected in Laetiporus sulphureus. The re-
sults of mineral levels were given table 2 and figure 
3-4.

Comparison to literature data; Sesli and Tüzen 
(1999) studied different macrofungi which were col-
lected from East Black Sea Region and they found 
87.6 μg/g Fe, 10.3 μg/g Cu, 17.0 μg/g Mn, and 62.4 
μg/g Zn at Suillus granulatus species which was famil-
iar with Suillus luteus species (6). Again Tüzen et al. 
(2007) examined macrofungi species and detected 658 

Figure 1. GC-MS chromatogram of Suillus luteus: number 
of 1.C14:0, 2.C15:0, 3.C16:0, 4.C16:1, 5.C18:0, 6.C18:1, 
7.C18:2, 8.C22:0, 9.C20:4.

Figure 2. Fatty acid profiles of mushroom samples (C14:0 
myristic, C15:0 pentadecanoic, C16:0 palmitic, C16:1 palmi-
toleic, C18:0 stearic, C18:1: linoleic, C18:3: linolenic, C22:0 
behenic, C20:4 arasidonic acid)

Table 1. Fatty acid profiles of mushroom samples

Mushroom species C14:0 C15:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C22:0 C20:3 C20:4

Laetiporus sulphureus 0.71 0.00 28.60 0.47 28.55 33.94 7.73 0.00 0.00 0.00 0.00

Suillus luteus 0.49 0.34 25.97 0.65 17.09 24.60 29.05 0.00 0.33 0.00 1.47

Coprinus atramentarius 0.28 0.58 21.24 0.46 10.49 29.81 33.17 3.73 0.00 0.26 0.00

Table 2. Mineral levels of mushroom samples (as mg/kg-1)
Mushroom species Fe Cu Mn Zn
Laetiporus sulphureus 162.920 5.000 19.360 28.360
Suillus luteus 283.240 13.360 22.840 118.840
Coprinus atramentarius 1183.600 57.120 64.200 288.400
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μg/g Fe, 35.8 μg/g Cu, 77.5 μg/g Mn, and 59.8 μg/g  
Zn contents at Suillus granulatus species (7). Dursun 
et al (2006) studied mineral contents profiles of some 
wild growing mushroom species from Turkey and 
found 1425.6 mg/kg-1 Fe, 39.3 mg/kg-1 Zn, 9.6 mg/
kg-1 Cu, 38.3 mg/kg-1 Mn at Suillus luteus and 63.8 mg/
kg-1 Zn at Laetiporus sulphureus (8). Ayaz et al. (2011) 
were detected 28.6 mg/kg-1Fe, 5.0 mg/kg-1 Mn, 38,6 
mg/kg-1 Zn and 2.8 mg/kg-1 Cu in Laetiporus bisporus 
which was collected Black Sea region of Turkey and 
at another study levels of Fe 5.18 mg/kg-1,  Cu 0.08 
mg/kg-1, Mn 0.20 mg/kg-1, and Zn 0.48 mg/kg-1 were 
found Suillus luteus that was collected from Western 
Black Sea region of Turkey (9). In addition to,  Laeti-
porus species which was collected near the Balıkesir-
Manisa highway from two different areas (from road-
side and background area) was examined to determine 
levels of minerals. While levels of Cu 6.5 mg/kg-1, Zn 
38 mg/kg-1, Mn 3.7 mg/kg-1 and Fe 162 mg/kg-1 were 
found at roadside samples, Cu 5.6 mg/kg-1, Zn 33 mg/
kg-1, Mn 5.6 mg/kg-1 and Fe 90 mg/kg-1 were detected 
at background samples (Yılmaz et al. 2003) (10). Uzun 
et al (2011) detected mineral contents in Suillus luteus 
and Laetiporus sulphureus which were collected from 
Bingol and Selim district and according to the results 
while Suillus luteus species have 30 mg/kg-1 Fe, 146 mg/
kg-1 Zn, 38 mg/kg-1 Cu and 10.8 mg/kg-1 Mn, Laetipo-
rus sulphureus species have 1190 mg/kg-1 Fe, 314 mg/
kg-1 Zn, 77 mg/kg-1 Cu and 28.5 mg/kg-1 Mn contents 
(11). Yamaç et al. (2007) investigated Central Anatolia 
mushroom samples and they found 57 mg/kg-1 Zn, 562 
mg/kg-1 Fe, 32.60 mg/kg-1 Mn, and 20.40 mg/kg-1 Cu 
in Suillus bovinus and 45.20 mg/kg-1 Zn, 228 mg/kg-1 
Fe, 6.20 mg/kg-1 Mn, and 26.60 mg/kg-1 Cu in Suillus 
collinitus species (12). Gençcelep et al. (2009) collected 
mushroom samples from the Erzurum province and 
examined samples to levels of mineral contents (13). 
They found 433 mg/kg-1 Fe, 111 mg/kg-1 Zn, 31.2 mg/
kg-1 Cu and 43.4 mg/kg-1 Mn in Suillus luteus and 148 
mg/kg-1 Fe, 94.3 mg/kg-1 Zn, 75.0 mg/kg-1 Cu and 13.9 
mg/kg-1 Mn in Coprinellus micaceus which was close 
species to Coprinus atramentarius. 

In addition to some studies from the foreign liter-
ature; Suillus luteus species was analyzed and except the 
Fe mineral, 130 μg/g Zn, 22 μg/g Cu, and 6.4 μg/g Mn 
were detected (14). Melczek et al. (2013) studied some 

Poland’s mushroom species and they detected 38.94 
mg/kg-1 Cu and 64.29 mg/kg-1 Zn in Suillus luteus (15). 
Konuk et al. (2006) also found iron as the highest min-
eral in a study on some edible mushrooms (16).

According to this study; while, Fe, Cu, Mn, and 
Zn elements levels of Coprinus atramentarius, Laetipo-
rus sulphures, Suillus luteus are seen very close to litera-
ture data which were done examining mineral levels 
and literature data are very unsatisfactory about fatty 
acid levels of these mushroom species. Our study gives 
very qualified information about these species and pro-
vides sufficient literature on these mushroom species.

Conclusion

This research is give an information about some 
mineral elements and fatty acid profiles of  some wild-
grown edible mushroom species that are Laetiporus 
sulphureus, Suillus luteus  and Coprinus atramentarius. 
According to results, mineral elements (Fe, Zn, Cu, 

Figure 3. Mineral levels of mushroom samples (as mg/kg-1)

Figure 4. Mineral levels of mushroom samples (as mg/kg-1)
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and Mn) levels were detected very high at Coprinus 
atramentarius species, fatty acid profile have some 
differences among these species. While, the highest 
levels of mineral elements were detected at Coprinus 
atramentarius species, Laetiporus sulphureus have the 
lowest. But if we look at the fatty acid profiles, some 
differences will be seen. Laetiporus sulphureus species 
have high quantity of myristic, palmitic, stearic, and 
oleic acids and Suillus luteus species have high levels of 
palmitoleic, behenic, and arachidonic acid, also again 
high level of pentadecanoic, linoleic which is called 
omega 6, and linolenic which is called omega 3 that is 
very important to human health and intake from the 
only vegetable and animal nutrition, in Coprinus atra-
mentarius.

The results of this study provide important infor-
mation in completing the literature data that is lacking 
in mineral contents and fatty acid levels of these mush-
room species, and also it shows that these wild edible 
mushroom samples are very healthy to human because 
of the fatty acid profiles and rich mineral contents. It 
can be an alternative food supplement to those suf-
fering from anemia, especially thanks to its rich iron 
content. Furthermore, RDA values for mineral will be 
met if a daily portion is eaten from any of types of 
mushrooms subject to our work.
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Synergistic effect of pretreatment, packaging and cobalt-60 
gamma irradiation on nutrition and shelf life of pine nuts
Mehwish Iqtedar1, MyraWasim1, Roheena Abdullah1, Afshan Kaleem1, Ayesha Aihetasham2, 
Asma Chaudhary3, Shagufta Naz1

1Department of Biotechnology, Lahore College for Women University. Lahore, Pakistan, 2Department of Zoology, Entomol-
ogy Lab, University of the Punjab, Lahore - Email: miqtedar@gmail.com; 3Science and Technology Department, University of 
Education, Lahore.

Summary. Pakistan is among the major producers of pine nuts but its export value is low which is attributed 
towards prevailing poor post-harvest conditions such as improper handling and storage and unhygienic con-
ditions from field to the market. In this context, the present study was designed to evaluate the combinato-
rial effect of pretreatment, packaging and gamma irradiation on pine nut shelf life through evaluation of its 
microbial quality, sensory attributes and proximate analysis. Shelled pine nuts were pretreated (dried) under 
hygienic condition by two drying methods, solar drying (42°C) and cabinet drying (55°C). Two packaging 
strategies were undertaken in which samples were packed in inner aluminium and outer polythene packing 
whereas the other with only polythene packing. All the samples were irradiated with 7kGy radiation. Total 
bacterial load, Gram negative Enterobactereacae lactose and non-lactose fermenters and fungal count was ob-
served in the range of log1 to none in all samples from initial till last day which showed the positive influence 
of drying treatment on samples. Insect infestation was not detected in any sample which showed that all com-
bination of treatments were successful in eliminating the infestation. Oxidative stress when evaluated showed 
that oven dried control sample with aluminium and polythene packing showed high iodine value (78.8 mg.g-1) 
and low Thiobarbituric acid value (TBA) (0.006 mg.ml-1) whereas organoleptic properties showed good tex-
ture, colour and taste upto 20th day of storage. Conclusively, aluminium packing with polyethylene was effec-
tive with oven dried samples whereas if radiation is to be used then low dose with only polyethylene packing 
would be sufficient for long term preservation and to prevent post-harvest losses.

Key words: insect infestation, microbial analysis, organoleptic properties, oxidative stress, Pinus gerardiana 
(Pine nuts), sensory evaluation.
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O r i g i n a l  a r t i c l e

Introduction

The economy of any agriculture country depends 
largely upon its crop yield. The more the better, how-
ever certain circumstances affects the yield badly 
apart from the quality and quantity of it produced. 
Several stages underlay the process of moving the 
crop from field to the fork. Inadequate storage and 
transport conditions leads to massive post-harvest 

losses faced by the farmers and eventually severely 
disturbs the country’s economy. Pakistan is an agri-
cultural country and its economy is run by the export 
of its fresh produce and is among the major producers 
of pine nuts however its export value is very low and 
it is due to not meeting the international food export 
standards. The poor quality of pine nuts is attributed 
to poor prevailing post-harvest conditions. On one 
side these factors are the cause of decline in quantity 
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of the product that reaches the market while on the 
other hand affecting the quarantine attributes of the 
remaining ones. 

Improper storage conditions develop rancidity 
in nuts and contamination from microbes along with 
their toxins (1). Number of studies has reported pine 
nuts contamination with Salmonella and Escherichia 
coli during processing (2, 3). Fungal mold can grow 
upon food when they are kept under parameter that 
allows sufficient moisture for their multiplication and 
produces various metabolites (4, 5). Food gets con-
taminated by fungal spores through wind, insects and 
rain (4). Fungal contamination and enzymatic deg-
radation of structural components of the nuts causes 
reduction of grain quality, nutritional value, germina-
tion ability and increase in free fatty acid content (6, 
7). The common toxic species belongs to the genera 
Aspergillus, Penicillium and Fusarium including molds 
such as Scopulariopsis and Sporendonema (8, 9). All 
these factors affect the quality of pine nuts thereby 
reducing its export value (10).In many developing 
countries, aflatoxins contamination of food by two 
fungi known as Aspergillus flavus and Aspergillus para-
siticus are the main cause of both humans and animals 
illness (11). Now, the worldwide range for AFB1 and 
aflatoxin total are 1-20ng.g-1 and 0-35ng.g-1, respec-
tively (12).

Dried fruits and nuts are also damaged by in-
sect infestation another reason behind pre and post-
harvest losses (3, 13). Pine nuts are known for their 
high quality of fats and unsaturated fatty acids. Stor-
age stability is affected by fat content, degree of un-
saturation and polysaturation, moisture content and 
temperature (14, 15). Lipid oxidation give rise to un-
desirable flavors, aromas and changes the nutritional 
quality of fats and oils which results in the produc-
tion of unsafe compounds (1). At now, low moisture 
storage has proven beneficial to control respiration as 
a post-harvest treatment (16). Low moisture storage 
inhibits microbial growth and retard oxidative ran-
cidity (17, 18).

Number of studies have shown the positive in-
fluence of dry heat treatment on shelf life of pine nuts 
where solar tunnel drier proved more fruitful mode 
for drying nuts as compared to the others (19). Open 
sun drying results in the reduction of crop yield in 

high amount every year but remains in use by many 
farmers as a method of drying which is due to the 
high cost for commercial dryers (20). The higher 
color, texture, taste and overall acceptability of nuts 
dried in tunnel drier revealed its superiority over oth-
er drying modes (19). Another drying method fre-
quently used for drying of nuts is the cabinet drying 
at temperature 55°C. Packaging materials also plays 
an important role in enhancing the shelf life of pine 
nuts. The difference between packaging materials can 
be attributed to their thermal conductance properties 
which affect the internal decomposition reactions in 
the products during storage (21).

Food irradiation is used in the betterment of 
food hygiene, reduction in contamination and in-
crease in shelf-life. Many studies have reported the 
effect of irradiation in preventing food quality from 
oxidation, insect and microbial contamination during 
storage and handling (22, 23). Recently, some coun-
tries have limited the irradiation dose above 10kGy 
for decontamination purposes (24). The aim of the 
present study was to observe the combine effect of 
dry heat treatment, packaging type and irradiation in 
enhancing the shelf life of pine nuts thereby reducing 
the post-harvest losses.

Materials and methods

Sample Preparation and Pretreatment
Pine nuts were shelled under hygienic condi-

tions and were dried by two drying methods i.e. solar 
tunnel and cabinet drying (55°C for 160 hr). After 
drying, the samples were weighed and packed into 
two types of packaging, aluminium (inner packing) 
with additional packing of polythene (outside) and 
the other group with only polythene packing (14, 19).

Irradiation
Pine nut samples were irradiated at dose of 7kGy 

to find its effect regarding reduction in microbial flo-
ra and their toxins from the samples (25).

Microbial Analysis
Enumeration media used was nutrient agar for 

obtaining total bacterial count for each group of pine 
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nut samples. For lactose fermenters MaCconkey agar 
was used and for Gram negative enterobacteriaceae 
non-lactose fermenters Salmonella Shigella agar was 
used. Whereas for obtaining total fungal count Po-
tato dextrose agar was used. Spread plate method was 
used to obtain colony forming unit per gram (26).

Microflora Characteristics
Cell morphology of the bacterial isolates were 

studied by Gram staining (26). Whereas for fungus 
cell morphology was studied by methylene blue stain-
ing (27).

Organoleptic properties
Taste, aroma, colour and texture of pine nuts kept 

under different conditions were analyzed by 9-point 
hedonic scale (28).

Proximate Analysis
Different tests were performed such as moisture 

content (%) and lipid profiling to find the quality of 
samples in each experiment. 

Lipid profile
Lipid profile was analysed by measuring the 

samples peroxide value, acidity value, iodine value and 
thiobarbituric acid value.

Peroxide Value
Initial rancidity, peroxide value was studied (29).
Peroxide value (mg.g-1) = (S - B) X N sodium thiosulphate X 1000 
          Weight of sample
S = titration of sample, B= titration of blank 

Acid Value
Free fatty acids, acid value was estimated (30).

Acid value (ml.g-1) = (56.1 x V x C)/ m
V = volume of Potassium hydroxide (KOH), C = con-
centration of KOH, m = mass in grams of the test por-
tion, 56.1 = equivalent weight of KOH

Thiobarbituric Acid
For the estimation of conversion of free fatty acids 

into secondary oxidative products such as aldehydes 
and ketones, Thiobarbituric acid (TBA) value was es-
timated (31).

μM TBARS.g-1 fat = (A – b) / (a × m × 1000)
A= absorbance of the sample (oil), a= slope of the 

standard curve, b= intercept of the standard curve, m = 
amount of the sample (g)

Iodine Value
For the estimation of unsaturation present in 

sample, iodine value was estimated (29).
Iodine value (mg.g-1) = mL of blank – mL of sample × N (sodium 

thiosulphate) × 12.69

Weight of sample in grams

Insect Infestation
The pine nut samples were checked from time to 

time for evaluation of different stages of insects with 
the help of magnifying glass.

Statistical Analysis
All the experiments were performed in triplicates. 

One way ANOVA, Duncan multiple range test was 
applied on the values to find the significance difference 
at p≤ 0.05. 

Results and Discussion

Total bacterial count of control samples (solar 
dried and oven dried) for both packaged groups i.e. 
with or without aluminiumwaslog1 for up to 20th days 
of storage (Fig. 1a, b). The growth was acceptable for 
total bacterial count according to the international 
food export standards (32). Heat pretreatment given 
to the samples has reduced the moisture content con-
siderably that prevented bacterial growth on pine nut 
samples. Low moisture content increases the shelf life 
of samples whereas excessive moisture content sup-
ports microbial activity (33). Both methods of pack-
aging that is aluminium with polythene packaging 
and polythene alone were successful in eliminating 
the microbial growth. Gamma irradiated (7kGy) and 
control samples showed no sign of microbial con-
tamination of any type for the entire storage period 
which is assumed to be due to shelling process done 
under hygienic conditions.

Extremely less fungal growth (log 1) was ob-
served in control samples of both oven and solar 



Synergistic effect of pretreatment, packaging and cobalt-60 gamma irradiation on nutrition and shelf life of pine nuts 197

Fig. 1. Microbial evaluation of Pine nut samples at different experimental conditions (a) oven dried (b) solar dried.

