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Summary. Objective: The aim of this study was to examine the effects of the energy and nutrients intake at
Ramadan fasting on anthropometric measurements, metabolic and endocrine parameters. Mezhods: This pro-
spective study included a total of 80 healthy volunteers, aged 19-50 years, who were fasting during the month
of Ramadan. Anthropometric measurements, blood samples were taken and nutritional intake was recorded
of all participants at 5 days before Ramadan(BR) and on the 27th day at the end of Ramadan (AR). The
anthropometric measurements comprised height, weight, body mass index(BMI), hip-waist circumference,
body fat ratio and fat mass measurements. From the blood samples, analysis was made of fasting glucose, in-
sulin, total cholesterol, LDL-C, HDL-C and TG. From the records of food intake, energy and nutrients were
calculated. The anthropometric measurements, metabolic and endocrine parameters, energy and nutrients BR
and AR were compared generally. Resu/ts: In the period from BR to AR in the values, a decrease was deter-
mined in body weight (77.4+11.0, 76.2£10.7kg, p<0.01), BMI (26.1+2.6, 25.7+2.5kg/m2, p<0.001), waist
circumference (94.5+9.0, 91.8+8.3cm p<0.001) and body fat ratio (24.4%=6.4%, 23.8%+5.9%, p<0.01). An
increase was determined in the values of fasting glucose (83.5+7.4,91.1+12.3mg/dl, p<0.01), insulin (8.8+4.1,
10.1+4.5pU/ml, p<0.01) and HOMA-IR (1.8+0.9, 2.2+1.1, p<0.01). There was a decrease in HDL-C levels
(p<0.001). Conclusion: Ramadan fasting was observed to have positive effects on anthropometric measure-
ments such as body weight, BMI, fat mass and waist circumference, which are cardiovascular risk factors, but
no similar positive effect was seen on endocrine and metabolic parameters.
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1. Introduction Healthy eating has been shown to have positive effects

on obesity, and the number and timing of daily meals

Obesity is a significant health problem in modern
societies and according to World Health Organisation
(WHO) data, 13% of the adult population worldwide
are obese (1, 2). In the formation of obesity, genetic,
environmental and physiological factors change the
balance between energy intake and consumption (3).

is also important (1). Increasing the duration of fast-
ing by reducing the number of daily meals is known
as intermittent fasting. The beneficial effects of inter-
mittent fasting on glycaemic control, metabolism, car-
diovascular risk, cancer and life expectancy have been
researched in recent studies (4).
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Although previous studies report different results,
Ramadan Fasting is appropriate model for research-
ing beneficial effects of intermittent fasting (5). In the
ninth month of the Islamic calendar (the month of
Ramadan), Muslims fast without eating or drinking
from sunrise to sunset. Throughout this month, nu-
tritional intake is obtained from meals in the evening
and during the night, and thus the duration of sleep is
shortened (6). Energy and glucose metabolism, appe-
tite and hormonal responses are changed by prolonged
fasting periods and the changes in nutritional habits
also effects lipid profile and body composition during
Ramadan (7, 8).

Some previous studies have examined the ef-
fects of Ramadan fasting on body composition and
biochemical parameters (6). However, the majority of
those studies have been conducted on a limited num-
ber of subjects. In this study, an examination was made
of the effects of Ramadan fasting on anthropometric,
metabolic and endocrine parameters and the energy
and nutrients intake of individuals who were fasting.

2. Method

The study was prospectively conducted on healthy
volunteers, aged 19-50 years, who were fasting during
the month of Ramadan 2017. Approval for the study
was granted by the Local Ethics Committee (decision
no: May 2017, 38/27). Subjects were excluded from
the study if they had diabetes mellitus, hypertension,
were smokers, had a >5% increase or decrease of body
weight in the previous 3 months, or if they were obese
(BMI 230 kg/m?).

