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Summary. Obesity, according to its simplest definition, is excessive accumulation of fat in the body. Obe-
sity is a health problem that is observed commonly in almost all societies and it is starting to become a 
global epidemic. In this study, physical activity and obesity statuses for individuals between the ages of 
18-30 with different body types were tried to be associated via bioelectrical impedance analysis device and 
metabolic holter measurements. It was determined according to the results of the study that body fat ratio 
increases and number of steps decreases with increasing age, that there are statistically significant differ-
ences between gender and AEC, TEC, muscle weight and total body water and that this ratio is greater in 
men in comparison with women. Statistically significant differences (P<0.05) were determined between the 
muscle weight and total body water, BMI, waist/hip ratio, TEC, AEC; between total body water and BMI, 
waist/hip ratio, TEC and AEC; between the body mass index of individuals and their body fat ratio, waist/
hip ratio, TEC and AEC; between body fat ratio and waist/hip ratio and TEC; betwen waist/hip ratio and 
TEC and BMR; total energy consumption and physical activity duration, AEC, number of steps, PAL, 
time spent with moderate intensity movement and time spent with very high intensity movement; physical 
activity levels and AEC, number of steps, PAL, time spent with moderate intensity movement and time 
spent with high intensity movement; between active energy consumption and number of steps, PAL, time 
spent with moderate intensity movement, time spent with high intensity movement and time spent with 
very high intensity movement; number of steps and PAL, time spent with moderate intensity movement, 
time spent with high intensity movement and time spent with very high intensity movement; PAL values 
of individuals who participated in the study and the time spent with moderate intensity movement, time 
spent with high intensity movement and time spent with very high intensity movement.
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O r i g i n a l  a r t i c l e

Introduction

The unbalance between calorie intake and burn and 
sedentary lifestyle results with obesity, a chronic disease 
which is characterized by over abundant or abnormal 
fat accumulation (1). The frequency and prevalence of 
obesity is continuously increasing all over the world thus 

becoming the most important health problem especially 
in developed and developing countries leading to many 
other health problems such as diabetes, hypertension, 
coronary artery disease, hyperlipidemia, hypertriglyc-
eridemia, metabolic syndrome, cancer, osteoarthritis, 
paralysis, sleep apnea, hepatic lipidosis, asthma, respira-
tory failure, pregnancy complications, menstruation ir-
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regularities, increase in surgical risks, mental problems, 
social disharmony, musculoskeletal disorders along 
with many other health issues (2-7). In Turkey, obesity 
is more common in women than in men and women 
are less active physically (8). World Health Organiza-
tion has included obesity in the class of diseases to fight 
against. According to World Health Organization data 
in 2016, 1.9 billion of the world adult population was 
overweight and 650 million of the adults were obese, 
which means that by the year 2016, 39% of the adult 
population in the world was either (18 years and over; 
39% of men and 40% of women) overweight. Further-
more, the data evidenced that obesity in the world had 
been tripled between 1975 and 2016 (1) (Tab. 1).

Physical activity is defined as all bodily movements 
generated by the skeletal muscles resulting in energy 
consumption (9). Tendency towards sports and physi-
cal activity continues to increase especially with the in-
crease in welfare of societies and their awareness related 
with healthy living increases. It has been stated in stud-
ies that regular physical activity decreases risk factors for 
some diseases in addition to being closely related with 
the general health status, thus emphasizing that planned 
exercise programs enhance general health status while 
also preventing obesity in the long run which plays a 
fundamental role in the onset of many diseases (10, 11). 
The objective of this study was to measure the body mass 
index (BMI, kg/m2), body fat ratio (%), waist/hip ratio, 
basal metabolic rate (BMR), muscle weight and total 
body water via bioelectrical impedance analysis in addi-
tion to measuring the total energy consumption (TEC), 
physical activity duration, active energy consumption 
(AEC), number of steps, sleep efficiency, physical ac-
tivity level (PAL), time spent without movement, time 
spent with mild movement, time spent with moder-

ate intensity movement, time spent with high inten-
sity movement and time spent with very high intensity 
movement via metabolic holter device thus associating 
the obesity and healthy living status of individuals ac-
cording to these values. 

Materials and Methods

The study was carried out with 25 male and 25 
female volunteers for a total of 50 participants between 
the age of 18-30 who are continuing their education 
at Bitlis Eren University. Detailed information about 
the study was given to each of the students in the 
study group prior to the study and their signatures for 
the “Voluntary Consent Form” were taken. Continu-
ous 24 hour measurements were carried out covering 
non-holiday periods during which the students did 
not carry out any extraordinary physical activity and 
they were asked to continue their regular lives during 
the measurements. The study was carried out after the 
necessary approvals were taken from the Bitlis Eren 
University Ethics Council. 