Fig. 2. Lipid profile of pine nut samples at different experimental conditions observed during 20th day of storage period (a) Peroxide 
value (b) Acid value (c) TBA value (d) Iodine value. Letters on bars show significant difference (P ≤ 0.05) at different conditions.
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dried experiments with both packaging types (Fig. 
1a, b). The growth was under the accepted limits for 
fungal contamination according to the international 
food export standards (32). Dominant species were 
Aspergillus niger and Penicillium sp. Previous studies 
reported many fungal species such as Aspergillus, Pen-
icillium, Cladosporium, Tricoderma, Fusarium from the 
dry nut samples (34, 35). Current findings indicated 
that the present strategies were successful in prevent-
ing food contamination to a greater extent during 
storage. Gamma treated (7kGy) samples showed no 
fungal growth during the entire study period. So, to-
gether pretreatment, packaging and irradiation were 
capable of reducing the fungal growth in pine nut 
samples during storage. The insect infestation was 
not detected in all samples. Many insects such as 
Cydiacolorana, Eucosmabobana, Leptoglossus occidenta-
lis have been reported on pine nuts in other studies 
(36). So, all combination of treatments were fruitful 
in preventing insect infestation. 

It is the lipid oxidation that changes the taste 
and aroma of pine nuts (37). The factors affecting the 
lipid oxidation are light, temperature, moisture and 
exposure to oxygen (38, 39). Different tests such as 
iodine value, peroxide value, thiobarbituric acid assay 
(TBRAS) and acid value were performed to check 
the rancidity in pine nut samples during storage. The 
peroxide value was less in oven dried samples as com-
pared to solar samples. This increase in value might 
be due to the effect of solar heating and high oxy-
gen concentration that caused unsaturated fatty acid 
formation. However radiated solar dried samples 
had less peroxide value as compared to non-radiated 
samples. Previously it has been reported that food ir-
radiation increases the antioxidant property of a food 
generating radical scavengers that actually prevent 
radical generation (40). Same phenomenon occurred 
as radiated pine nut samples had less peroxide value 
and therefore at much better condition than the non-
radiated solar dried samples. Peroxide value is the 
initial indicator of rancidity in nuts during storage 
(41). So, irradiation had positive impact on pine nuts 
during storage. Effect of packaging material when 
studied revealed that for oven dried samples alumini-
um with polyethylene packing was more suitable as it 
stopped the light from peroxidation of lipids whereas 

for radiated samples only polythene packing was ef-
fective presenting the positive long term effect of ra-
diation on pine nuts storage (Fig. 2a). TBA value for 
oven dried non radiated samples with aluminum and 
polyethylene packing was less as compared to oth-
er experimental groups (Fig. 2c). This combination 
prevented the conversion of unsaturated fatty acids 
into aldehydes and ketones and rapid lipid oxidation 
(19). Degree of unsaturation was higher in oven dried 
samples as compared to solar dried samples. Whereas 
all radiated samples had high iodine value indicating 
less oxidation than the non-radiated samples (Fig. 
2d). Iodine value of samples packed in aluminium 
and polythene packing was higher as compared to 
samples only packed in polyethylene packing. Thus 
if pine nuts were oven dried and packed in alumin-
ium with polythene packing their shelf life can be 
increased by preventing lipid oxidation. Whereas if 
samples are gamma irradiated (oven dried) then only 
polythene packing can be used without effecting the 
shelf life of pine nuts. Decrease in iodine value indi-
cates increase lipid oxidation due to degradation of 
unsaturated fatty acids after formation of hydroper-
oxides (42, 43).

The solar dried samples showed reduce acid 
value which showed less breakdown of unsaturated 
fatty acids (Fig. 2b). The higher acidity value means 
higher amount of free fatty acids which decreases the 
sample quality rapidly as seen in oven dried samples 
(44). According to AOCS, the acceptable acidity 
value for all oils should be 0.6mg.ml-1whereas all the 
samples had above the limit. Decline in acidity value 
with time indicated conversion of free fatty acids 
into secondary oxidative products.

The oven dried samples of both packaging 
materials (aluminium plus polythene packing and 
polythene packing alone) showed smooth and shiny 
texture upto 11th days of storage but gives moderate 
change in colour and taste due to lipid oxidation (Fig. 
3a, c). The radiated oven and solar dried sample of 
both packaging material showed extremely unpleas-
ant taste during the entire period of study (Fig. 3b, 
d, f, h). Conclusively, it can be said that solar drying 
method did not proved an effective strategy for long 
term preservation of pine nut samples. Aluminium 
packing with polyethylene was effective with oven 



Synergistic effect of pretreatment, packaging and cobalt-60 gamma irradiation on nutrition and shelf life of pine nuts 199

dried samples whereas if radiation is to be used then 
low dose with only polyethylene packing would be 
sufficient for long term preservation.
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Wild mint (Mentha longifolia) extracts in the production of 
non-alcoholic beverages
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Summary. Isolates of medicinal and aromatic herbs are used as additives in non-alcoholic drinks to improve 
the sensory characteristics and antioxidant potential. The method of drying the plant material, among other 
factors, has a profound influence on the chemical composition and pharmacological activities of plant ex-
tracts. This paper analyzes the effect of the drying technique (I - natural drying, II - in the laboratory oven, 
III - in low-temperature condensational drier) on the volatile fraction of the wild mint (Mentha longifolia (L.) 
Hudson) extract, in order to select an extract of the best quality for preparation of non-alcoholic drinks. The 
volatile profile of the extracts was determined by the GC-FID and GC-MS techniques, the antimicrobial 
activity by the microdilution technique, the antioxidant activity by the DPPH and FRAP assays, and the 
sensory acceptance according to the Regulation on quality for refreshing non-alcoholic beverages. The results 
showed that piperitone was the major component of the volatile fraction extract of the natural drying herb 
and low-temperature condensational drier herb (53.9% and 61.1%, respectively), while the extract of labo-
ratory oven herb was rich in menthone (35.5%). At the concentrations in the range of 0.8-3.2 mg/mL the 
extracts better inhibited the Gram (+) bacteria. The beverage to which the extract of naturally dried wild mint 
was added, showed the antioxidant activity (9.09±0.17 µmol Fe2+/mL by FRAP and 14.00±3.00 µL/mL by 
DPPH method) and good sensorial characteristics (concentration of the extract 0.8 g/L).
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O r i g i n a l  a r t i c l e

Introduction

One of important product categories within the 
functional food segment is non-alcoholic beverages 
fortified with vitamins or other functional ingredients 
(1). For the preparation of non-alcoholic beverages 
with desired sensory and biological characteristics, 
medicinal and aromatic herbal raw materials (with dif-
ferent biological activities) are added. Species of the 
genus Mentha and the family Lamiaceae have enjoyed 

a rich tradition of use for flavouring, food preservation, 
and medicinal purposes, due to both their curative and 
their preventive properties (2).

Drying, as one of the oldest complex processes of 
food conservation, represents a very important phase 
in processing of medicinal and aromatic herbs. In con-
ventional hot air-drying, high temperatures and long 
drying periods can cause thermal degradation or vola-
tilization of important flavour compounds (3). Since 
there are negative concerns regarding the use of syn-
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thetic ingredients for food preservation, natural alter-
natives such as the addition of plant extracts rich in 
phenolics are gaining popularity among consumers (4).

The influence of the effects of different drying 
methods on the yield and chemical composition of 
the essential oil obtained from the herb Mentha longi-
folia (L.) Hudson (wild mint, horsemint), was studied 
showing significant differences mainly concerning 
the chemical composition. Piperitone was the major 
compound in the all three essential oil from herb (low 
temperature drying 71.7%, natural drying 50.8% and 
laboratory drying oven 43.1%) (5). Besides volatile 
fraction (6), the non-volatile fraction of the ethanolic 
extract, in terms of chemical composition and anti-
oxidant activities was assessed by Stanisavljević et al. 
(7) and the highest antioxidant activity and the great-
est content of the total phenolics and flavonoids were 
found for the extract obtained from the raw material 
dried naturally.

In this paper the impact of different drying tech-
niques on the composition and activity of ethanolic 
extracts of the herb M. longifolia was analysed aiming 
to select high quality isolates in order to be applied in 
the production of non-alcoholic beverages. Functional 
benefits of herbal extracts may provide value-added 
products and benefits to consumers.

Materials and Methods

Chemicals
All chemical substances were of analytical purity: 

Ethanol (Zorka-Pharma, Serbia), DMSO (dimethyl 
sulfoxide) and DPPH (2,2-diphenyl-1-picrylhydrazyl) 
(Sigma Chemical Company, USA), TPTZ reagent 
(2,4,6-tripyridyl-s-triazine) (TCI Europe, Belgium), 
Iron(II)sulfate-7-hydrate (VWR Prolabo, Belgium), 
Müller-Hinton and Sabouraud broth, Ampicillin, 
Amikacin and Nystatin (Torlak, Serbia), Sucrose and 
Citric acid (from the market).

Plant material
The M. longifolia herb in the phenological phase 

of blooming was gathered from the region of the mu-
nicipality of Prokuplje (Rastovnica, 400 m.a.s.l., Ser-
bia). The voucher specimen (N°16469) was deposited 

at the Herbarium of the Institute of Botany and Bo-
tanical Garden "Jevremovac“ (Faculty of Biology, Uni-
versity of Belgrade).

Drying
The herb material was dried under three different 

types of drying techniques: I - natural drying (ND) in 
the shade on a draughty place for 15 days, II - in the 
laboratory oven (LOD) (Stockli, Switzerland) at 45°C 
for 2 days, III - in low-temperature condensational 
drier (LTCD) (LT-CD/60S, Freon Eko Kragujevac, 
Serbia) at 35°C for 2 days.

Extraction
Dried plant material was grinded in the electric 

coffee mill and extracted by the modified pharmaco-
poeia procedure (8) of the single percolation by etha-
nol 70% V/V as a solvent. Chopped herb (50 g) was 
soaked in Erlenmeyer with solvent (25 mL) and left 
two hours so that the herb could absorb the solvent 
and swell. Wet herbal material was moved to percola-
tor, basted by a certain quantity of the same solvent and 
left at the room temperature for 24 hours. The quantity 
of solvent was determined by the preliminary extrac-
tion. The extract from the percolator was released in 
the Erlenmeyer flask at the regulated speed, 1-3 mL 
per minute. By the process of the one way percolation, 
the obtained quantity of the extract compared to the 
beginning quantity of the herb raw material was 2:1. 
Liquid extract was used for GC analysis. For all other 
analyzes dry extract was used. The obtained percolate 
was evaporated in the rotary vacuum evaporator (Ika-
Werke, D-79219 Staufen, Germany), at 50°C, till dry-
ness. Dried extract was milled into fine powder using 
the mortar with a pestle, dried into the vacuum-drier 
at 50°C until the constant mass and was kept in well 
closed glass vessels, on the dry, cold and dark place.

GC-FID and GC-MS analysis
Chromatographic analyses of the extract volatile 

fractions were performed by GC-FID and GC-MS 
techniques.

GC-FID analysis was carried out on a Hewlett-
Packard system (HP-5890 Series II gas chromato-
graph), equipped with split-splitless injector and auto-
matic liquid sampler (ALS), attached to HP-5 column 
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(25 m × 0.32 mm, 0.32 µm film thickness) and fitted to 
flame ionization detector (FID). Carrier gas flow rate 
(H2) was 1 mL/min, injector temperature was 250°C, 
detector temperature 280°C, while column tempera-
ture was linearly programmed from 40-260°C (at rate 
of 4°C/min), and held isothermally at 260°C next 10 
minutes. Undiluted extract were consecutively injected 
by ALS (1 µL, split mode, 1:30). Area percent reports, 
obtained as result of standard processing of chroma-
tograms, were used as base for the quantification pur-
poses. All measurements were performed in triplicate, 
and the results were presented as the mean values. Sta-
tistics has been covered by FID specification (results 
with a range of deviation for the level 1%).

The same analytical conditions as those men-
tioned for GC-FID were employed for GC-MS anal-
ysis, along with column HP-5MS (30 m × 0.25 mm, 
0.25 µm film thickness), using HP G 1800C Series 
II GCD system (Hewlett-Packard, Palo Alto, CA, 
USA). Helium was used as carrier gas. Transfer line 
was heated at 260°C. Mass spectra were acquired in EI 
mode (70 eV), in m/z range 40-450. Sample solutions 
were injected by ALS (1 µL, split mode, 1:30).

The constituents were identified by comparison of 
their mass spectra to those from Wiley275 and NIST/
NBS libraries, using different search engines. The 
experimental values for retention indices were deter-
mined by the use of calibrated Automated Mass Spec-
tral Deconvolution and Identification System software 
(AMDIS), compared to those from available literature 
(9) and used as additional tool to approve MS findings.

Antimicrobial activity
The minimum inhibitory concentration (MIC) 

was determined by the broth microdilution method 
(10). Tests were performed in Müller Hinton broth for 
the bacterial strains, and in Sabouraud dextrose broth 
for Candida albicans. Further, the sensitivity of exam-
ined microorganisms to standard antibiotics ampicil-
lin, amikacin and nystatin was evaluated.

The study was conducted against nine differ-
ent bacterial strains: Micrococcus luteus ATCC 9341, 
Micrococcus flavus ATCC 10240, Staphylococcus aureus 
ATCC 25923, Staphylococcus epidermidis ATCC 12228, 
Enterococcus faecalis ATCC 29212 and Bacillus subtilis 
ATCC 6633, Escherichia coli ATCC 25922, Klebsiella 

pneumoniae NCIMB 9111, Pseudomonas aeruginosa 
ATCC 27853; and two strains of yeast Candida albi-
cans (ATCC 10259 and ATCC 24433).

The dry extract was dissolved in DMSO and it 
was tested in the concentration range 0.81-30 mg/mL. 
Positive control of bacterial growth was set in the test 
as well as the sterility control of extract. Plates were 
incubated in aerobic atmosphere for 24 h at 37°C for 
bacteria and 48 h at 26°C for Candida albicans. Subse-
quently, the growth of bacteria and yeast was recorded 
semiquantitatively as turbidity of the medium and pel-
let at the bottom of the wells.

The preparation of non-alcoholic beverages
The base for beverages was made as the water so-

lution of sucrose and citric acid (14% and 0.4%, re-
spectively). The beverages were prepared with differ-
ent percent of dry extract (0.6, 0.7, 0.8, 1.0, 1.2 g/L) 
obtained from naturally dried herbs ND (7), and kept 
in well closed glass dishes at dry, cold and dark place.

Antioxidant activity of non-alcoholic beverages
The antioxidant activity of the prepared non-

alcoholic beverage as finished product was evaluated 
by FRAP and DPPH assays. For the Ferric Reduc-
ing Antioxidant Power (FRAP) assay, an aliquot of 
0.1 mL of the sample was added to 3.0 mL of freshly 
prepared FRAP reagent. The measures were taken at 
593 nm and the calibration curve was prepared using 
ferrous sulphate as the standard (11).

For determining antioxidant activity of samples 
the series of solutions in the range of concentrations 
10.0; 50.0; 100.0; 500.0; 1000.0 µLof sample/mL were 
made for finshed product and DPPH radicals of 0.3 
mM in 70% ethanol. 1.0 mL of DPPH radical solu-
tion and 2.5 mL of already prepared samples of fin-
ished product of different concentrations were mixed 
(12, 13):

The capacity for neutralizing DPPH radicals (%) = 
 = 100 - [(As – Ab)×100/Ac] (1)

where: As - absorbance in the presence of the 
product in the DPPH solution, Ac - absorbance of 
the control solution (containing only DPPH) and Ab 
- absorbance of the sample product solution without 
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DPPH. The EC50 value was calculated according to 
the experimental data by the use of the sigmoidal non-
curve method and SigmaPlot 2000 Trial software.

The content of total phenolics in non-alcoholic beverages
The content of total phenolics was determined 

by Folin-Ciocalteu reagent. 0.2 mL of non-alcoholic 
beverage (concentration of 0.2 mL of beverage/mL of 
solution) was mixed with 1 mL of Folin-Ciocalteu rea-
gent and 0.8 mL of 7.5% of water solution of Na2CO3. 
After thirty-minute incubation at room temperature 
and dark place, the absorbance of reactive compound 
was measured at 765 nm at spectrometer „VARIAN 
Cary-100“. The content of total phenolic compounds 
was obtained by the equation of curve (R=0.9919) 
with gallic acid as a standard shown as mg of gallic 
acid/mL of beverage:

 Absorbance=7.2328 cgallic acid(µg/mL) – 0.2286 (2)

Calibration was carried out with standard solu-
tions of gallic acid. Regarding calibration curve and 
absorbance of the examined samples the content of 
total phenolics in samples was obtained.

The content of flavonoids in non-alcoholic beverages
The content of total flavonoids was determined by 

the spectrometric method. 0.1 mL of the solution of 
aluminum(III) - chloride (10%), 0.1 mL of the solu-
tion of potassium acetate (1M) and 2.8 mL of distil-
lated water were added into 2.0 mL of non-alcoholic 
beverage (conc. of 0.2 mL of beverage/mL of solution). 
After thirty-minute incubation at room temperature 
the absorbance of reactive compound was measured at 
415nm in relation to distilled water. Rutin was used 
as a standard, and the total content of flavonoids was 
shown as mg of rutin/mL of beverage and was deter-
mined by the equation of curve (R=0.9994):

 Absorbance= 12.722 crutin (µg/mL)+0.0034 (3)

Sensory evaluation of non-alcoholic beverages
The quality of readymade products was defined 

by sensory evaluation. The evaluation committee was 
composed of 15 members, the experts from the field of 
food technology, age between 30 and 65. The samples 

were offered to the evaluators at 20°C, in transpar-
ent glasses. Four attributes were evaluated: color in-
tensity (max. 4 points), homogeneity (max. 4 points), 
fragrance intensity (max. 5 points) and taste (max. 7 
points). Evaluation of the quality of the non-alcoholic 
beverages was carried out according to the Regulation 
on quality for refreshing non-alcoholic beverages (Serbian 
national regulative) (14).

Results and Conclusions

Chemical composition of volatile fraction of M. 
longifolia extracts are shown in Table 1. The greatest 
differences in the volatile profile of the extracts can be 
noticed in the content of piperitone, menthone and 
iso-menthone.