Nutritional intake was recorded, and blood sam-
ples and anthropometric measurements were taken of
all participants at 5 days before Ramadan (BR) and on
the 27th day at the end of Ramadan (AR). The meta-
bolic and endocrine data obtained from the BR and
AR blood samples, the BR and AR anthropometric
measurements and the BR and AR nutritional ele-
ments intake were evaluated separately for all the in-
dividuals. The subjects who had sahur fasted for the 27
days of Ramadan without eating and drinking for ap-
proximately 15 hours per day. Apart from the duration
of fasting, the subjects ate without calorie restriction.

All participants were contacted by telephone on
days 7, 14, 21 and 27 of the month of Ramadan to
confirm whether or not they were complying with
the study protocol. During the follow-up period, any
subjects who had stopped fasting for any reason, who
had an interval of not fasting (apart from females who
could not fast during the menstrual cycle) were with-
drawn from the study.

For all subjects, measurements were taken of body
weight, height, waist-hip circumference, body mass
index (BMI) and body composition. Body weight was
measured with a Tanita MC 780 device, which was
sensitive to 0.1 kg, with the individual in a fasting state
and without shoes. Height was measured with a rigid
measure, sensitive to 0.1 cm. Hip circumference was
measured in cm from the highest point of the measure
with the subject standing side-on. BMI was calculated
with the formula of body weight (kg) / height (m)
On the day of measurements, the individual had not
had anything to eat or drink for at least 8 hours previ-
ously, had not had a bath or sauna and had not done
any sport. When taking the measurements, the bare-
foot individual stood on the metal plate of the device
and held the appropriate parts with the hands with the
arms parallel to the body. The body fat ratio percentage
and body fat mass, as kg, were recorded.

Blood samples were collected after 8-10 hours
fasting. Analysis of the serum glucose, insulin, to-
tal cholesterol, high density lipoprotein cholosterol
(HDL-C), low density lipoprotein cholosterol (LDL-
C) and triglyceride (TG) levels was made using a
Saturna 300 Crony device. For insulin resistance, the
homeostasis model evaluation (HOMA-IR) was used.
The formula of “serum insulin level (IU/ml) x serum
glucose level (mg/dl) /405” was used in the HOMA-
IR calculation.

Energy and nutrients intake was determined
with a 3-day record of food consumption. The sub-
jects were instructed how to record 3 days of food in-
take as 2 consecutive weekdays and one weekend day.
Portion sizes were explained using household meas-
ures (spoons, plates, slices, water glass, etc). The nu-
trients and amounts in the food and drink consumed
throughout 3 days were calculated using standard meal
recipes and the daily amount of consumed nutrition
was determined by dividing each nutrient by 3 (9). The
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values of the mean energy and nutrients consumed
were analysed using the “Computer-assisted nutri-
tional program, nutritional information system”.

Data obtained in the study were analysed using
SPSS 11.5 software. In the descriptive statistics, con-
tinuous variables were stated as meanzstandard de-
viation (SD), median, minimum and maximum values
and numerical variables as number (n) and percentage
(%). In the comparison of the BR and AR body com-
position and laboratory values of the individuals fast-
ing during Ramazan, conformity of the data to normal
distribution was assessed with the Paired Samples t-
test and the Wilcoxon test. A value of p<0.05 was ac-
cepted as statistically significant.

3. Results

A total of 85 healthy individuals were enrolled
in the study and the evaluations were completed with
80 (94.1%) subjects. Due to health reasons, 5 subjects
stopped fasting and were withdrawn from the study.
The 80 subjects who completed the study comprised
52 (65%) males and 28 (35%) females with a mean age
of 37+7.2 years (Table 1).

Anthropometric  results; In  the measure-
ments of subjects, a significant decrease was deter-
mined in body weight (77.4+11.0, 76.2+10.7 kg,
p<0.01), BMI (26.1£2.6, 25.7+2.5 kg/m2, p<0.001),
waist- hip circumference (94.5£9.0, 91.8+8.3 cm/
105.8+5.0, 102.7+4.7 cm, p<0.001) and body fat ratio
(24.4%:+6.4%, 23.8%+5.9%, p<0.01) (Table 1). Also, a
significant decrease was determined in the BR and AR
body fat ratio (24.4+6.4%, 23.8+5.9%, p<0.01) and fat

mass (18.725.0 kg, 18.0+4.8 kg, p<0.001).

Metabolic and endocrine results; In the individu-
als, a significant increase was determined in the pe-
riod from BR to AR in the values of fasting glucose
(83.5+7.4,91.1+12.3 mg/dl, p<0.01), insulin (8.8+4.1,
10.1+4.5 pU/ml, p<0.01) and HOMA-IR (1.8£0.9,
2.2#1.1, p<0.01) (Table 2). Ramadan fasting was not
observed to have any significant effect on total choles-
terol, LDL-C or triglycerides (p>0.05). A significant
decrease was determined in HDL values (52.1+16.5,
46.3+13.9, p<0.05) (Table 2).

Energy and nutrients intake results; In the evalu-
ation of the data obtained from the records of food in-
take for 3 days, a significant decrease was determined

Table 1. Demographic data and anthropometric measurements before and after Ramadan

Sahur Without sahur Total
Age (year) 37+7.3 36.42+6.8 37£7.2
Gender
Male 42 (% 63.6) 10 (% 71.4) 52 (% 65)
Female 24 (% 36.4) 4 (% 28.6) 28 (% 35)
Before Ramadan After Ramadan P value
Weight (kg) 77.4x11.0 76.2+10.7 0,003
BMI 26,1+2,6 25.7£2.5 0.000
WC (cm) 94.5+9.0 91.8+8.3 0.000
HC (cm) 105.8+5.0 102.7+4.7 0.000
W/H 0.8+0.07 0.8+0.06 0.921
BF (%) 24.4+6.4 23.8+5.9 0.005
BFM (kg) 18.7+5.0 18.0+4.8 0.005

BMLI, body mass index; WC, waist circumference; HC, hip circumference; W/H waist fo hip ratio; BE body fat percentage; BFM, body fat mass
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from BR to AR in respect of energy, carbohydrate,
fat and fibre intake (p<0.001). Furthermore, polyun-
saturated fatty acids (PUFAs) (23.6+10.5 g, 17.4+7.2
g, p<0.05), monounsaturated fatty acids (MUFAs)
(29.4+8.9 ¢, 23+10.6 g, p<0.05), n-3 polyunsaturated
fatty acids (n-3) (2.3+1.4 g, 1.6+0.7g, p<0.004) and
n-6 polyunsaturated fatty acids (n-6) (20.9+9.8 g,
15.1+7.4 g, p<0.002) intakes decreased significantly
and no change observed at n-6/n-3 ratio (10.3+5.4 ¢,
10.4+5.9 g, p>0.5) and saturated fatty acids (SFAs) in-
take (28.5+9.1 g, 25.4+13.8 g, p>0.05) (Table 3).

4. Discussion

The results of this study based on fasting dur-
ing Ramadan showed that, i) there was a reduction
in the anthropometric measurements of body weight,
BMI, waist circumference and body fat ratio, ii) the
metabolic and endocrine parameters of fasting glu-
cose, insulin and HOMA-IR values increased and
with the exception of a decrease in HDL-C levels,
there was no change in the blood cholesterol levels,
and iii) all the parameters of energy and nutrients in-
take decreased.