It is noticeable that monoterpenoids were found 
to be the most abundant class of compounds identified 
(ND 76.7%, LOD 77.7%, LTCD 81.4%), followed by 
sesquiterpenes. Chromatographic analysis showed that 
in ND and LTCD extracts the monoterpene piperi-
tone was the major compound (53.9% and 61.1%, re-
spectively). In the LOD extract was observed the low-
est content of piperitone (18.5%), while the presence 
of menthone was recorded in the LOD extract as the 
dominant component (35.5%). Because of that, plant 
species from this locality can be inserted in the pipeti-
tone chemotype. In the previous study of the essential 
oil of the same plant species, the authors found similar 
results (5). Piperitone dominated in all three oils (LTD 
71.7%, ND 50.8%, LOD 43.1%), carvone in ND oil 
(20.0%), and menthone and iso-menthone in LOD 
oil (17.5% and 8.3%, respectively). It is obvious that 
there is an agreement in the content of menthone, iso-
menthone and piperitone in extracts and essential oils, 
and way, temperature and drying time have an impact 
on the chemical composition of the studied isolates. 
Analyzing the essential oil M. pulegium originated 
from Iran (15), piperitone as the main component was 
obtained (38.0%). 

According to the Regulation on quality for refresh-
ing non-alcoholic beverages (16), the use of pulegone in 
food and beverages has limits of: 100 mg/kg for mint/
peppermint containing alcoholic beverages; 20 mg/kg 
for mint/peppermint containing non-alcoholic bever-
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Table 1. The chemical composition of volatile fraction of M. longifolia extracts

 Drying method
Constituents (%) KIE KIL ND LOD LTCD

α-thujenem 933 924 0.6 - 0.4 

α-pinenem n/a 932 0.9 0.9 0.8 

sabinenem 973 969 - - 0.4 

β-pinenem 976 974 0.7 0.7 0.8 

myrcenem 994 988 1.0 1.6 0.5 

3-octanolm 1005 988 1.5 0.9 0.9 

limonenem 1029 1024 1.9 0.2 2.0 

1,8-cineolem 1032 1026 2.9 3.5 4.6 

cis-β-ocimenem 1041 1032 1.1 0.6 0.7 

benzene acetaldehyde 1051 1036 0.4 - 0.3 

menthonem 1154 1148 - 35.5 - 

iso-menthonem 1165 1158 0.7 9.5 - 

α-terpineolm 1195 1186 0.4 - 0.4 

cis-dihydrocarvonem n/a 1191 0.7 0.6 1.3 

trans-dihydrocarvonem 1200 1200 1.3 0.6 0.4 

(3Z)-hexenyl 3-methyl butanoate 1239 1232 0.5 0.3 0.3 

pulegonem 1243 1233 0.3 0.2 - 

carvonem 1247 1239 3.0 1.7 4.1 

piperitonem 1257 1249 53.9 18.5 61.1

cis-piperitone epoxidem 1258 1250 0.7 0.2 - 

trans-piperitone epoxidem 1258 1252 0.5 - 0.2 

carvacrolm 1303 1298 3.3 2.3 2.1 

6-hydroxy-carvotanacetonem 1308 1309 1.0 - 0.5 

para-vinyl guaiacolm 1322 1309 0.3 0.2 0.2 

9-decenoic acid*FAD 1359 1359 0.8 0.2 - 

β-bourbonenes 1386 1387 1.2 0.6 0.9 

trans-caryophyllenes 1420 1417 4.7 2.4 5.6 

α-humulenes n/a 1452 0.7 0.6 - 

cis-muurola-4(14),5-dienes 1459 1465 0.6 0.7 0.5 

γ-muurolenes 1483 1478 3.4 2.0 3.6 

bicyclogermacrenes 1498 1500 0.5 - 0.6 

n-hexadecanoic acidFAD 1970 1951 0.4 0.6 - 

ethyl hexadecanoateFAD 1999 1992 0.6 1.6 0.6 

phytold 2118 2114 1.7 1.4 2.0 

cis-9,cis-12-octadecadienoic acid (linoleic acid)*FAD 2173 2132 0.9 2.3 0.8 

Sum of contents (%)   92.9 90.5 96.4

% (w/w) - mass percent defined by peak area percent determined by integration (GC-FID); m - monoterpenoids, s - sesquiterpenoids, d - dit-
erpenoids, FAD - fatty acids and fatty acid derivatives; KIE - Kovats (retention) index experimentally determined (AMDIS), KIL - Kovats 
(retention) index, literature data, n/a - not available, * - tentative identification
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ages. As a pure ingredient, pulegone may not be added 
to foodstuff. The low content of pulegone in the stud-
ied isolates could be considered as a premium criterion 
due to extremely toxic properties, especially a high 
abortive potential and possible carcinogenic effect for 
humans (17). On the basis of the content of certain 
components it can be concluded that the quality of the 
extract depends on the drying process. This is specifi-
cally valid with the use of the laboratory oven at 45°C. 
At higher temperature the decrease in the content of 
piperitone was noticed, as well as of limonene, cis-β-
ocimene, α-terpineol, carvone, β-bourbonene, trans-
caryophyllene and γ-muurolene.

The results of antimicrobial activity of M. longifo-
lia extracts and antibiotics against microorganisms are 
presented in Table 2.

Hand-made food products, which did not go un-
der a thermal process, are at risk of contamination by 
Staphylococcus spp., which proves the significance of ex-
amining the antimicrobial activity of extracts. It is well 
known that the antimicrobial activity is the result of 
the presence of terpenes and their common influences 
(18). The examined extracts have shown moderate to 
low antimicrobial activity. The most sensitive were 
Gram (+) bacteria: M. luteus, M. flavus, S. aureus and 
S. epidermidis. Mahboubi and Haghi (15) stress the 
significance of piperitone as the oil component which 
has shown the germicide and antimicrobial effect es-
pecially against the Gram (+) bacteria S. aureus, while 
the least sensitive were Gram (–) bacteria, especially 
Escherichia coli. The present study confirmed the anti-
fungal activity of Serbian M. longifolia extracts, as well. 

Table 2. Antimicrobial activity of M. longifolia extracts

 MIC
Microorganism Amp. Amk. Nys. ND LOD LTCD
 (µg/mL) (µg/mL) (µg/mL) (mg/mL) (mg/mL) (mg/mL) 

Micrococcus luteus
ATCC 9341 3.6 n.t. n.t. 0.8 0.8 0.8 

Micrococcus flavus
ATCC 10240 n.t. n.t. n.t. 1.6 1.6 1.6 

Staphylococcus aureus
ATCC 25923 4.8 n.t. n.t. 1.6 3.2 1.6 

Staphylococcus epidermidis 
ATCC12228 2.6 n.t. n.t. 1.6 1.6 1.6 

Enterococcus faecalis
ATCC 29212 4.0 n.t. n.t. 15.0 7.5 15.0 

Bacillus subtilis
ATCC 6633 3.2 n.t. n.t. 7.5 7.5 7.5 

Escherichia coli
ATCC 25922 6.4 n.t. n.t. 7.5 7.5 7.5 

Klebsiella pneumoniae
NCIMB-9111 8.6 5.2 n.t. 7.5 7.5 7.5 

Pseudomonas aeruginosa
 ATCC 27853 n.t. 12.5 n.t. 7.5 7.5 7.5 

Candida albicans
ATCC 10259 n.t. n.t. 3.8 7.5 7.5 7.5 

Candida albicans
ATCC 24433 n.t. n.t. 6.2 15.0 7.5 7.5 

n.t. - not tested, Amp. - Ampicillin, Amk. - Amikacin, Nys. - Nystatin



D.M. Stanisavljević, S.M. Ðordević, M.T. Milenković, et al.208

The results obtained for the antimicrobial activity of 
the extracts of M. longifolia provide a foothold to the 
possibility of its use as a natural preservative in non-
alcoholic drinks. It could help in addressing specific 
consumer needs as healthy diet is a part of the lifestyle 
that maintains or improves overall health.

Results of antioxidant activity, content of total 
phenolics and flavonoids of the non-alcoholic drink 
prepared with dry extract obtained from naturally 
dried herbs, are given in table 3.

Total antioxidant potential was 9.09±0.17 µmol 
Fe2+/mL (FRAP method). The capacity of neutralising 
of DPPH radical shighly reaches 36.69% for the base 
of beverages, and 93.58% for non-alcoholic beverages, 
and the obtained value for EC50, in the final product is 
(EC50=14.00±3.00 µL/mL). The product obtained by 
adding the extract of wild mint dried naturally gener-
ally presents the best characteristics in comparison to 
the other two drying processes. The highest antioxi-
dant activity was found for the ND extract (21.00±2.00 
µg/mL) while LOD and LTCD showed significantly 
weaker activity (36.00±4.00 and 33.00±1.00 µg/mL, 
respectively) (7).

In the test of sensory evaluation, the sample of a 
beverage with the extract of wild mint in concentration 
of 0.8 g/L was significantly better than the other sam-
ples (Table 4). Well accepted by every evaluator it won 
17.25 points, which is 86.25% out of maximum ideal 

value of 100%. The formulated product is light yel-
low and homogenous. It is of harmonic taste, typical, 
pleasant fragrance. The results of dry matter content 
13.9% and ethanol content 0.13% (V/V) are in ac-
cordance to quality demands prescribed by the Regula-
tion on quality for refreshing non-alcoholic beverages (14). 
Appreciating the results of FRAP and DPPH assays 
we can conclude that the addition of the extract to the 
finished product increases its antioxidant activity in re-
lation to the prepared base.

In the category of the evaluated, the juice ob-
tained from the addition of the extracts of wild mint 
dried naturally is the best of all others presented. 
However, it also has some failures, which should be 
removed. The highest individual mark ( X =3.61) it got 
for the sensory characteristic of quality (homogene-
ity) which is 90.25% of the maximum possible quality. 
Colour as the analyzed parameter of sensory quality 
was marked X =3.49 out of maximum 4, which is 
87.25% of the maximum possible quality. Sensory 
characteristics (fragrance and flavor), with the analysis 
of the product obtained X =4.21 and X =5.94 points of 
maximum 5 and 7, that is, 84.20% for fragrance 
and 84.85% for flavor of maximum quality. The experts 
showed disagreement when they evaluated fragrance 
when the coefficient of variation was 13.73, whereas 
they were in agreement when evaluated flavor of the 
juice.

Table 3. Antioxidant activity, content of total phenolics and flavonoids of the juice with the extract of M. longifolia

 FRAP DPPH Total phenolics, mg of Total flavonoids, mg
 µmol Fe2+/ mL  µL/mL gallic acid/mL of of rutin/ mL of
 of beverage   beverage beverage

 9.09±0.17 14.00±3.00 0.536±0.007 0.398±0.007

Table 4. Sensory evaluation of the juice with the extract of M. longifolia

Samples Concentration of the extracts Colour Homogeneity Fragrance Flavour Total
 of Wild mint (g/L)  max. 4 max. 4 max. 5 max. 7 max. 20

1. 0.6  2.90 3.25 3.20 5.35 14.70

2. 0.7  3.20 3.70 3.70 5.45 16.05

3. 0.8  3.49 3.61 4.21 5.94 17.25

4. 1.0  3.35 3.80 3.85 5.50 16.50

5. 1.2  3.10 3.55 3.40 5.40 15.45
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Preliminary results of the author, as well as the re-
sults presented in this work, indicate that drying tech-
nology of wild mint herb has a significant impact on 
the content of some compounds in the volatile fraction 
(essential oils or extracts). It is further reflected on the 
content of phenolics and flavonoids, the biological ac-
tivity of the isolates and the product (antioxidant and 
antimicrobial activity), as well as on the sensory prop-
erties of the product. Non-alcoholic beverage based on 
wild mint extract may have a preventive effect on hu-
man health.
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Summary. Backround: It is believed that eight astragalus speices of this study have rich vitamin contents. 
Purpose: To determine vitamin levels of eight Astragalus species in Turkey for the first time. Methods: 1 g seed 
was homogenised in solvent isopropanol/hexane/ (2:3 v/v) and was treated at 10.000 g along five minutes. 
Afterwards, at 40°C, extracts were treated on a rotary evaporator. Then, samples were prepared. All of analysis 
were conducted by HPLC. Seeds were dissolved in mobile phase (methanol/acetonitrile; 25/75 v/v) and were 
injected 50 μL. The temperature of analytical column was performed at 40 °C. Detection of retinol acetate and 
retinol were done at 320 nm, and the detection of D2, D3, α-tocopherol acetate, α-tocopherol, δ-tocopherol 
were done 215 nm for, detection of K1 was done 235 nm. Authentic external standard mixtures were used to 
detect the vitamins. The findings obtined from analysis were represented as μg/g. Results: beta carotene, gam-
ma tocopherol, vitamin D3 and retinol amounts of the Astragalus species were found to be quite high. High 
vitamin amounts of astragalus species provide the use of these plants in the treatment of various diseases. 
However, alpha tocopherol and vitamin K1 values   of astragalus species in the study were found to be lower 
than the other species belonging to other fabaceae. Conclusion: Vitamin contents of eight Astragalus species; 
Astragalus asterias Steven, Astragalus christianus L.,  Astragalus suberosus Banks & Sol., Astragalus barbatus 
subsp. Nanus Ponert,  Astragalus lagopoides Lam., Astragalus camptoceras Bunge ve Astragalus cretaceus Boiss. & 
Kotschy were determined.
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O r i g i n a l  a r t i c l e

Introduction 

The genus Astragalus L. (Fabaceae) is the rich-
est genus of Angiospermae in the world, distributed 
around semiarid steppic regions (1). Astragalus L. 
has two phylogenetic branches; one of them is Old 
World (Africa, Asia, and Europe) and the other one 
is New World (America). It has about 2000 taxa with 
136 sections in the Old World (2). It is represented 
by 478 taxa in 63 sections and 202 (42%) taxa en-
demic to the Turkish flora (3). 6 new endemic taxa 
were added to the Turkish flora in 2012 and 2018 
(4-9) and the number reached 484.

Astragalus species is as forage for livestock and 
wild animals, although some of them have been rec-
ognized as of use in foods, cosmetics, as substitutes 

for tea or coffee, or as sources vegetable gums (10). 
The widespread use of legumes makes this food group 
an important source of lipid, fatty acids and protein 
in animal and human nutrition (11). Thus, species 
of Leguminosae have received considerable atten-
tion and their biochemical components (protein, fat, 
fatty acids, flavonoids) have been investigated (12). 
Although the fatty acid compositions of some Turk-
ish Astragalus species were reported by different re-
searchers (13-17)  there  was no studies about the 
lipide-soluble vitamin contents of eight Astragalus L. 
taxa. Astragalus species did not find enough studies 
about sources of vitamin content increased the im-
portance of the research. Therefore, the aim of the 
present investigation is to determine the vitamin con-
tent of eight Astragalus L. taxa.
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Materials and methods

Study area
Study area was located on the East of Anatolian di-

agonal, in the skirts of South-Eastern Taurus Mountains, 
in the Upper Euphrates Region of the Eastern Anatolia 
Region (18). Elazığ (Fig. 1) belongs to the Iran-Turan 
Plant Geography Region and falls within the B7 grid 
square according to the Grid classification system devel-
oped by Davis (19). Elazığ Province is bounded to the 
East by Bingöl, to the West by Malatya, to the South by 
Diyarbakır, and to the North by Tunceli. It is situated 
between longitudes 40–38º East and latitudes 38–39º 
North. The county is 1067 m above sea level (20).

Plant materials
Field study was carried out over a period of ap-

proximately one years. During this period, eight vas-
cular Astragalus specimens were collected. The plants 

were pressed in the field and prepared for identifica-
tion. Plants were identified using the standard text, 
“Flora of Turkey and the East Aegean Islands” (19) 
and were compared with the specimens in Firat Uni-
versity Herbarium. The names of plant families were 
listed in alphabetic order. Scientific names of plant 
species were identified according to the International 
The Plant Name Index: http://www.theplantlist.org. 

Extraction of plant materials
1 g seed was homogenised in solvent isopropanol/

hexane/ (2:3 v/v) (21) and was treated at 10.000 g 
along five minutes. Afterwards, at 40°C, extracts were 
treated on a rotary evaporator. Then, samples were pre-
pared based on the method of Sánchez-Machado (22). 

HPLC analysis of vitamins 
All of analysis were conducted by HPLC. Seeds 

were dissolved in mobile phase (methanol/acetonitrile; 
25/75 v/v) and were injected 50 μL. The temperature of 
analytical column was performed at 40 °C. Detection of 

Table 1. Localities of studied Astragalus taxa
Plant 
No

Plant species Voucher 
specimen

Locality and altitude

1 Astragalus asterias Steven 3020 Elazig Firat University campus 1060 m

2 Astragalus christianus L. 3002 Elazig Baskil, Belhan village 1520 m

3 Astragalus suberosus Banks & Sol. 3040 Elazig Firat University campus 1060 m

4 Astragalus barbatus subsp. nanus (DC.) Ponert 4129 Elazig Baskil, Bolucuk village 1600 m

5 Astragalus lagopoides Lam. 1917 Elazig Baskil, Kayabeyli village 1430 m

6 Astargalus camptoceras Bunge 3030 Elazig Firat University campus 1060 m

7 Astragalus cretaceus Boiss. & Kotschy 3234 Elazig Baskil, Hacimustafa village 1800 m

8 Astargalus aduncus Willd. 3010 Elazig Baskil, Kayabeyli village 1450 m

Figure 1. Geographical location of the study area.
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retinol acetate and retinol were done at 320 nm, and the 
detection of D2, D3, α-tocopherol acetate, α-tocopherol, 
δ-tocopherol were done 215 nm for, detection of K1 was 
done 235 nm. Authentic external standard mixtures were 
used to detect the vitamins (23). The findings obtined 
from analysis were represented as μg/g.

Results and discussion

In the study, vitamin contents of eight Astragalus 
species; Astragalus asterias Steven, Astragalus chris-
tianus L., Astragalus suberosus Banks & Sol.,  Astragalus 
barbatus subsp. Nanus (DC) Ponert, Astragalus lagopo-
ides Lam., Astragalus camptoceras Bunge, Astragalus cre-
taceus Boiss. & Kotschy and Astargalus aduncus Willd.
were determined. The lipide-soluble vitamin contents 
of studied Astragalus species were given table 2. 