Table 2. Metabolic and endocrine parameters before and after Ramadan

Before Ramadan After Ramadan P value
FBG (mg/dl) 83.5x7.4 91.1£12.3 0,003
Insulin (uU/ml) 8.8+4.1 10.1+4.5 0.004
HOMA-IR 1.8+0.95 2.2+1.1 0.004
TC (mg/dl) 191.4+35.2 187.1£33.7 0.062
LDL-C (mg/dl) 116.6+34.2 115.9+33.0 0.897
HDL-C (mg/dl) 52.1+16.5 46.3+13.9 0.000
TG (mg/dl) 106.8+56.7 121.7+88.0 0.521

FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment of insulin resistance; TG, total cholesterol; LDL-C, low density lipopro-
tein cholesterol; HDL-C high density lipoprotein cholesterol; TG, triglycerides

Table 3. Energy and nutrients intake before and after Ramadan

Before Ramadan After Ramadan P value
Energy (kcal) 1964.3+760.3 1567.7+512.9 0.000
Carbohydrate (g) 207.8+94.8 175.9£69.1 0.008
Protein (g) 73.3£24 56.1£14.7 0,002
Fat (g) 86.5+34.7 69.1£27.1 0.001
Fiber (g) 22.7+8.2 15.9+5.7 0.000
SFAs (g) 28.5+9.1 25.4+13.8 0.207
PUFAs (g) 23.6+10.5 17.4£7.2 0.002
MUFAs (g) 29.4+8.9 23+10.6 0.004
n-3 (g) 2.3:+1.4 1.60.7 0.004
n-6 (g) 20.9+£9.8 15.127.4 0.002
n-6/n-3 10.3%5.4 10.4£5.9 0.950

SFAs, saturated fatty acids; PUFAs, polyunsaturated fatty acids; MUFAs, monounsaturated fatty acids; n-3, n-3 polyunsaturated fatty

acids; n-6, n-6 polyunsaturated fatty acids
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Body fat ratio and excessive body weight are
known to be risk factors for cardiovascular disease
(10). The lack of fluid intake together with food in-
take during Ramadan fasting could cause total weight
loss by increasing loss of body fluid (11). However, in
the current study, together with the reduction in total
body weight, the body fat mass was also observed to
have decreased. Therefore, it is not correct to explain
the body weight loss by fluid loss only. Furthermore,
as there was seen to be a reduction in energy intake
at AR, it can be thought that the total weight loss oc-
curred more through the oxidation of fat and the re-
duction in fat mass.

Morbidity and mortality associated with car-
diovascular disease are known to be affected by total
body fat and the accumulation of abdominal body fat
(12). In recommendations for healthy living given by
Sadiya et al, a significant decrease was shown in the
waist circumference values of patients with metabolic
syndrome who were monitored during Ramadan (13).
In addition, a study investigating the effects of Rama-
dan fasting reported significant reduction in body fat
percentage of nonalcoholic fatty liver disease patients
(14). On the other hand fat oxidation was increased
because of Ramadan fasting (15). But, Lessan et al
showed no significant change on resting metabolic
rates of healthy nonobese volunteers (7). So, Rama-
dan-induced body fat and abdominal fat loss can be
attributed to a reduction in energy intake. Although
a systematic rewiev concluded that Ramadan fasting
has neutral effects on cardiovascular risk factors (16),
Syam et al showed significant reduction in body fat
without protein loss in Ramadan (6). We found a sig-
nificant decrease in abdominal fat and total body fat
due to intermittent fasting. This decrease can be at-
tributed to energy deficit in Ramadan fasting. So, in
the current study a significant reduction was observed
in abdominal fat mass and waist circumference values
supports the view that Ramadan fasting has positive
effects on cardiovascular health in particular.