A large amount of beta carotene (β-carotene) was 
found in Astragalus asterias Steven species (1927,03 
μg/g). Similarly, β-carotene was found in Astragalus 
suberosus Banks & Sol. (795,9 μg/g), Astragalus chris-
tianus L. (538,23 μg/g) and Astragalus lagopoides Lam. 
(360,57 μg/g). However in a study, 18 genotypes of the 
Fabaceae family, the highest amount of beta carotene 
was reported as 0,41 μg/g (24). The amount of beta 
carotene in some species in the present study is signifi-
cantly higher than this value.

When the amount of gamma tocopherol 
(γ-tocopherol) was examined, the highest amount 
was determined in Astragalus aduncus Willd.  (1486,45 
μg/g).  Different amounts of gamma tocopherol were 
measured in the species such as Astragalus subero-
sus Banks & Sol. (1230,95 μg/g), Astragalus lagopoides 
Lam. (574,0 μg/g) and Astragalus camptoceras Bunge 
(495,39 μg/g). These values   are higher than the maxi-
mum amount of gamma tocopherol 95.3 μg/g in a pre-
vious study (25).

In the study, R-tocopherol and D2 were not 
found in eight Astragalus species, whereas vitamin D3 
was found in all Astragalus species. The most biologi-
cally active form of vitamin D in humans is vitamin 
D3 (cholecalciferol), which is a fat-soluble steroid 
(26). In this study, the highest amount of vitamin D3 
was found in Astragalus christianus L. (18,97 μg/g) 
while the lowest amount of Astragalus asterias Steven 
(1,61 μg/g) was measured. These values   are higher than 
the maximum amount of vitamin D3 0,06 μg/100g in 
a previous study (27). 

The level of α-tocopherol acetate was measured at 
the highest level of Astragalus christianus L. (3,43 μg/g) 
but not found in Astragalus camptoceras Bunge and 
Astragalus cretaceus Boiss. & Kotschy species. Alpha 
tocopherol (α-tocopherol) was detected in different 
amounts of all Astragalus species. The amount of alpha 
tocopherol was highest in Astragalus aduncus Willd.  

Table 2. Lipide-soluble vitamin amounts of Astragalus species

Lipide-soluble vitamins (μg/g)

Taxa  Taxa β-carotene γ-tocopherol R-tocopherol D2 D3 α-tocopherol α-tocopherol 
acetate

K1 Retinol Retinol 
acetate

Astragalus asterias 
Steven

1927,03 - - - 1,61 3,01 1,4 0,07 - -

Astragalus christianus L. 538,23 - - - 18,97 5,95 3,43 0,07 0,42 0,3

Astragalus suberosus 
Banks & Sol. 

795,9 1230,95 - - 15,82 12,46 1,47 0,91 0,49 0,77

Astragalus barbatus subsp. 
nanus (DC) Ponert 

- - - - 4,48 6,16 0,63 - 0,07 0,01

Astragalus lagopoides Lam. 360,57 574 - - 10,92 12,95 1,96 - 0,35 0,42

Astragalus camptoceras 
Bunge 

- 495,39 - - 13,23 2,38 - - 0,07 0,07

Astragalus cretaceus 
Boiss. & Kotschy

- - - - 3,85 4,13 - - 0,14 0,07

Astragalus aduncus 
Willd.

- 1486,45 - - 4,06 20,85 0,42 - 0,07 0,14
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type (20,85 μg/g). However, in a study, the amount of 
alpha tocopherol was found to be approximately 89.4 
μg/g in many species of Fabaceae, and it was signifi-
cantly higher than the species in present study (25). 

 Small amounts of vitamin K1 were found 
in Astragalus asterias Steven, Astragalus christianus L. 
and Astragalus suberosus Banks & Sol. species, while 
vitamin K1 was not measured in other Astragalus spe-
cies. In a study, vitamin K1 value in species of fabaceae 
found to be 1,839 μg/g (28). This value is higher than 
the vitamin K1 values   of all Astragalus species in the 
present study.

Retinol (0,07-0,49 μg/g) and retinol acetate 
(0,07-0,77 μg/g) were found in small amounts in As-
tragalus species. The highest amounts of these vitamins 
were found in the Astragalus suberosus Banks & Sol. 
species (retinol 0,49 μg/g, retinol acetate 0,77 μg/g), 
while could not be detected in Astragalus asterias Ste-
ven species. In a study of 18 genotypes belonging to 
Fabaceae family, the highest amount of retinol was de-
termined as 0,0441 μg/g (24). The amount of retinol in 
most species in the present study is significantly higher 
than this value.

In the study, vitamin levels of eight Astragalus 
species were determined for the first time. The plants 
belonging to eight Astragalus species in this study were 
compared with other plants belonging to Fabaceae 
family. Beta carotene, gamma tocopherol, vitamin D3 
and retinol amounts of the species in the present study 
were found to be quite high. High vitamin amounts of 
Astragalus species in the study provide the use of these 
plants in the treatment of various diseases. However, 
alpha tocopherol and vitamin K1 values   of Astragalus 
species in the study were found to be lower than the 
other species belonging to other Fabaceae.
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Preharvest and postharvest treatments for increasing the rate of 
ripening of date palm fruit (Phoenix dactylifera L.) cv. Medjool
Ibrahim Kahramanoglu, Serhat Usanmaz
European University of Lefke, Cyprus - E-mail: ibrahimcy84@yahoo.com

Summary. Date palm (Phoenix dactylifera L.) is an important subsistence crop for regions having water scarcity prob-
lems, however it requires significant amount of heat for ripening of the fruits; and fruits do not ripen on the tree in 
some climatic regions. This study aimed to hasten the ripening process of date fruits cv. Medjool by some preharvest 
and postharvest applications. Three doses (500, 750 and 1,000 ppm) of Ethephon, two controls and apple vinegar 
(4-5% acidity) were used in the preharvest studies with or without bunch bagging (perforated black polyethylene 
bags). Postharvest experiments were conducted with visually mature firm (Khalal) fruits of the cv. Medjool, and are 
subjected to i-) dipping into distilled water; ii-) dipping into Ethephon 500 ppm; iii-) dipping into Ethephon 750 
ppm; iv-) dipping into apple vinegar (4-5 % acidity); v-) dipping into grape vinegar (4-5 % acidity); and vi-) freez-
ing at -18°C for 3 days. Results showed that bunch bagging enhances fruit ripening on the tree, increase fruits’ total 
soluble solids (TSS) and reduce titratable acidity (TA) at both Tamr and Khalal stages. Preharvest application of 
1,000 ppm Ethephon (with bunch bagging) found to have highest ratio of Tamr (37%) and Rutab (46%) fruits where 
preharvest apple vinegar application had slight effect on the fruit ripening (12% Tamr) as compared with control 
(8% Tamr). On the other hand, postharvest application of apple vinegar, freezing at -18°C and grape vinegar found 
to enhance fruit ripening and the percentage of Tamr fruits were determined as 100%, 100% and 92% respectively. 

Key words: ethephon, bunch bagging, apple vinegar, grape vinegar, freezing
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O r i g i n a l  a r t i c l e

Introduction 

Nearly ¾ of the earth’s surface consists of water, 
however only less than 1% of this amount is available 
for drinking and irrigation (1). On the other hand, hu-
man induced climate change reported to cause impacts 
on ecosystems, water resources and human nutrition 
(2). Water scarcity is an emerging problem for the earth 
(3) and for Cyprus (4). Therefore, to overcome these 
challenges, it is crucial for considering different types 
of agricultural adaptation, including crops with high ir-
rigation use efficiency (5). Date palm (Phoenix dactyl-
ifera L.) is a drought tolerant crop which is known as 
an important subsistence crop for regions having water 
scarcity problems (6). 

Date palm fruits include certain essential minerals 
and vitamins; and contain carbohydrates, lipids, proteins 

and dietary fiber (7). On the other hand, pharmacologi-
cal studies noted that date palm fruits have high antioxi-
dant capacity (8), anti-diabetic characteristics (9), an-
tiviral activities (10) and anti-inflammatory properties 
(11). Medjool is a premium variety in the international 
market where it was reported to have large size fruits 
and excellent sensory qualities (12,13). The agronomic 
conditions in Cyprus are ideal for growing date palms 
including Medjool variety. However, although it is an 
early-maturing variety, total heat units are not enough 
in Cyprus for the ripening of Medjool varieties on the 
tree. Date can be harvested at three different stages: 
mature firm (Khalal), half ripe (Rutab) and fully ripe 
(Tamr). At the mature firm (Khalal) stage, the fruits 
have high amount of soluble tannins and they are as-
tringent. Therefore, removal of tannins is required for 
making the fruits edible. Dates require cross pollination 
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and the pollination does not occur at the same time on 
the different trees, even at the same bunch. Thus, several 
harvests are necessary (14)

Early maturing date palm trees require at least 
1,800 heat summation units (HSU) on the base of 18°C, 
where most of them need 2,600 HSUs for ripening of 
the fruits on the tree (15,16). Some agro climatic condi-
tions i.e. Northern Cyprus do not supply the required 
amount of heat unit for the date palm fruits for ripening 
on the trees. Only about 10-20% of the total date fruits 
cv. Medjool is reported by farmers in Northern Cyprus 
to be ripen on the tree, in which the remaining un-ripe 
fruits cause important economic loss. Date palm fruits 
mainly ripen in August to September in Northern Cy-
prus, and decrease in temperatures occurring after Sep-
tember cause failure in ripening. Researchers reported 
that bunch bagging, by increasing the accumulation of 
heat units at the surrounding environment of the date 
palm fruits, and abscisic acid (1 mM) application hasten 
ripening in date palm fruits (17). It was also noted that 
ethephon application (500-1,500 ppm) induces ripen-
ing in date palm fruits cv. Zaghloul and cv. Samani (18) 
and cv. Helali (17). Al-Juburi et al. (19) reported that 
effectiveness of ethephon sprays differ in different cli-
matic conditions. Therefore, this study aimed to hasten 
the ripening process of date fruits cv. Medjool by some 
preharvest and postharvest applications. 

Materials and Methods

Preharvest applications
Preharvest studies were conducted at the Research 

and Application Farm of the European University of 
Lefke, near Güzelyurt city (35°11’10.23” N, 32°58’22.24” 
E, altitude 23 m a.s.l.) during the 2018 season. Thirty-six 
uniform 6-years old cv. Medjool date palm trees were se-
lected for this study. Bunches of the all trees were hand 
pollinated with the same male flowers of a same tree dur-
ing March. Preharvest treatments were arranged in a split-
plot design with two main factors (no bagging and bunch 
bagging with perforated black polyethylene bags) and six 
treatments combined with each main factors. Treatments 
were as follows: control-1, control-2, Ethephon 500 ppm, 
Ethephon 750 ppm, Ethephon 1,000 ppm and apple vin-
egar (4-5% acidity). Each treatment replicated three times 

(one tree per replication). Bunch bagging (with 48 perfo-
rations) and spraying of ethephon was performed 4 weeks 
after fruits entered into Khalal stage (on 3rd of September 
2018). Studies were continued for 35 days and the treat-
ments, except control-2, were finalized on 8th of October 
(when daily heat summation units decreased to 2 C at the 
base of 18°C; and rains started). During this period, the 
Tamr fruit in each bunch of each treatment were periodi-
cally counted, collected and weighed. The control-2 treat-
ment was continued until 28th of October, when the heat 
summation unit (HSU) decreased below zero (at the base 
of 18°C) and heavy rains started. At the end of the experi-
ments, all fruits were harvested and categorized as mature 
firm (Khalal), half ripe (Rutab: softening more than 25%) 
and fully ripe (Tamr). Total 20 Tamr and 20 Khalal fruits 
per tree (replication) were randomly selected for quality 
measurements. Fruit weight (g), fruit diameter (mm) and 
fruit length (mm) were measured independently for each 
fruit. A homogenous juice sample was prepared from each 
replication of each treatment for the determination of to-
tal soluble solids (TSS) and acidity. Hand refractometer 
was used to measure the total soluble solids (TSS) as % 
Brix and titratable acidity (TA: g/100 g of malic acid) was 
evaluated according to AOAC (20) by titrating juice sam-
ples with 0.01 N NaOH until the end-point of pH 8.1. 

Postharvest applications
Postharvest experiments were conducted with visu-

ally mature firm (Khalal: full yellow colored) fruits of the 
cv. Medjool, which were collected from a single date palm 
tree received regular cultural practices (neither bunch bag-
ging nor Ethephon application) at the same orchard. The 
harvested Khalal fruits were immersed in water and ones 
which settled at the bottom were referred to as mature 
fruit; thus the experiments were continued with those 
fruits (approximately 95% of the fruits settled bottom). 
Fruits were subjected to six different treatments. The five 
of the six treatments are as follows: i-) dipping into dis-
tilled water under ambient conditions for 30 minutes; ii-) 
dipping into ethephon 500 ppm under ambient condi-
tions for 3 minutes; iii-) dipping into ethephon 750 ppm 
under ambient conditions for 3 minutes; iv-) dipping into 
apple vinegar (4-5 % acidity) under ambient conditions 
for 30 minutes; and v-) dipping into grape vinegar (4-5 
% acidity) under ambient conditions for 30 minutes. The 
final treatment of the postharvest experiments was keep-
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ing the fruits under -18°C for 3 days. Each treatment was 
replicated three times (12 fruit/replicate). Each fruit was 
sorted and numbered; and the fruit weight was noted. All 
the treated fruits were kept under ambient conditions (25 
±1°C and 50-65% relative humidity) for 9 days for ripen-
ing. During this period, number of half ripe (Rutab: sof-
tening more than 25%) and fully ripe (Tamr) fruits were 
periodically noted. Fruit weight (g), color, TSS and TA 
were measured at the end of the experiments, as described 
above. 

Effects of the applications on the fruit color was 
determined according to the formula of Konica Mi-
nolta (21). To measure the CIE L*a*b* colors of the 
samples, a mini light box (width:22 cm, lenght:30 cm, 
height:22 cm) was modified from Kim et al. (22) to 
isolate ambient light effects (Figure 1). One LED light 
was used to provide light to the mini light box with 5 
V supply through a 220 Ω current limiting resistor. A 
smartphone (Samsung Galaxy S6) was placed on top 
of the light box and picture of the samples, both before 
and after ripening experiment, were captured 22 cm 
above the samples. The CIE L*a*b* colors of the fruit 
samples were then read on Photoshop CS6. The L* in-
dicates lightness, a* indicates the red/green coordinate, 
and b* refers the yellow/blue coordinate. The differ-
ences (Deltas: Δ) between the color values (ΔL*, Δa* 
and Δb*) were calculated according to the following 
formulas, developed by Konica Minolta (21): 
•	 ΔL* (L* after - L* before) = positive result (+) means 

“after” is lighter, negative result (-) means “after” is 
darker

•	 Δa* (a* after - a* before) = positive result (+) means “af-
ter” is redder, negative result (-) means “after” is greener

•	 Δb* (b* after - b* before) = positive result (+) means “af-
ter” is yellower, negative result (-) means “after” is bluer

Afterwards, above results were used in the fol-
lowing formula to calculate total difference (Delta E: 
ΔE*), which is always positive: 

ΔE* =√{(ΔL*)2 + (Δa*)2 + (Δb*)2 }

Data analysis
SPSS 20.0 software was used to perform analy-

sis of variance (ANOVA) to analyze the data. Sepa-
ration of the means of different treatments was then 
performed by Tukey’s (HSD) multiple range test at 
P≤0.05. 

Results
Preharvest studies 

Heat summation units (HSUs) of the growing area 
during the studies were calculated on the base of 18°C 
and 10°C separately, and are given in Table 1. Flower-
ing of the date palm trees began during mid-March. 
According to the climatic data, daily heat units were 
negative until the 23th of March, which was noted as the 
first day of flowering for this experiment. The preharvest 
applications of present study were performed 4 weeks 
after fruits entered into Khalal stage (on 3rd of Septem-
ber 2018). The total HSUs at the time of preharvest ap-
plications on the base of 18°C and 10°C, were calculated 
as 964 and 2,284, respectively. The experiments were 
performed with two controls, and one of the controls 
(control-2) was continued until the daily heat summa-
tion unit (HSU) decreased below zero (at the base of 
18°C) and heavy rains started. At that time, HSU on 
the base of 18 and 10°C, were calculated as 1,279 and 
3,039, respectively. Both HSUs are below the thresholds 
reported for cv. Medjool as 1,800 and 3,440 (16,23) and 
this result supports the findings of present study while 
ripening ratio of the control treatments were very low 
on the tree (Figure 2). 

Results given in Figure 2. suggest that bunch bag-
ging enhanced fruit ripening in both control and other 
treatments. It was also observed that bunch bagging 
increased the ratio of Rutab fruits. The lowest ratio of 
the Tamr fruits were obtained from control-1 with-
out bunch bagging and followed by control-2 with-
out bunch bagging. No statistical difference was de-

Table 1. Heat summation units of the growing area from flowering till the end of the experiments

Duration HSU on the base of 18°C HSU on the base of 10°C

From flowering till the preharvest applications 964 2,284

From flowering till the end of control-1 and experiments 1,209 2,809

From flowering till the end of control-2 1,279 3,039
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termined between these two treatments. The highest 
ratio of Tamr and Rutab fruits were obtained from the 
1,000 ppm Ethephon application with bunch bagging. 
Other two lower doses of Ethephon (500 ppm and 750 
ppm) and apple vinegar were also found to slightly in-
crease the Rutab and Tamr ratio. 

Pomological measurements showed that all applica-
tions, including bunch bagging, had significant influence 

on the fruit weight, fruit diameter and fruit length of Tamr 
and Khalal fruits (Table 2). The highest fruit of weight at 
Tamr fruits was obtained from 500 ppm Ethephon appli-
cation without bunch bagging, while the lowest obtained 
from control-2 with bunch bagging. Significant differ-
ences were obtained between the bunch bagging and no 
bagging for all pomological measurements. Bunch bag-
ging was found to reduce the fruit weight, fruit diam-
eter and fruit length of Tamr fruits, while it was noted to 
increase these at Khalal fruits. Applications of Ethephon 
were also found to increase fruit weight, fruit diameter 

Figure 1: 3D printed drawing of mini light box.

Figure 2: Effects of different preharvest treatments on the 
ripening of date palm fruits cv. Medjool

Table 2. Effects of different preharvest treatments on the fruit weight, fruit diameter and fruit weight of date palm fruits cv. Medjool
Treatments Fruit weight Fruit diameter Fruit length

Tamr Khalal Tamr Khalal Tamr Khalal

No bagging Control-1 11.2 ab 14.3 de 19.5 bc 23.7 d 34.3 a 39.7 bc

Control-2 10.8 b 14.0 e 19.1 bc 23.1 d 33.5 a 39.3 c

Ethephon 500 ppm 12.0 a 14.2 e 20.1 b 23.0 d 33.1 a 37.0 d

Ethephon 750 ppm 11.8 ab 17.1 a 22.9 a 26.3 a 33.6 a 39.3 c

Ethephon 1,000 ppm 10.8 b 15.5 bc 19.9 b 23.8 cd 34.0 a 43.2 a

Apple Vinegar 8.6 c 11.0 g 18.9 bc 21.3 e 33.7 a 37.2 d

Bunch 
bagging

Control-1 7.5 cde 16.2 ab 15.7 e 24.8 b 31.2 bc 43.2 a

Control-2 7.1 e 15.9 bc 15.3 e 24.4 bc 30.7 c 42.5 a

Ethephon 500 ppm 7.3 de 16.9 a 17.3 d 24.6 b 32.9 ab 41.0 b

Ethephon 750 ppm 8.3 cd 17.0 a 20.1 b 26.2 a 34.2 a 39.0 c

Ethephon 1,000 ppm 7.5 cde 15.2 cd 18.4 cd 23.7 cd 32.6 ab 42.6 a

Apple Vinegar 7.6 cde 12.8 f 20.2 cd 23.5 cd 33.4 a 36.2 d

No bagging / Average 10.9 ** 14.4 ** 20.1 ** 23.5 ** 33.7 ** 39.3 **

Bunch bagging / Average 7.6 ** 15.6 ** 17.8 ** 24.5 ** 32.5 ** 40.8 **

Values followed by the same letter or letters within the same column are not significantly different at 5% level (Tukey’s HSD multiple range 
test). Comparison of the no bagging and bunch bagging were done with independent samples t-test; and ** used to show significant differences 
at 99% and ns referred non-significant. 
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and fruit length at both Tamr and Khalal stages. As ex-
pected, fruit weight, fruit diameter and fruit length were 
found to decrease from Khalal stage to Tamr stage, which 
represents the ripening of the fruits. 

Treatments rather than bunch bagging found to have 
no significant effects on the total soluble solids (TSS) and 
titratable acidity (TA) of fruits (Table 3). Bunch bagging 
found to increase TSS of fruits at both Tamr and Kha-
lal stages, however to reduce the TA contents of fruits at 
both Tamr and Khalal stages. Increase in TSS and de-
crease in TA are the signs of ripening and this result sup-
ports the other findings of present study, where bunch 
bagging found to enhance ripening. On the other hand, 
clear difference was found for the TSS and TA contents 
of the fruits between Khalal and Tamr stages. TSS in-
creased from 29.5-31.9% to 65.0-68.7% during ripening 
and TA decreased from 1.14-1.32% to 0.14-0.23%.  

Postharvest studies 
Preharvest studies revealed that the date palm fruits 

cv. Medjool do not ripen on the tree in Northern Cy-
prus. Furthermore, postharvest studies were conducted to 
hasten ripening of the fruits. At the time of treatments, 
all fruits were in the Khalal stage. One day after applica-

tion, all fruits which were subjected to freezing at -18°C 
showed ripening and entered into the Rutab stage (Fig-
ure 3). Around 15% of the fruits which were subjected to 
grape vinegar and 10% of the fruits which were subjected 
to apple vinegar also showed ripening and observed in 
Rutab stage. No changes observed in control and 500 
ppm Ethephon applications, where only 3% of the fruits 
which were subjected to 750 ppm Ethephon moved into 
Rutab stage. At the 3rd day after application, all fruits 
of the freezing treatment found to be fully ripen (Tamr 
stage). Apart from the freezing treatment, 5% of the fruits 
of apple vinegar treatment showed full ripening. Ripen-
ing hastened 5 days after the applications of apple and 
grape vinegar and Ethephon applications. However, the 
effects of vinegars were much higher than the Ethephon 
applications. 22% of the control fruits also showed slight 
ripening and moved from Khalal stage to Rutab stage. 
However, no change observed on the control fruits after 
that. At the 9th day of applications, all fruits belonging to 
apple vinegar treatment and 92% of the fruits of grape 
vinegar treatment were fully ripened. Percentage of fully 
ripen (Tamr) fruits were found to be 33% and 50% for 
the applications of 500 ppm and 750 ppm Ethephon, re-
spectively. The Khalal fruits in all treatments, including 

Table 3. Effects of different preharvest treatments on the total soluble solids (TSS) content and titratable acidity (TA) of date palm 
fruits cv. Medjool
Treatments TSS (% Brix) TA (g/100g of Malic acid)

Tamr Khalal Tamr Khalal

No  bagging Control-1 65.0 b 29.5 b 0.21 ab 1.28 b

Control-2 65.2 b 29.7 b 0.21 ab 1.27 b

Ethephon 500 ppm 65.2 b 29.2 b 0.21 ab 1.28 b

Ethephon 750 ppm 65.3 b 29.5 b 0.22 ab 1.27 b

Ethephon 1,000 ppm 65.2 b 29.7 b 0.22 ab 1.28 b

Apple Vinegar 65.5 b 29.8 b 0.23 a 1.32 a

Bunch bagging Control-1 68.7 a 31.8 a 0.14 cd 1.14 c

Control-2 68.5 a 31.9 a 0.14 cd 1.15 c

Ethephon 500 ppm 68.3 a 31.2 a 0.14 cd 1.15 c

Ethephon 750 ppm 68.3 a 31.3 a 0.14 cd 1.18 c

Ethephon 1,000 ppm 68.7 a 31.3 a 0.14 cd 1.15 c

Apple Vinegar 68.5 a 31.5 a 0.16 c 1.18 c

No bagging / Average 65.2 ** 29.6 ** 0.22 ** 1.28 **

Bunch bagging / Average 68.5 ** 31.5 ** 0.14 ** 1.16 **

Values followed by the same letter or letters within the same column are not significantly different at 5% level (Tukey’s HSD multiple range 
test). Comparison of the no bagging and bunch bagging were done with independent samples t-test; and ** used to show significant differences 
at 99% and ns referred non-significant. 
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control, started to show drying and deterioration at the 
9th day after applications. 

At the time of postharvest applications to the fruits, 
all fruits were in Khalal stage and there were no signifi-
cant differences among the weights of the fruits (Table 
4). During the 9 days of storage/ripening, fruit weight 
in all treatments decreased. It was observed that the 
fruits treated with grape vinegar decreased more; and 
had significant difference from the other fruits. When 
comparing the percent (%) reductions in fruit weight, 
it was again observed that the highest reduction (26%) 
was occurred at the fruits treated with grape vinegar. It 
was followed by the applications of apple vinegar, con-
trol, freezing and Ethephon. These data are parallel to 
the results of ripening, except control treatment. Results 
suggest that decrease in fruit weight is not always a re-
sult of ripening, but might be a cause of deterioration. 

Table 5 shows the TSS and TA of the fruits from 
Khalal and Tamr stages, 9 days after treated with differ-

Figure 3: Effects of different postharvest treatments on the 
ripening of date palm fruits cv. Medjool

Table 4. Effects of different postharvest treatments on fruit weight of date palm fruits cv. Medjool

Treatments First weight Final weight Percent (%)  
Reduction in weight

Control 18.08 a 14.14 ab 21.4% bc

Freezing at -18°C 16.89 a 13.58 ab 19.4% cd

Apple Vinegar 17.58 a 13.61 ab 22.5% b

Grape Vinegar 17.94 a 13.28 b 26.0% a

Ethephon 500 ppm 16.78 a 13.56 ab 19.0% cd

Ethephon 750 ppm 17.81 a 14.44 a 18.3% d

Values followed by the same letter or letters within the same column are not significantly different at 5% level (Tukey’s HSD multiple 
range test).

Table 5. Effects of different preharvest treatments on the total soluble solids (TSS) content and titratable acidity (TA) of date palm 
fruits cv. Medjool
Treatments TSS (% Brix) TA (g/100g of Malic acid)

Khalal Tamr Khalal Tamr

Control 35.0 c ** 53.5 d ** 0.82 a ** 0.39 a **

Freezing at -18°C N/A 60.5 c ** N/A 0.28 b **

Apple Vinegar N/A 67.3 a ** N/A ** 0.25 bc **

Grape Vinegar 48.0 b ** 65.5 ab ** 0.45 b ** 0.26 b **

Ethephon 500 ppm 53.3 a ** 65.2 b ** 0.38 c ** 0.22 d **

Ethephon 750 ppm 53.7 a ** 65.3 ab ** 0.36 c ** 0.23 cd **

Values followed by the same letter or letters within the same column are not significantly different at 5% level (Tukey’s HSD multiple range 
test). Comparison of the Khalal and Tamr fruits were done with independent samples t-test; and ** used to show significant differences at 99% 
and ns referred non-significant. N/A means not applicable. 
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ent treatments. Results showed that there is a signifi-
cant difference between the TSS of fruits at Tamr stage. 
Highest TSS measured from the fruits treated with 
grape vinegar. This treatment was also found to have the 
highest ripening ratio. Freezing at -18°C was also one of 
the best treatments for having highest percentage of ful-
ly ripened fruits, but fruits of this treatment had lower 
TSS than the other treatments. This might be due to the 
short period of ripening. Results suggest that, even the 
fruits are in same stage (Khalal or Tamr), the treatments 
highly influence TSS of the fruits. The TA of the fruits 
were found to decrease during ripening and significant 
difference was obtained among the treatments. Highest 
TA at the Tamr fruits were obtained from control fruits 
and the lowest from the Ethephon applications. The TA 
of the fruits treated with grape vinegar and Ethephon at 
Khalal stage was also found to decrease as compared to 
control treatments. This shows the biochemical changes 
in the fruit body which did not turned into pomological 
changes and did not resulted with ripening. 

Postharvest treatments found to have different ef-
fects on the fruit color, as in fruit ripening (Figure 4). 
ΔL* of the fruits treated with different treatments found 
to have negative results which indicates the darkness. 
The fruits treated with grape vinegar, apple vinegar and 
750 ppm Ethephon found to be darker than the oth-
ers. These results are parallel to the ripening results. The 
fruits treated with freezing at -18°C found to be lighter 
than the fruits treated with apple vinegar. Results sug-
gested that as the fruits ripen, darkness increases. Δa* 
values of the fruits were found to be positive and Δb* 
values of the fruits were noted as negative. These results 
showed that fruits become redder and bluer during rip-
ening. All treatments found to have higher values than 

the control. Total color difference (ΔE*) was found to be 
highest at the fruits treated with apple vinegar (57.81) 
and followed by grape vinegar (52.82). The ΔE* of the 
control fruits was found to be lowest and measured as 
23.76. 

Discussions

Preharvest studies 
It is well known phenomena that fruit trees require 

a certain amount of heat energy for growing, develop-
ing, flowering and/or ripening of the fruits. The math-
ematical expression of this energy is referred as heat 
summation unit (HSU) and is the sum of daily average 
temperature (°C) minus the base temperature of 18°C. 
It is calculated with the temperatures from flowering 
to harvesting. Swingle (15) reported that date palms 
require at least 1,833 HSUs (above 18°C) for matura-
tion of the fruits. Numerous researchers noted that the 
HSUs are differing among the different varieties (24,25) 
and 1,800 HSUs are required to ripen early bearing cul-
tivars and 2,600 HSUs are ideal for ripening many of 
them (16,26). There are a few studies conducted for the 
HSU requirements of cv. Medjool, but it is reported 
to be an early fruit bearing cultivar with around 1,800 
HSUs (at the base of 18°C). On the other hand, Mertia 
and Kumawat (23) reported that cv. Medjool requires 
about 3,440 HSU for maturation, but the calculations 
were at the base of 10°C. In present study, two con-
trol treatments were tested (with two different time of 
harvesting) and ripening on the tree was found to be 
around 10% for both treatments. The HSUs for these 
treatments (on the base of 18°C) were calculated as 
1,209 and 1,279, where both are far below the threshold 
reported as 1,800. The HSUs (on the base of 10°C) were 
measured as 2,809 and 3,039 which are also below the 
thresholds reported as 3,440 by Mertia and Kumawat 
(23) for cv. Medjool. All of these results supports the 
findings of present study where the ripening ratio on 
the tree (without any treatments) had been found to be 
below 10%.

Results of present study showed that bunch bag-
ging increased the ratio of Tamr and Rutab fruits of cv. 
Medjool. The highest ratio of Tamr and Rutab fruits 
were obtained from the 1,000 ppm Ethephon appli-

Figure 3: Effects of different postharvest treatments on the 
ripening of date palm fruits cv. Medjool
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cation with bunch bagging. Other two lower doses of 
Ethephon (500 ppm and 750 ppm) and apple vinegar 
were also found to slightly increase the Rutab and Tamr 
ratio. Results also showed that during ripening, from 
Khalal to Tamr, fruits lose weight and volume. The total 
soluble solids (TSS) and titratable acidity (TA) contents 
of the fruits also changed during ripening, while TSS 
increased and TA decreased as suggested by Ahmed et 
al. (27). Total soluble solid contents of Tamr fruits of 
present study were found to be similar with the find-
ing of Salomon-Torres et al. (28) who reported 67.5% 
Brix when pollinated with itself. Muralidhara et al. (29) 
reported that fruits physiologically firm at Khalal stage 
and have its maximum weight and size; thus noted that 
bunch bagging improves ripening of date palms by in-
creasing heat accumulation around the fruits. Fruits 
starts to soften and lose weight in Rutab stage mainly 
because of polygalacturonase and betagalactosidase 
(30). Glasner et al. (31) reported that as fruits soften 
and ripen, they start to lose tannins and gain sugars 
which increase TSS. The removal of astringency might 
be associated with the higher respiration due to heat ac-
cumulation; which increase CO2 concentration around 
to fruits and lead acetaldehyde production (17). Higher 
doses of preharvest applied Ethephon was also found 
to improve ripening of date fruits, as agreed with Awad 
(17), and Al-Saif et al. (32) and disagree with the find-
ings of Al-Juburi et al. (19). No previous studies noted 
for the effects of apple vinegar and/or grape vinegar on 
the ripening of the date palm fruits. However, previ-
ously Kader and Hussein (33) reported that acetic acid, 
which is the primary acid in apple and grape vinegar, is 
used postharvest to enhance ripening of date fruits. 

Postharvest studies 
Postharvest tests of present study found to be very 

effective in ripening of the date palm fruits cv. Med-
jool. Highest efficacy obtained from freezing at -18°C 
treatment and apple vinegar application, and followed 
by grape vinegar and Ethephon applications. Previously 
Kader and Hussein (33) reported that postharvest ap-
plied acetic acid and freezing enhance ripening, but no 
information was given about the required duration and 
their influence on the TSS and TA. Present study also 
showed that the application of grape vinegar signifi-
cantly influences and increases the TSS. The treatments 

also found to influence the TSS and TA of the un-ripe 
Khalal fruits too. Previously Rouhani and Bassiri (34) 
reported that Ethephon application slightly affects fruit 
ripening. Awad (17) also noted that postharvest applied 
Ethephon and abscisic acid significantly enhance fruit 
ripening of cv. Helali. Matsuo and Ito (35) reported 
that Ethephon reacts with the tannins and form a non-
astringent insoluble gel which promotes ripening. Post-
harvest treatments found to have different effects on the 
fruit color, as in fruit ripening. L* and b* values found to 
decrease and a* values found to increase during ripening. 
Similarly, Alhamdan et al. (36) reported that freezing 
enhances fruit ripening, decreases L* and b* values and 
increases a* values of cv. Barhi dates. Changes in color 
is closely related with the ripening stage of the fruits. 
Hazbavi et al. (37) also noted that storage time enhanc-
es ripening and reduce the lightness of date palm fruits. 