Contflicting results have been reported from stud-
ies that have investigated the effects of Ramadan fasting
on lipid profiles (17, 18). Changes in nutritional habits
in the month of Ramadan, reduced physical activity
and cultural factors could affect these results (19). In
the current study, while no difference was seen in the

BR and AR total cholesterol, LDL-C and triglyceride
values, a signifcant difference was determined in the
HDL-C values, which were observed to have reduced
from BR to AR. In contrast, in another study that was
conducted on a small number of healthy individuals, a
30% increase was shown in HDL-C values (20). Ziaee
et al reported that Ramadan fasting increased LDL-C
and this could have been an indicator of the difference
between BR and AR energy and fat intake (19). High
consumption of fatty acids is associated with athero-
sclerosis and the structures of this fatty acids determine
the real impact (21). The SFAs are more likely to con-
tribute CVD, but PUFAs are known to be antiathero-
genic (22). SFAs were shown to raise serum TC levels,
so dietary guidelines recommend limiting amounts of
saturated fat intake (23). On the other hand, a diet low
in n-6/n-3 ratio are known to have beneficial effects on
cardiovascular risk and data shows lowering n-6/n-3
ratio decreases TG and TC levels even a high fat diet
(24). In the current study, nutrient consumption was
calculated from the 3-day food intake records and ac-
cording to these, energy intake was reduced compared
to BR. Therefore, the reduction in HDL-C values
could be related to lower levels of physical activity dur-
ing Ramadan rather than reduced energy intake. Also,
in our study we observed any change in n-6/n-3 ratio
and SFAs intake but significant decreases occured in
PUFAs, MUFAs, n-3 and n-6 fatty acids consump-
tion. Altough the consumption of SFAs remain similar
levels according to BR, the percent of energy coming
from SFAs increase because of declining total energy
intake. Both the increasing energy percent from SFAs
and decreasing intake of PUFAs could influence sig-
nificantly decreased HDL-C and increased TG levels
in our study.

In a study by Unalacak et al, the fasting glucose
levels in obese individuals were shown to be signifi-
cantly reduced compared to those of subjects who were
not obese (25). Another study of 115 subjects showed
that fasting glucose levels were significantly reduced
with Ramadan fasting (26). The results of the current
study showed a similar effect of Ramadan fasting on
fasting glucose and insulin levels. Ramadan fasting
was observed to have significantly increased the fast-
ing glucose, insulin and HOMA-IR levels in healthy
individuals. The nutrient intake records in the current
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study showed a significant reduction in fibre intake.
This suggests that the increasing glucose and insulin
levels were associated with reduced fibre intake and
the associated reduced digestive energy expenditure. In
addition, as the evening meal taken before the blood
sample collection was not standard, this could have af-
fected the fasting glucose and insulin values.

Insulin resistance is known to play a role in the
development of type 2 DM, hypertension, hyperlipi-
demia and atherosclerosis (27). In a study by Gnanou
et al, it was reported that HOMA-IR values were
reduced together with glucose and insulin levels in
healthy subjects fasting during Ramadan (28). In con-
trast, Unalacak et al showed that in individuals with
normal body weight HOMA-IR values were increased
by Ramadan fasting (25). The high HOMA-IR val-
ues of the current study are similar to the findings of
that study. When it is taken into consideration that the
participants of both studies were from the same socio-
cultural background, the elevated HOMA-IR levels
can be explained by the similarity of nutritional habits.

In the evaluation of the 3-day food intake re-
cords in the current study, the AR energy intake was
observed to have reduced. In contrast, previous stud-
ies have shown an increase in energy intake and Al-
Hourani et al observed no significant change (29-32).
Despite no calorie restrictions, that the carbohydrate
and energy intake was reduced suggests that it could
have been due to the month of Ramadan occuring in
the summer and thus the time for eating and drinking
was shorter. Similarly, there was a reduction in fibre
intake and it can be said that this contributed to the
reduced energy requirement.

Limitations of this study were primarily that there
was no measurement of the resting energy expenditure
of the participants at BR and AR, and levels of physi-
cal activity were not recorded.

In conclusion, the results of the study showed
that there were positive effects of Ramadan fasting on
anthropometric measurements such as body weight,
BMI, fat mass and waist circumference, which are
cardiovascular risk factors, but similar positive effects
were not observed on endocrine and metabolic param-
eters.
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