Conclusions

Results of present study showed that heat sum-
mation unit (HSU) on the basis of 18°C was 1,279 
in Northern Cyprus and is not enough for date palm 
fruits cv. Medjool to fully ripen on the tree. It was 
observed that bunch bagging enhances fruit ripen-
ing. Bunch bagging was also found to increase TSS 
of fruits at both Tamr and Khalal stages, however to 
reduce the TA contents of fruits. Preharvest applica-
tion of 1,000 ppm Ethephon found to have highest 
ratio of Tamr and Rutab fruits where preharvest apple 
vinegar application had slight effect on the fruit ripen-
ing. On the other hand, postharvest application of ap-
ple vinegar, grape vinegar and freezing at -18°C were 
found to enhance date fruit ripening. Postharvest Eth-
ephon application was also found to enhance ripening 
of the date palm fruits but the efficacy found to be less 
than 50%. It was also found that Tarm fruits are darker 
(negative ΔL* values), redder (positive Δa* values) and 
bluer (negative Δb* values) than the Khalal fruits. 
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In Vivo evaluation of therapeutic potential of heart of date 
palm extract on lipid profile and thyroid hormones in normal 
male wistar rats
Dina Trabzuni
Department of Food and Nutrition Sciences, King Saud University, Riyadh-11495, Kingdom of Saudi Arabia

Summary. Objective: Reports exist on the use of Phoenix dactylifera as hypolipidemic, hypoglycemic or antiox-
idant but broad search in the literature revealed absence of studies on the effect of heart of date palm (HDP) 
on lipid profiles and thyroid hormone and to the best of our knowledge this is the first research carried out 
to investigate the effect of heart of date palm extract (HDP) on lipid profiles and thyroid hormones. Method: 
Extract of heart of date palm was prepared by mixing 50 gram of finely powdered heart of palm flour with 
400 ml distilled water. Sixty healthy male albino rats were divided into ten groups, comprising of six rats in 
each group. One group was kept as control while other 9 group was divided into three batches of Sukkari, 
Naboat Saif, Solleg. Each batch has three groups served with 1, 2 and 3 ml of HDP. After the completion 
of the experimental period (60 days) blood samples were collected from rat’s heart. Total Cholesterol, HDL 
Cholesterol, Triglycerides, Triodothyronine (T3), Thyroxin (T4) and TSH were determined for all groups. 
Result: HDP produced significant beneficial effect in the lipid profile of treated rats by significantly reducing 
total cholesterol and increasing HDL. LDLc, VLDLc and triglycerides also decreases with most of the treat-
ment with some variations. Value of T3 and T4 significantly decreased, while the value of TSH significantly 
increased after treatment with HDP.  Naboat Saif as compared to other two varieties (Sukkari and Solleg); 
exhibited better response towards lipid and thyroid hormones. Conclusion: This study shows that HDP sup-
plementation may benefit management of lipid profile and thyroid hormones.
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O r i g i n a l  a r t i c l e

Introduction 

Date palm (Phoenix dactylifera L.) is a monocoty-
ledonous woody perennial belonging to the Arecaceae 
family. It is considered as the oldest plant cultivated in 
hot and dry climate as Arabian Peninsula, Africa, Mid-
dle East and Asia and comprises 200 genera and 3000 
species (1). Kingdom of Saudi Arabia (KSA) has more 
than 23 million date palm trees and over 320 varieties 
with annual earning of over 500 million USD (2). It is 
one of the most important fruit crop in the KSA (3) and 
the importance of this kind of trees in that region refers 
to the nutritional value of the dates which is considered 
as a major human food (4,5). In today’s world scien-

tists and researchers are focusing more on natural plant 
products all over the world and various results have 
shown the massive potential of medicinal plants used 
traditionally (6). Various studies have shown beneficial 
effect of dates fruits, leaves and pits on health. They are 
considered to protect against many chronic diseases in-
cluding cancer and heart diseases (7-9) and possess anti 
diabetic (10, 11), antimicrobial activity (12, 13), anti-
inflammatory effect [14], antidiarrheal effects (15).

Heart of palm is a creamy white cylinder of vari-
able length extracted from several palm genera and spe-
cies (16, 17). It is a gourmet vegetable basically com-
posed of the apical meristem of the palm and also the 
part of the young or immature leaves emerging from 
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the meristem and this edible meristem is normally con-
sumed in soups and salads (16). A study has been done 
previously on chemical composition, minerals and anti-
oxidants of different kind of hearts of date palm (HDP) 
from Saudi Cultivars (18) and they reported moisture 
as the predominant component (ranged from 80.44%-
82.82%). Sucrose was predominant in sugar and ranged 
from 7.65%-82.82%, while the predominant mineral 
was potassium, sulphur and chloride. Furthermore this 
study illustrated that solleg had a higher total phenolic 
and flavonoid contents (56.05 mgGAE/100 gm and 
6.82 MG QE/100 gm). Previous study on heart of palm 
shows that it contains unsaturated fatty acids, minerals 
(Zn, Fe, Mg, P, Mn, Ca, Cu, Na, K and Se) and crude 
fiber (19). Synthetic drugs are quiet expensive and shows 
adverse side effects. In contrast to this natural products 
are affordable and effective and good remedy in the 
treatment/management of diseases (20, 21). In addition 
to nutritional value and antioxidant effect (22, 23) many 
studies have shown the therapeutic effect of dates ( 24, 
25,26), but to the best of our knowledge this is the first 
research carried out to investigate effect of HDP con-
sumption (locally called as Al-Guomar) on metabolic 
response such as lipid profiles and thyroid hormones in 
male Wistar rats. Due to lack of any data and informa-
tion on effect of heart of date palm on lipid and thyroid 
hormone, the authors compared their results with data 
available on dates fruits, leaves or pits. 

Materials and methods

Collection of samples and Preparation
Samples of Sukkari, Naboat Saif, and Solleg (Sau-

di date palm varieties), consisting of leaves and stems 
were procured from Agricultural Experimental Station 
at Derab in Riyadh, King Saud University. HDP was 
peeled by an experienced staff affiliated to plant produc-
tion department (Faculty of Food and Agriculture Sci-
ences), considering minimal losses in heart of date palm 
tissue. After removing plant debris, HDP samples were 
washed with tap water and then freeze dried (Alpha 1-2 
LDplus, Germany) and finely powdered in food grinder 
(National, MK-G30NR, Japan). Powdered HDP sam-
ples were passed to 60 mesh sieves and the flour was 
stored in air tight container at 4°C for further analysis.

Preparation of heart of palm (HDP) extract
Fifty gram of finely powdered heart of palm flour was 
mixed with 400 ml distilled water. The mixture was 
stirred for one hour and then filtered with cheese cloth 
to obtain a clear filtrate. The extract was prepared daily 
and used immediately in the rat bioassays (18).

Experimental design 
Experimental Animals Center, College of Phar-

macy, King Saud University provided sixty healthy 
male albino rats weighting between 180-200 grams. 
This study was conducted in accordance with research 
policies of the King Saud University Research Centre. 
Rats were housed individually under standard labora-
tory condition, light and dark cycles of 12h, in a poly-
propylene cages and allowed free access to commercial 
diet and water ad libilum for two months under strictly 
controlled pathogen free conditions with room tem-
perature (25±2ºC), humidity (50±5%). Commercial 
rodent chow diet was obtained from grain silos and 
flour mills, Riyadh Saudi Arabia. Stainless steel oral 
feeder was used to administer orally heart of palm ex-
tract to each rat at fixed time of the day, and with the 
specified volume of each extract. The initial weights 
of the rats and the weights every week were recorded. 
Sixty rats were randomly divided into ten groups, com-
prising of six rats in each group as discussed in Table 1.

Blood sample Collection
After the completion of the experimental period 

(60 days) blood samples were collected from heart of 
each rat after 12 hour fasting in lithium heparin tube. 
It was centrifuged at 3500 rpm for 10 minutes in meg-
afuge and immediately plasma samples were prepared. 
After centrifugation supernatant was separated and 
stored at -80°C (U725-80 Freezers, New Brunswick, 
Massachusetts, United States) for further analysis.

Biochemical analyses
Lipid profile

High density lipoprotein kit (REF 041) was ob-
tained from United Diagnostic Industry. This method 
was based on a non HDL precipitation followed by an 
enzymatic detection. Cholesterol (REF 024) and Tri-
glycerides (REF 059L) kits were also obtained from 
United Diagnostic Industry. Enzymatic colorimetric 
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method was used for the determination of cholesterol 
and triglycerides (27, 28).The assays were performed 
according to the manufacturer’s instruction. LDL cho-
lesterol was calculated using following formula (29):
LDL Cholesterol (mg/dl) =Total cholesterol-HDL 
cholesterol- Triglycerides/5 

Thyroid hormone 
For the quantitative determination of triodothyronine 
(T3), thyroxin (T4) and TSH, Chemiluminescent mi-
cro particle immune assay was performed in the sam-
ples. Architect assays kit used for determination of 
triodothyronine (T3), thyroxin (T4) and thyroid stim-
ulating hormone (TSH) kit was obtained from Abbot, 
Ireland (30, 31).

Statistical analysis 
SPSS statistical software package was used to an-

alyze the data. Data were expressed as mean ±standard 
deviation. The differences among the dietary treatment 
groups were analyzed by one way ANOVA at a sig-
nificance level of p ≤ 0.05; and if significant differences 
were found, a Post-hoc analysis using Duncan’s multi-
ple range tests was performed.

Results and discussions

Effect of heart of date palm extract (HDP) on lipid profiles 
in normal wistar rats

Results of the impact of the consumption of dif-
ferent kind of HDP extract on lipid profiles (total cho-
lesterol HDLc, triglycerides and LDLc) are presented 
in Table 2. HDP produced significant beneficial effect 
in the lipid profile of treated rats by significantly re-
ducing total cholesterol and increasing HDL. LDLc, 
and triglycerides also decreases with most of the treat-
ment with some variations. Maximum effect of HDP 
treatment on LDLc and triglycerides has been ob-
served in group 7 i.e rats treated with 3 ml extract of 
Naboat Saif but the least value of total cholesterol was 
observed in group 6 i.e rats treated with 2ml extract of 
Naboat Saif. Highest value of HDLc was observed in 
in group 3 i.e rats treated with 2ml extract of Sukkari.

Table 1. Groups of experimental animals

Group No Sample No: of rats Amount of extract 
consumed (ml)

1 Control 6 3 ml distilled water

2 Sukkari 6 1

3 Sukkari 6 2

4 Sukkari 6 3

5 Naboat Saif 6 1

6 Naboat Saif 6 2

7 Naboat Saif 6 3

8 Solleg 6 1

9 Solleg 6 2

10 Solleg 6 3

Table 2. Effect of different kind of heart of palm extract (HDP) on lipid profiles

Group No: Sample Total cholesterol 
(mg/dl)

HDL Cholesterol  
(mg/dl)

Triglycerides  
(mg/dl)

LDL Cholesterol  
(mg/dl)

1 Control 73.11a ±11.098 27.22ef ±2.734 46.33e ±5.368 36.72d ±1.526

2 Sukkari (1ml) 61.61e ±11.723 26.50fg ± 2.526 44.50f ±4.199 34.28f ±1.674

3 Sukkari (2ml) 65.50cd± 10.913 33.83a ±3.148 58.50a ±5.943 40.28b ± 3.045

4 Sukkari (3ml) 65.00d ±6.240 28.50d±2.526 48.17d ± 4.370 35.22e ± 3.622

5 N Saif (1 ml)* 61.50e ± 6.167 30.06c±2.460 51.83c ±4.033 38.89c ±2.055

6 N Saif (2 ml)* 61.06e ± 6.458 30.72c ±2.469 52.33c±4.409 39.17c ± 5.159

7 N Saif (3 ml)* 57.83f ±5.401 25.78g ±2.157 42.50g ±3.365 32.33g ± 2.744

8 Solleg (1 ml) 70.44b ± 7.905 31.89b ±2.139 54.50b ±4.007 41.22a± 3.533

9 Solleg (2 ml) 67.00c ± 10.466 27.39df ±3.147 47.39de ±5.147 34.33f ±1.815

10 Solleg (3 ml) 69.94b ± 9.142 26.78efg ±1.477 44.56f ±2.007 34.61f ± 1.577

Data are expressed as the mean ± standard deviation; Model ANOVA, p values < 0.05 are significant. Superscript abc indicate significant 
differences among various groups as indicated by ANOVA followed by Duncan’s multiple range test. N Saif- Naboat Saif
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Effect of heart of date palm extract (HDP) on thyroid hor-
mones in normal wistar rats

Table 3 depicts the thyroid hormone status of 
control and HDP groups. In control group TSH, 
T3 and T4 has been found to be 0.017 mg/100 ml, 
0.486 mg/100 ml, and 3.90 mg/100 ml respectively. A 
significant effect of HDP has been found on thyroid 
hormone. Value of T3 and T4 significantly decreased, 
while the value of TSH significantly increased after 
treatment with HDP.  Highest TSH (0.060 mg/100 
ml) was observed in Sukkari (3ml) group, while lowest 
T3 and T4 were found in Naboat Saif (2 ml) (0.397 
mg/100 ml) and Naboat Saif (3 ml) (3.21 mg/100 ml) 
respectively.

Discussions 

Comprehensive exploration in the review of lit-
erature have shown dearth of studies investigating the 
effect of HDP on lipid profiles and thyroid hormone 
and to the best of our information this is the first study 
carried out to identify the effect of HDP extract on 
lipid profiles and thyroid hormones and such curtail 
make it difficult to discuss the result but it can be valu-
able to expand opportunities of thinking and ideas 
for further research in this field. During the past few 
decades, the eminence of herbal medicine has attained 
ground all over the world and witnessed a tremendous 
surge in acceptance which is mainly due to the faith 

that besides being cheap and locally available; herbal 
drugs are safe without any side effects (32, 33, 34). 
Date palm (Phoenix dactylifera L.) is very significant 
fruit crops in the palmacea family. Every part of this 
tree has its own uses. The influence of customary diet 
on lipid metabolism is a vital factor determining vul-
nerability to heart disease. Enhanced knowledge of the 
complexity of nutrient-disease relationships has shift-
ed the framework for CVD prevention from a focus 
on macronutrient content of diets to foods and dietary 
patterns (35).

HDL and LDL are the two major groups of 
plasma lipoproteins involved in lipid metabolism and 
the exchange of triglycerides and cholesterol, choles-
terol ester between tissues (36, 37). Addition of date 
to the diet of rats decreases plasma triglycerides and 
cholesterol and it is most likely facilitated by inhibi-
tion of absorption of dietary fats, cholesterol and bile 
acids (38). Erstwhile; studies have revealed that abnor-
malities of lipid and lipoprotein play substantial part in 
the pathogenesis and progression of CVD (39, 40). In 
controlled clinical trials almost 1.5% reductions in the 
incidence of coronary heart diseases has been observed 
after just 1% reduction in total and LDL cholesterol 
concentration (41).

Al Saif et al. (42) reported significant hypolipi-
demic effect of date diet in rats. Trabzuni et al. (18) 
in their previous study reported high content of to-
tal phenol and total flavonoid and 91%, 88% and 80% 
DPPH radical scavenging activity of Solleg, Naboat 

Table 3: Effect of different kind of heart of palm extract (HDP) on thyroid hormones

Group No Sample TSH (mg/100 ml) T3 (mg/100 ml) T4(mg/100 ml)

1 Sukkari (1ml) 0.049c ± 0.048 0.483a ± 0.061 3.42ef ± 0.357

2 Sukkari (2ml) 0.050c ± 0.004 0.446b ±0.044 3.57de ±0.250

3 Sukkari (3ml) 0.060b ±0.007 0.437bc ±0.050 3.72bcd ± 0.285

4 Naboat Saif (1 ml) 0.017a ± 0.005 0.412cd ± 0.052 3.75bcd±0.199

5 Naboat Saif (2 ml) 0.012a ±0.005 0.397d ±0.034 3.94ab±0.263

6 Naboat Saif (3 ml) 0.023d ± 0.045 0.401d ±0.102 3.21f ±0.236

7 Solleg (1 ml) 0.018a ± 0.010 0.446b ±0.050 3.84bc± 0.312

8 Solleg (2 ml) 0.027d ± 0.009 0.452b ± 0.045 3.94ab±0.275

9 Solleg (3 ml) 0.019a ±0.013 0.424e± 0.053 3.64cde ±0.429

10 Control 0.017a ±0.087 0.486a ±0.051 3.90ab±0.201

Data are expressed as the mean ± standard deviation; Model ANOVA, p values < 0.05 are significant. Superscript abc indicate significant 
differences among various groups as indicated by ANOVA followed by Duncan’s multiple range test.
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Saif and Sukkari respectively. Flavonoids in the HDP 
might also play a role in boosting the activity of leci-
thin acyl transferase which regulates blood lipids (43). 
Chaira et al. (44) reported that flesh and pits extracts 
of date palm fruit have free radical scavenging activi-
ties, and the significant effect of palmito extract on 
serum total lipid level could be attributed to the anti-
oxidant potentials of palmito extract. 

In the present study, concentration of HDLc sig-
nificantly increased and this upsurge may be due to 
change in HDL composition which increases larger 
more cholesterol rich lipoprotein called HDLc and 
decreases the typical protein rich HDL (42). Coro-
nary heart disease is strongly related to decrease in the 
concentration of high density lipoprotein cholesterol 
and increase in the LDLc. HDL can act as an accep-
tor of cellular cholesterol, scavenges extra cholester-
ol from peripheral tissues by lipid-poor apoA-I and 
HDL that is mediated by lipid transporter molecules 
and supply it to the liver for ultimate excretion into 
the feces as neutral sterols or bile acids and this role of 
HDL has been shown to be responsible for its athero 
protective properties (45,46). Long term use of anti 
hyperlipidemic drugs has been associated with few 
adverse effects, most importantly gastrointestinal up-
sets, general weakness, hepatic enzyme elevation and 
headache (47,48) and so herbal medicines can be bet-
ter substitute.

Thyroid hormones (thyroxine (T4) and Trii-
odothyronine (T3)) are involved in the regulation of 
innumerable body functions such as reproduction, 
carbohydrate and lipid metabolism and oxygen con-
sumption and any alteration in their normal levels 
leads to abnormalities (49). Follicular cells from free 
tyrosine and tyrosine residues of the protein called 
thyroglobulin synthesizes T4 (50) and almost 80% of 
the T4 gets converted to T3 by peripheral organs such 
as the liver, kidney and spleen (51). Trabezuni et al. 
(18) in their study mentioned that  total flavonoids and 
phenols are the important pharmaceutical compounds 
of  HDP and besides that, it also  contains, carbohy-
drates, calcium salts, magnesium, zinc, potassium and 
even traces of iodine. The flavonoids can decrease thy-
roid hormones levels in various ways such as through 
inhibiting the activation of type 1 deiodinase that is 
specifically activated by TSH, through inhibiting thy-

roperoxidase and also by preventing the mineraliza-
tion of iodine in the thyroid cells (52, 53). Presence of 
phenolic and flavonoid compounds may reduce both 
thyroid iodide uptake and thyroid peroxidase activity, 
which may be the reason for the observed depressing 
effect of HDP extract on thyroid hormones levels in 
normal rats. Similar result was reported previously by 
El Kaslan et al. (54) in normal rats after treatment 
with date palm pollen. Since HDP includes calcium 
and magnesium, it can contribute to fabricating and 
therefore increasing TSH as a mediator of second 
messenger via calcium-phosphatidylinositol mecha-
nism (55, 56). Meanwhile; thyroid hormones play sig-
nificant role in the pathogenesis of numerous diseases 
and any alteration in thyroid hormones levels can have 
hazardous effects on body physiology so it is necessary 
to conduct further studies on the effects of plants and 
their compounds on thyroid hormone secretion rates.

Conclusion

This study revealed that consumption of heart of 
date of palm as dietary component can be beneficial 
for lipid or thyroid control but more studies are re-
quired to assess its ameliorative role in hyperlipidemic 
and hyperthyroidism models and to expand vision into 
its possible mechanism of action and corroboration of 
these effects on animal and human models.
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Physicochemical and antimicrobial effects of gelatin-based 
edible films incorporated with garlic peel extract on the 
rainbow trout fillets
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Summary. Influence of gelatin-based edible films incorporated with garlic peel extract (GPE) with concen-
tration of 4% and 8% (by volume per mass of gelatin) on the microbiological, sensorial and physicochemical 
quality of rainbow trout fillets during refrigerated storage at 4±1 °C were evaluated. Gelatin films enriched 
with GPE retarted the total mesophilic and total psychrophilic bacteria, and Enterobacteriaceae counts dur-
ing the storage period. Compared to control samples, lipid oxidation was delayed in the samples wrapped with 
gelatin films incorporated with GPE, especially in concentration of 8%. The sensory results are correlated 
with physicochemical and microbiological results. The shelf-life of rainbow trout fillets was found 5 days for 
control and the fillets wrapped with gelatin film without GPE, respectively, while the shelf life of fish was 10 
days for the fillets wrapped with gelatin film incorporated with GPE. According to results of the study, the 
incorporation of GPE into gelatin film could enhance the both antimicrobial and antioxidative characteristics 
of the film. Therefore, gelatin film enriched with GPE efficient in maintaining the qualities of the rainbow 
trout fillets during refrigerated storage.
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O r i g i n a l  a r t i c l e

Introduction 

Fresh fish is one of the most important product 
due to its high nutritional value such as high level 
of omega-3 fatty acids, proteins and vitamins. How-
ever, it is one of the most perishable product which 
is susceptible to both microbiological and chemical 
deterioration during storage (1). Therefore,  mainte-
nance the freshness of fish with favorable preservation 
techniques is required. Temperature-based preserva-
tion techniques such as chilling and freezing had beed 
used in fish and fish products (2). With the increasing 
demand for high quality product with the extended 
shelf-life and minimal processing has promoted the 
development of several innovative techniques (3). 

Edible films and coatings are a promosing trend 
in the last years to improve the shelf-life of perish-

able food products and to answer reliable product 
demands of the consumers (4,5). In addition, edible 
films and coatings can prevent lipid oxidation, color 
deterioration and enhance the product quality (6) by 
acting as moisture, oxygen, carbon dioxide or vapour 
barriers (7). Nowadays, there is an increasing attention 
to use of edible films incorporating with essential oils 
and plant extracts with antioxidant and antimicrobial 
properties. 

Garlic (Allium sativum L.) is a popular food in-
gredient and also has been used as a medicine to treat 
various human diseases from time immemorial (8,9). 
Additionally, garlic has higher concentrations of phe-
nolic compounds compared with other vegetables (10). 
In general, garlic is consumed as fresh, however, dried 
garlic slices and powder find approval in recent years as 
well (11). Because of the discarded peels after process-
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ing and the consumption of garlic, massive garlic peel 
become one of the promising by-product. In recent 
years, evaluation of food by-products as a natural anti-
oxidant and antimicrobial agent is gaining importance 
due to their inexpensiveness and simple extraction 
processes.  Ifesan et al. (12) reported that ethanolic ex-
tract of garlic peel extract (GPE) demonstrated both 
antioxidant and antibacterial activities in cooked beef. 
There is very limited study on the evaluation of GPE. 
Additionally, there is no information on the incorpora-
tion of gelatine based edible film and GPE.  Therefore, 
the objective of this investigation was to evaluate the 
effects of gelatin-based film incorporated with GPE 
on the chemical, sensorial and microbiological proper-
ties of rainbow trout (Oncorhynchus mykiss) fillets dur-
ing storage at 4 oC.

Material and Methods

Extraction of garlic peels
Garlic peels (GPs) were collected from the lo-

cal markets in Nigde, Turkey. After washed twice in 
tap water, the peels were dried at 45 oC for 48 h and 
ground into powder with a blender. For the extraction 
procedure, the method of Ifesan et al. (12) was used. 
GPs powder and etanol solvent (80 %) were stirred 
(1:10, g:mL) in a flask for 24 h. After extraction pro-
cedure, the garlic peel extracts (GPE) were filtered and 
concentrated by using rotary evaporator (IKA, HB-10 
digital, Germany)  at 45 °C under vacuum.

Preperation of gelatin films
Gelatin films were prepared according to method 

of Gomez-Estaca et al. (13) with slight modifications. 
Gelatin (food grade, Zag kimya, Turkey) dissolved in 
distilled water (8 g/100 mL) at room temperature. 
Then glycerol (0.1 mL per g of gelatin) and D-sorbitol 
(0.15 g per g of gelatin) were added to the solution and 
kept at 45 oC for 15 min. Garlic peel extract (GPE) 
was added to the film solution in concentration of 4 
% and 8 % (by volume per mass of gelatin). 40 mL of 
the film solutions were poured into square polystyrene 
foam dishes in order to obtain films. All the film solu-
tions were put into cabin for drying at room tempera-
ture for 48 h at 50 % relative humidity.  

Preperation of samples
Rainbow trout (Oncorhynchus mykiss) fillets 

were provided from a fish farm in Niğde, Turkey and 
transported to the laboratory in ice boxes. They were 
washed after gutted, beheaded and filletted. The av-
erage weight and length of fish were 199.92±13.96 
g and 17.44±1.29 cm, respectively. Two fillets were 
obtained from each fish. The fillets were divided into 
four groups. The fish fillets were wrapped according to 
Ahmad et al. (14) method with slight modifications. 
Dried gelatin films were peeled from the foam dishes 
and both sides of films were sterilized under UV for 10 
min. First fish group was coated with gelatin film 0 % 
GPE (G0), second group was coated with gelatin film 
4 % GPE (G4), third group was coated with gelatin 
film 8 % GPE (G8) and the last group left as con-
trol without wrapping. Each fillet was coated on both 
sides. Then, each sample wrapped with strech film and 
stored at 4±1 oC for 10 days.

Physicochemical analysis
For the determination of pH value,  the probe of 

the pH-meter (Thermo Scientific Orion 2-star, Ger-
many) was dipped into the fish homogenatas prepared 
with distilled water (1:1, w:v) (15).

Total volatile basic nitrogen (TVB-N) was deter-
mined according to Schormüller (16). 10 g homoge-
nized fish sample was washed into the distillation flask, 
and 1 mg magnesium oxide was added. Samples were 
boiled and distilled into 10 mL of 0.1 mol equi/L HCl 
solution in a 500 mL conical flask with addition of 
tashiro-indicator. After distillation, the the flask were 
titrated with 0.1 mol equi/L NaOH. TVB-N results 
were expressed as mg nitrogen/100 g sample.

Peroxide value (PV) was determined according 
to method of AOAC (17). Approximately 2 g sample 
was stirred with 30 mL of solution including 3 chlo-
roform:2 glacial acetic acid (v/v). After then 1 mL of 
saturated potassium iodide (KI) solution was added. 
The mixture was stored in a dark place for 5 min. Later 
on, 75 mL of distilled water was added and the mixture 
was titrated with sodium thiosulfate (Na2S2O3) (0.1M) 
with the addition of starch solution as an indicator. 
The results were calculated as meq O2/kg.

Thiobarbituric acid reactive substances (TBARS) 
analysis was conducted using the method of Tarladgis 
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et al. (18). 10 g of fish sample was steam distilled with 
2.5 mL HCl: distilled water (1:2). 5 mL of the distil-
late was mixed with 5 mL thiobarbituric acid (TBA) 
solution (0.288 g/100 mL). Then the mixture put in 
the water bath at 110 °C for 35 min for the color reac-
tions. The absorbance was measured with a UV–VIS 
spectrophotometer at 538 nm against a blank contain-
ing distilled water and TBA solution. The results were 
expressed as mg malonaldehyde/kg fish flesh.

Microbiological analyses
Fish sample (10 g) was mixed with 90 mL pre-

chilled sterile ringer solution. Further decimal serial 
dilutions were used from this homogenate. For the de-
termination of total psychrophilic bacteria and total vi-
able counts Plate Count Agar (PCA) was used. Then 
the plates were incubated at 8 oC for 7 days and 37 oC 
for 24-48 h, respectively. For the Enterobacteriaceae 
determination, pour plating method was used in Violet 
Red Bile Agar (VRBA) and the plates incubated at 37 
oC for 36-48 h. 

Sensory analysis
For the sensory evaluation the method of Amerina 

et al. (19) was used with slight modification. Eight ex-
perienced panellists were evaluated the sensory charac-
teristics of fish samples in terms of odour, texture, color 
and general acceptance by use of a nine-point hedonic 
scale. A score of 9-7 indicated ‘‘very good’’, a score of 
6.9-4.0 ‘‘good’’, a score of 3.9-1.0 denoted as spoiled.

Statistical analysis
All measurements were performed in triplicate 

and analysis was carried out using the SAS software 
(Statistical Analysis System, Cary, NC, USA). Vari-
ance analysis (ANOVA) was used to evaluate the data 
and 5% significance level of Duncan’s test was based to 
compare the differences between means of parameters.

Results and Discussion

pH value
pH value of the rainbow trout fillets wrapped 

with gelatine films incorporated with GPE and with-
out GPE during storage at 4 oC for 10 days is shown 

in Table 1. The initial pH of the rainbow trout fillets 
was determined as 6.35. pH of the control samples was 
significantly (P<0.05) higher than those of the samples 
wrapped with gelatin film and increased to 7.18 at the 
end of the storage. Baygar et al. (20) reported that the 
pH value is between 6.0-6.5 in fresh fish. Additionally, 
according to Ludorf and Mayer (21) the acceptable 
limit of pH value for fresh fish is between 6.8 and 7.0. 
Generally, pH value of the all samples showed increase 
at the end of the storage and reached 6.76, 6.88 and 
6.67 in the group G0, G4 and G8, respectively. It was 
reported that the accumulation of alkaline compounds 
such as ammonia and TMA, etc. results in the increase 
in pH value (22). Alparslan et al. (23) reported an in-
crease in pH of rainbow trout fillets wrapped with gel-
atin film enriched with laurel essential oil and reached 
6.61 at the end of the storage (26th day). They observed 
lower pH values in the fillets wrapped with gelatin film 
containing laurel esseantial oil. Fadiloglu and Coban 
(24) determined the initial pH of rainbow trout fil-
lets treated with chitosan coating as 7.07 and finally 
increased to 7.77 after 12 days. In the present study, 
the lower increase in the pH value of rainbow trout 
fillets wrapped with gelatin film incorporated with 8% 
GPE was observed compared with unwrapped groups 
(P<0.05). 

Total volatile basic nitrogen (TVB-N)
TVB-N is widely used as an indicator of the qual-

ity of fresh fish. TVB-N content of rainbow trout fil-
lets coated with and without gelatin film (gelatin film 
or GPE film) during storage is shown in Table 1. At 
the beginning of the storage, TVB-N value of fresh 
fish was 18.2 mg N/100 g and showed increase in all 
groups during the storage period. It was observed that 
the control group demonstrated significantly (P<0.05) 
higher values than those of the samples coated with 
gelatin film incorporated with GPE. At the end of the 
storage, TVB-N values reached 42.70, 39.90, 34.30 
and 30.10 mg N/100 g in control, G0, G4 and G8 
groups, respectively. It was suggested that TVB-N 
content in freshly caught fish is typically between 5 
and 20 mg N/100 g, and TVB content of 30-35 mg 
N/100 g is usually regarded as the limit of acceptabil-
ity for fish (25). Control and G0 groups exceeded the 
limit value at the 5th and 7th day of the storage, where-
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as fillets wrapped with gelatin film containing GPE 
reached unacceptable limit at the end of the storage. 
During the storage period, significantly (P<0.05) low-
er TVB-N values were found in G4 and G8 groups 
compared to the control and G0 samples. The increase 
of TVB-N is related to the the activity of spoilage bac-
teria and endogenous enzymes (26). This shows that 
the TVB-N results are related to microbiological find-
ings. Similar studies reported that, fish fillets coated 
with edible films containing different concentrations 
of extracts and essential oils showed lower TVB-N 
values compared to uncoated samples during storage 
period (14, 23, 24). 

Peroxide value (PV)
Lipid oxidation is the main cause of fish spoilage 

after microbial growth. Yuan et al. (27) reported that the 
application of edible films and coatings with incorpation 
of antioxidants represents a new approach to solve oxi-
dation problem in food products. Peroxide value (PV) is 
a measurement of peroxides and hydroperoxides which 
are the primary oxidation products (28). The effect of 
gelatin film on the changes of PV of rainbow trout fil-
lets is represented in Table 1. At the beginning of the 
storage PV in the fillets was determined as 2.0 meq O2/
kg and increased with the storage time in all samples. 
At the end of the storage, PV of the rainbow trout fillets 
reached 8.99, 8.74, 6.99 and 5.49 meq O2/kg in control, 
G0, G4 and G8 groups, respectively. Control group ex-
hibited higher value of PV than those of the samples 
coated with gelatin film. Significantly (P<0.05) lower 
PV was observed in the rainbow trout fillets wrapped 
with gelatin film incorporated with GPE. Varlık et al. 
(29) reported that a PV of less than 2 meq O2/kg fish as 
“very good,” up to 5 meq O2/kg as “good,” and 8-10 meq 
O2/kg as at acceptability limit. According to literature, 
control group and the samples wrapped with gelatin 
film without the addition of GPE exceeded this limit 
value at day 5, while the samples wrapped with gelatin 
film containing 4% and 8% exceeded limit value at day 
7 and 10, respectively. Similar results were observed in 
rainbow trout fillets coated with chitosan and gelatin 
film (23,24). In this study, incorporation of 8% GPE 
and gelatin film was much more effective in retarding 
the lipid oxidation of rainbow trout fillets during refrig-
erated storage.

Thiobarbituric acid reactive substance (TBARS) 
Thiobarbituric acid reactive substances (TBARS) 

is an index of lipid oxidation which is widely used 
for the evaluation of secondary lipid degree (30). The 
initial TBARS value of rainbow trout fillet was 0.45 
mgMDA/kg and increased in all samples during the 
storage priod (Table 1). TBARS values of the control 
and the samples coated with gelatin film without GPE 
were higher than those of the samples wrapped with 
gelatin film incorporated with GPE. At the end of 
the storage TBARS values of the rainbow trout fillets 
were found as 1.38, 1.42, 1.25 and 1.11 mgMDA/kg 
in control, G0, G4 and G8 samples, respectively. Dur-
ing the storage, fish fillets wrapped with gelatin film 
containing 8% GPE showed significantly (P<0.05) 
lower TBARS value. The results of TBARS revelaed 
that lipid oxidation in rainbow trout fillets could be re-
tarded with the use of gelatin film enriched with GPE. 
Similar results were observed by Ahmad et al. (14) 
who described the delay of lipid oxidation in sea bass 
slices coated with gelatin films combined with lem-
ograss essential oil (LEO) as a result of the antioxidant 
property of LEO. In the present study, it can be sug-
gested that gelatin film incorporated with GPE could 
show low oxygen permeability due to antoxidant char-
acteristics of GPE. Alparslan et al. (23) observed the 
the initial TBARS value of rainbow trout fillets as 0.03 
mgMDA/kg and they reported lower TBARS value in 
the samples coated with gelatin films containing lau-
rel essential oil. Martinez et al. (31) reported 0.62 mg 
MDA/kg of TBARS value for seabass at the begin-
ning. Alsaggaf et al. (28) found lower TBARS value 
of Nile tilapia coated with chitosan film incorporated 
with pomegranate peel extract and TBARS value of the 
coated fish ranged between 0.21 and 0.32 mgMDA/
kg during 30 days storage. It was reported that edible 
films and coatings serve as barriers against water vapor, 
gases, and flavor compounds and improving structural 
integrity and mechanical-handling properties of foods 
(32). Jeon et al. (30) observed that chitosan-coating 
reduced moisture loss and lipid oxidation of Atlantic 
cod and herring. Addition of GPE into the gelatin film 
enhanced the antioxidant property of gelatin film and 
showed lower TBARS value in the rainbow trout fillets 
than that of the uncoated samples.
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Microbiological analyses 
Total viable count (TVC) of rainbow trout fillets 

wrapped without and with films (gelatin film or GPE 
film) during storage at 4°C is shown in Fig. 1. At the 
beginning, the number of bacteria in trout samples was 
found as 2.27 log CFU/g which is lower than the initial 

number of rainbow trout fillets reported by the other 
researchers (7,33-35). In the control and gelatin film 
wrapped without GPE samples TVC increased sig-
nificantly (P<0.05) and finally reached 7.47 and 7.30 
log CFU/g, respectively. It was observed that TVC 
showed significant (P<0.05) increase in all groups entire 
the storage. However, this value did not exceed 7.0 log 
CFU/g which is upper limit value (36)  in the samples 
coated with gelatin film contatining GPE. Significantly 
(P<0.05) lower TVC was found in gelatin coated (con-
taining GPE) rainbow trout fillets during the storage 
period. Bakri and Dougles (37) reported that antibacte-
rial effect of garlic resulted from interaction of sulphur 
compounds, allicin, with sulphur groups of microbial 
enzymes, leading to an inhibition of microbial growth. 
Ifesan et al. (12) observed that garlic peel extract showed 
bacteriostatic activity in the beef samples. Additionally, 
they concluded that the bioactive compounds present in 
the garlic bulb are likely to be available in the peel. In 
the present study, incorporation of garlic peel extract in 
gelatin film resulted in microbial spoilage delay. 

Table 1. Changes in physicochemical properties of rainbow trout fillets wrapped with gelatin films containing GPE during storage 
at 4°C

Storage period (days) C G0 G4 G8

pH

0 6.35±0.18Ad 6.35±0.18Ac 6.35±0.18Ad 6.35±0.18Ab

2 6.75±0.00Bc 6.88±0.00Aa 6.54±0.01Cc 6.49±0.08Cb

5 6.92±0.00Bb 6.75±0.00Cb 6.94±0.00Aa 6.74±0.01Da

7 7.07±0.00Aa 6.65±0.01Db 6.74±0.01Bb 6.69±0.00Ca

10 7.18±0.01Aa 6.76±0.01Dab 6.88±0.02Bab 6.67±0.04Ca

TVB-N

0 18.20±3.96Ae 18.20±3.96Ae 18.20±3.96Ad 18.20±3.96Ad

2 26.60±1.98Ad 25.90±0.99Ad 21.70±0.99Bcd 19.60±1.98Bd

5 35.70±0.99Ac 30.10±0.99Bc 25.20±1.98Cc 23.10±0.99Dc

7 39.90±0.99Ab 37.10±0.99ABb 28.00±1.98Cb 25.90±0.99Db

10 42.70±0.99Aa 39.90±0.99Ba 34.30±0.99Ca 30.10±0.99Da

Peroxide value

0 2.00±0.00Ac 2.00±0.00Ac 2.00±0.00Ac 2.00±0.00Ac

2 3.00±0.00Ac 2.97±0.00Bc 2.00±0.00Cc 1.98±0.00Cc

5 5.49±0.71ABb 6.49±0.71Ab 4.50±0.71ABb 3.49±0.70Bb

7 9.49±0.69Aa 9.00±1.41Aa 5.50±0.71Bb 3.00±0.00Cbc

10 8.99±0.02Aa 8.74±0.70Aa 6.99±0.01Ba 5.49±0.71Ca

TBARS

0 0.45±0.14Ac 0.45±0.14Ad 0.45±0.14Ad 0.45±0.14Ac

2 0.63±0.02Ac 0.60±0.01Ad 0.62±0.03Acd 0.47±0.01Bc

5 0.97±0.13Ab 0.81±0.05ABc 0.71±0.02Bc 0.65±0.02Bc

7 1.09±0.02Ab 1.05±0.07Ab 0.99±0.03ABb 0.90±0.03Bb

10 1.38±0.02Aa 1.42±0.02Aa 1.25±0.04ABa 1.11±0.11Ba

Means indicated by different capital letters in the same row differ significantly (P < 0.05). Means indicated by different lowercase letters in the 
same column differ significantly (P < 0.05). C: control samples, G0 film: samples wrapped with gelatin film, G4 film: samples wrapped with 
gelatin film incorporated with 4% GPE, G8 film: samples wrapped with gelatin film incorporated with 8% GPE.

Figure 1. Changes in total viable counts of rainbow trout fil-
lets wrapped with gelatin films containing GPE during storage 
at 4 °C. G0 film: samples wrapped with gelatin film, G4 film: 
samples wrapped with gelatin film incorporated with 4% GPE, 
G8 film: samples wrapped with gelatin film incorporated with 
8% GPE.



Physicochemical and antimicrobial effects of gelatin-based edible films incorporated with garlic peel extract on the rainbow trout fillets 237

It was reported that gram-negative psychrotroph-
ic bacteria group are responsible from aerobic spoil-
age in chilled stored fresh fish (38). The changes in 
psychrophilic bacteria count (PBC) of rainbow trout 
fillets are presented in Fig. 2. A continuous increase of 
PBC was observed in all groups during the storage pe-
riod. The PBC of control samples and gelatin wrapped 
without GPE samples were higher (P<0.05) than 
those of the samples coated with gelatin film contain-
ing GPE. Inititally, PBC was 2.59 log CFU/g in the 
rainbow trout fillets and reached 7.47, 7.38, 6.90 and 
6.41 log CFU/g in control, G0, G4 and G8 groups, 
respectively. During the storage period, rainbow trout 
fillets coated with GPE gelatin film showed lowest 
PBC, in comparision with the control and gelatin film 
coated (without GPE) samples (P<0.05). Rezaei et al. 
(39) monitored the initial number of PBC of rainbow 
trout fillets as 2.3 log CFU/g and increased to 6.1 log 
CFU/g after 18 day of the ice storage. Ucak et al. (40) 
reported the initial PBC of rainbow trout fillets treated 
with onion peel extract (OPE) as 2.47 log CFU/g and 
PBC of the OPE treated fillets remanined lower than 
the control during the storage. Similarly, initial PBC 
was found as 3.1 log CFU/g in rainbow trout fillets 
wrapped with chitosan films incorporated with orega-
no or thyme essential oil (41). 

Enterobacteriaceae is considered a hygiene indi-
cator and one of the spoilage microorganisms of fresh 
rainbow trout (42). Papadopoulos et al. (44) reported 
that the contribution of Enterobacteriaceae to the mi-
croflora of fish should be considered during the assess-

ment of fish spoilage. The initial number of Entero-
bacteriaceae was 1.53 log CFU/g which is lower than 
the initial number of rainbow trout fillets (2.27 log 
CFU/g) reported by Ozogul et al. (35), but this value 
reached 7.37 log CFU/g in the control group at the 
end of the storage (Fig. 3). The coating of fish fillets, 
either with gelatin-based film alone or with combina-
tions of GPE, led to inhibition of microbial growth 
during the storage. However, the lowest Enterobac-
teriaceae was observed in gelatin coated samples in-
corporated with GPE (P<0.05). This indicated that 
gelatin film showed slight effect on the inhibition of 
Enterobacteriaceae without the addition of GPE. At 
the end of the storage, Enterobacteriaceae increased 
to 7.01, 6.93 and 6.48 log CFU/g in G0, G4 and G8 
samples, respectively. Oz (43) concluded that the addi-
tion of garlic into rainbow trout diet reduced the num-
ber of Enterobacteriaceae in fish meat and kept it at a 
lower level during storage. 

Sensory evaluation
The sensory results of the rainbow trout fillets 

coated without and with films are given in Table 2. The 
fillets coated with gelatin film incorporated with GPE 
received higher scores than those of the control and 
gelatin film wrapped without GPE samples (P<0.05). 
According to sensoy evaluation of color, odour, texture 
and overall acceptance of control samples was con-
sidered as unacceptable by the 5th day of the storage. 
However, the fillets wrapped with gelatin film contain-
ing GPE was reached unacceptable scores by the 10th 

Figure 2.Changes in total psychrophilic bacteria count of rain-
bow trout fillets wrapped with gelatin films containing GPE 
during storage at 4 °C. G0 film: samples wrapped with gelatin 
film, G4 film: samples wrapped with gelatin film incorporated 
with 4% GPE, G8 film: samples wrapped with gelatin film 
incorporated with 8% GPE.

Figure 3. Changes in total Enterobacteriaceae count of rain-
bow trout fillets wrapped with gelatin films containing GPE 
during storage at 4 °C. G0 film: samples wrapped with gelatin 
film, G4 film: samples wrapped with gelatin film incorporated 
with 4% GPE, G8 film: samples wrapped with gelatin film 
incorporated with 8% GPE.



I. Uçak238

day of the storage. This indicated that incorporation of 
gelatin film with GPE showed antioxidant and anti-
microbial effect and delayed spoilage of rainbow trout 
fillets. Gelatin film without GPE retarded the spoilage 
in the fillets as well, but showed lesser extention in the 
shelf-life. The sensory a scores was correlated with mi-
crobiological and chemical results. 

Similar results were observed by Jasour et al. 
(45) who reported 4 days shelf-life extension in the 
chitosan coated rainbow trout fillets compared with 
control samples. Jouki et al. (41) reported the shelf-
life of rainbow trout fillets wrapped with edible film 
containing oregano or thyme essential oil as 18 days, 
while the shelf-life of control samples was 10 days. In 
many studies, it was found that the application of ed-
ible films enriched with essential oil or plant extract 
extended the shelf life of fish (7,23,24,28,46). The sen-
sory results of this study showed that gelatin film con-
taining GPE extended the shelf-life of rainbow trout 
fillets and the shelf-life was found as 5, 7 and 10 days 
for the control, G0 and GPE samples, respectively. 

Conclusions

Based on the results of this study, GPE could 
inhibit bacterial growth and maintain sensory and 
chemical quality of rainbow trout fillets during refrig-
erated storage. Gelatin film without GPE has 2 days 
shelf-life extention effect on the rainbow trout fillets, 
while application of gelatin film enriched with GPE 
extended the shelf-life of fillets 5 days. Results showed 
that, addition of 4% concentration of GPE into gelatin 
film was much more effective, since the lowest micro-
biological and chemical scores were obtained from this 
group. Thus, GPE can be an effective antioxidant and 
antimicrobial agent in the gelatin based edible films 
and it can be used for the extention of shelf-life of fish 
and fish products.
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L e t t e r  t o  e d i t o r

Dear Editor,

We have read with great interest the paper “Ef-
fects of caffeine ingestion on resistance exercise- in-
duced apoptosis in athletes: A randomized, double-
blind, placebo-controlled, crossover study” by Rahimi 
MR and coworkers (1) and we found his manuscript 
of importance with a view to clinical prevention. This 
study examined the effects of oral caffeine ingestion 
on biomarkers of apoptosis including Bax and Bcl-
2 during strenuous Resistance Exercise in resistance 
trained men. Their results suggest that acute caffeine 
intake attenuated exercise induced apoptosis in resist-
ance trained men, which was confirmed by attenuated 
percentage change of Bax/Bcl-2 ratio in the caffeine 
condition.

With reference to the findings reported in the pa-
per, we would like to make the following contribution 
to the discussion. 

Athletes are habitual consumers of highly caf-
feinated beverages to combat fatigue and improve per-
formance, due to the well known effect of caffeine on 
muscle and on performance.  Other than the positive 
effects reported in the paper by Rahimi and cowork-
ers we have to consider the potential negative action 
of caffeine on arrhythmogenesis. Commercial energy 

drinks contain different quantity of other energetic sub-
stances such as guarana (containing guaranine, similar 
to caffeine), taurine, and gingko biloba (2, 3). Energy 
drinks have potential arrhythmogenic effect. This pro-
arrhythmic effect could be dangerous in athletes due to 
the very high adrenergic activity developed during in-
tense exercise (4). In previous studies we reported the 
development of atrial fibrillation in young subjects af-
ter acute ingestion of energy drinks mixed with alcohol 
during recreational activities (5, 6). Accordingly, several 
reports referred about episodes of arrhythmias induced 
by energy drinks consumption, sometimes associated 
with binge ingestion of alcohol (7). We suppose that the 
combined effect of highly dosage of caffeine and other 
stimulating substances included in energy drinks (i.e. 
taurine) can trigger the onset of arrhythmias. The reac-
tion of individuals to caffeine consumption is variable. 
Caffeine, in fact, stimulates both the central and the pe-
ripheral nervous systems affecting the cardiocirculatory 
and breathing systems. Because of this stimulant effect, 
there is concern that caffeine might increase arrhyth-
mic risk (2, 7). However, moderate doses of caffeine are 
well tolerated in patients with arrhythmia as well as in 
athletes. Caffeine may mediate AF by resulting in neu-
rohormonal stimulation and sympathetic activation and 
the effects could be enhanced in nonhabitual caffeine 
consumers (7). It is plausible that only some subjects are 
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susceptible to developed arrhythmias during binge in-
gestion of EDs and alcohol and that alcohol support the 
development of side effects of EDs through unknown 
mechanisms (6, 7).

Further studies are needed in order to evaluate the 
effects of high caffeine consumption in athletes with a 
specific focus on arrhythmogenesis. 

We agree with Dunican and coworkers that there 
is a need for a strategic approach to the use of caffeine 
in athletes.
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Summary. The international guidelines agree that management of knee osteoarthritis (OA) requires both 
non-pharmacological, and pharmacological approaches and suggest initiating a background therapy with 
chronic symptomatic slow-acting drugs for osteoarthritis (SYSADOAs), such as hyaluronic acid (HA). Oral 
HA treatment is now widely used because of its safety, good results in daily clinical practice, and relative low 
cost for knee pain. On the other hand, oral HA has been the source of much research in the last years. Several 
trials have evidenced the good efficacy of oral HA in reducing pain and improving joint functionality in mild 
to moderate knee osteoarthritis, but critical issues concerning the parameters used in these studies to measure 
the end points still persist. In few cases objective parameters (i.e. ultrasound) have been considered and no 
study correlated them with specific scales like visual analogue score (VAS) and Knee injury and Osteoarthritis 
Outcome Score (KOOS) to improve patient assessment. This could be the goal of future researches.
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L e t t e r  t o  E d i t o r

Dear Editor,

We read with great interest the manuscript pub-
lished by Guadagna S et al (1) titled “Oral hyaluronan 
for the treatment of knee osteoarthritis: a systematic 
review” in the Vol 20 No 4 (2018) of this journal. The 
authors have done a well conducted analysis to de-
scribe the current state of the art of the treatment of 
mild to moderate knee osteoarthritis (OA) with oral 
hyaluronic acid (HA) products. The authors have also 
mentioned the European Society for Clinical and 
Economic Aspects of Osteoporosis and Osteoarthritis 
(ESCEO) recommendation to initiate a background 
therapy with chronic symptomatic slow-acting drugs 
for osteoarthritis (SYSADOAs), such as HA. The au-
thors in their results evidenced the heterogenicity of 
HA preparations and that most trials used subjective 
measures (instead of objective parameters) to deter-
mine the efficacy of the HA treatment.

We argue that there are additional critical issues 
concerning the parameters used in the analysed clini-
cal trials to measure the end points: 
i) In the 7 trials performed in Japan, there were used 

only visual analogue scale (VAS) and/or scales for 

osteoarthritis symptoms tested on the Japanese 
population only, like Japanese Knee Osteoarthri-
tis Measure ( JKOM) and scoring of Japanese Or-
thopaedic Association ( JOA) (2-4), and on no one 
a measurement using an objective tool, i.e. ultra-
sound (US) on isokinetic dynamometer; in the 10 
trials conducted by the European and American 
investigators these instruments were used in only 4 
of 10 studies.

ii) US (5-7) and isokinetic dynamometer (6-8) have 
given ambiguous results in several studies. US 
measurements evidenced a statistically significant 
difference with control group only in two trials 
(5,6) and it can be difficult to consider positive the 
results  obtained in one of the three trials where the 
isokinetic test was used (statistically difference with 
control group only at isokinetic peak torque at 240º 
of the extensors) (2).

iii) The methods to apply and evaluate the US exami-
nation were not reported in two of the trials (5,7), 
while in the third study, the only US data collected 
was the synovial effusion in the suprapatellar recess 
measured in mm on the longitudinal axis (6), follow-
ing the 2005 EULAR guidelines (9). Therefore, nei-
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ther the recently proposed US score for large joints 
(10), nor the correlations between pain, radiological, 
and US findings (11), nor the several US features 
graded from 0 to 3 reported by Wu (12), were con-
sidered. 

iv) The rationale to use the isokinetic test (Biodex Med-
ical Systems, New York, USA) as primary efficacy 
assessment in 3 trials was that a decrease in knee 
OA pain could evidence an increased work, power 
and peak torque of leg muscles. Surely, this surrogate 
end point could be very useful to test HA on joint 
pain in trials with a different population, showing 
a clinical evidence i.e. in athletes with mean age 20 
±1.0 (13) or in soccer players with mean age 19.5 
±1.2 (14). Contrarily, the mean age of patients in the 
studies where isokinetic assessment was tested was 
56.1±8.00 years (6), 42.38 ± 10.16 years (7), 59.6 ± 
8.3 years (8); a difference, even statistically signifi-
cant, in muscular strength obtained in a similar old 
population could not be considered important from 
a clinical point of view, because this parameter cer-
tainly did not modify patients’ quality of life.

v) We agree with the authors when they say that the 
range of motion (ROM) of the knee joint meas-
ured with a goniometer is a simple tool and that it 
is commonly used in daily practices by orthopae-
dists. We also want to point out with the authors 
that ROM, unfortunately, has never been used as 
an end point in trials with oral HA, even if it could 
be easily correlated with specific scales like VAS 
and KOOS to improve patient assessment.

vi) No study has objectively evaluated the composite 
measurement of pain and basic activities like walk-
ing or performing daily activities. Tools able to re-
cord this data using accelerometery-based technol-
ogy, are named actigraphs (15,16) and were already 
tested in clinical trials in patients affected by osteo-
arthritis of the knee. (17) 

vii) When an Investigator is performing a ROM evalu-
ation of the knee joint with a goniometer, overhead 
costs are near zero. The Biodex price is about 100 
times the cost of a single actigraph; in addition, the 
Biodex system needs high qualified hospital cen-
tres and well-trained personnel. Finally, the ROM 
evaluation is part of the clinical practice of ortho-
paedics and the use of actigraphy is friendly with 

data collection by a standard personal computer 
(18). In this contest, Biodex system could repre-
sent the paradigm of the measurement tool not to 
be used in a pragmatic multicentre trial in a large 
population affected by pathologies like OA. 

To address these topics we have planned a double 
blind randomized clinical trial (RCT) to compare a 
product based on oral HA with high molecular weight 
(Syalox® 300 Plus, River Pharma, Italy) versus placebo 
for a period of 4 months plus an optional period of 
8 months; our goal will be to avoid the critical issues 
pointed out in the present letter, evidencing a corre-
lation between improvements evaluated by subjective 
measurements (VAS, QoL) and by objective measure-
ments (US and ROM). The project, extremely attrac-
tive from a scientific point of view, will be preceded by 
a pilot study (registered in clinicaltrials.gov as NCT 
03421054) in order to assess the feasibility of the main 
study. This would save money, time and management 
for our team of investigators with limited resources.

We thank Guadagna S (Opera CRO) and the 
Progress in Nutrition journal for engaging in a chal-
lenging debate on the use of oral HA in knee osteoar-
thritis. We invite the authors of this systematic review 
to join and continue in this discussion. We also hope 
to collaborate with them to perform the future RCT, 
because our different and synergic competencies could 
contribute to define the correct role of oral HA as a 
new tool for the orthopaedists.
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