Body composition measurements

Heights of the participants were measured using 
a stadiometer (ADE-GERMANY MZ10020) ul-
trasonic height measurment unit with a sensitivity of 
0,1 cm with nothing on their heads that might affect 
the reliability of the measurement, with light clothing 
and with no shoes on and by measuring the distance 
between the head vertex and the feet. BMI, body fat 
ratio, waist/hip ratio, BMR, muscle weight and total 
body water measurements of the participants were 
carried out with no shoes and socks in the anatomi-
cal position using InBody230 (MW160) Bioelectrical 
Impedance Analysis Device. All metal objects on the 
participants were removed during the measurements. 
It was asked from the participants not to exercise at 
least 24 hours before the measurements and not to 
consume any nutrient 12 hours before the measure-
ments. Total energy consumption (TEC), physical ac-
tivity leval (PAL), active energy consumption (AEC), 
number of steps, sleep efficiency, physical activity level, 

Table 1.  Obesity classification by WHO according to body mass 
index (5)

Body Mass BMI (kg/m2) Morbidity Risk

Thin <18.5 Low (High Clinical Problems)

Acceptable 18.5-19.9 Moderate

Normal 20.0-24.9 Moderate

Pre-obese 25.0-29.9 Slightly High

Obese Class 1 30.0-34.9 Moderately High

Obese Class 2 35.0-39.9 Very High

Obese Class 3 ≥40 Intensely High
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time spent without movement, time spent with mild 
movement, time spent with moderate intensity move-
ment, time spent with high intensity movement and 
time spent with very hith intensity movement; were 
measured via Metabolic Holter (Sense Wear Armband 
Body media Inc., Pittsburgh, PA, USA) device. TEC 
and AEC were measured using the Metabolic Holter 
device in kilojoule and were transformed into kilo-
calories using the 1 kcal = 4.184 kj equality. Physical 
activity duration, time spent without movement, time 
spent with mild movement, time spent with moder-
ate intensity movement, time spent with high inten-
sity movement and time spent with very hith intensity 
movement were measured via Metabolic Holter device 
in hours and were transformed into minutes using the 
1 hour = 60 minutes equality. Metabolic Holter meas-
urements were carried out by placing the device on the 
right arms of the individuals in the middle of the dis-
tance between acromion and olecranon over the triceps 
muscle. Demographic data for the individuals such as 
age, height, gender, body weight, smoking status and 
dominant hand were loaded to the computer via Body 
Media Sense Wear 8.1 try software prior to placing the 
device on their arms and they were removed 24 hours 
after being placed on the arms after which the data on 
the device were uploaded to the computer via Body 
Media Sense Wear 8.1 try software. 

Statistical analysis

Data acquired as a result of the study were evaluat-
ed using Statgraphics (Centurion XVI Version 16.2.04  
trial version–Warrenton, VA) statistical software. 

Results

The study was carried out with 25 male and 25 
female volunteers for a total of 50 participants between 
the age of 18-30 who are continuing their education at 
Bitlis Eren University. 

Age

Age average of the women who participated in 
the study was calculated as 21.92±2.30, whereas the 
age average for the men who participated in the study 
was calculated as 23.32±3.64. There was a statistically 
significant difference (p<0.05) between the age aver-
ages of the individuals and their body fat ratios and 
the number of steps they take and it was observed that 
body fat ratio increases with increasing age whereas 
the number of steps decreases (Tab. 2). 

Gender

A statistically significant difference was deter-
mined between the genders of the individuals and 
AEC, TEC, muscle weight and total body water 
(p<0.05); it was observed that these ratios were higher 
in men in comparison with women. Similarly, a statis-
tically significant difference was determined between 
the genders of the participants and sleep efficiency 
(p<0.05) with higher sleep efficiency in women in 
comparison with men (Tab. 3). 

Muscle weight

A statistically significant differences (p<0.05) was 
determined between the muscle weights of the par-
ticipants of the study and their total body water, BMI, 
waist/hip ratio, TEC, AEC (Tab. 4). 

Table 2.  Relationship between age, body fat ratio and number 
of steps (n:50)
 Body Fat Ratio (%) Number of Steps
Age 0.2954 * -0.3270 *
*P<0.05

Table 3.  Relationship of gender with AEC, TEC, muscle weight, total body water and sleep efficiency (n:50)
 AEC TEC Muscle Weight Total Body Water Sleep Efficiency
Gender 0.3405* 0.5927*** 0.4631*** 0.4253*** 0.3971***
*P<0.05  , *** P<0.001
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Total body water

A statistically significant difference (p<0.05) was 
determined between the total body water and BMI, 
waist/hip ratio, TEC and AEC of individuals (Tab. 5).

Body Mass Index (BMI)

BMI average of the women who participated in 
the study was calculated as 23.33±4.41, whereas the 
BMI average of the men was calculated as 25.54±5.27. 
A statistically significant difference (p<0.05) was de-
termined between the BMIs of individuals and their 
body fat ratio, waist/hip ratio, TEC and AEC. There 
was a statistically significant difference (p<0.05) be-
tween the BMIs and BMRs of the individuals and 
even if it was observed that the BMR of the individu-
als increased with increasing BMI, the BMR values 
were determined to be lower at statistically significant 
levels in comparison with those of the individuals at 
the same weight with ideal BMI values (Tab. 6). 

Body fat ratio (%)

A statistically significant difference (p<0.05) was 
determined between the body fat ratios of individuals 
and their waist/hip ratio and TEC values. There was a 
statistically significant difference (p<0.05) between the 
body fat ratios of individuals and their BMR values; and 
even though the BMR values increased with increasing 
weight, they were determined to be lower at statistically 
significant levels in comparison with those of the individ-
uals at the same weight with ideal BMI values (Tab. 7). 

Waist/hip ratio

A statistically significant difference (p<0.05) was 
determined between the waist/hip ratio of individuals 
and their TEC and BMR values (Tab. 8).

Total Energy Consumption (TEC)

A statistically significant difference was deter-
mined between the TEC and physical activity dura-

Table 4.  Relationship between muscle weight and total body water, BMI, Waist/hip ratio, TEC and AEC (n:50)

 Total Body Water BMI Waist/hip ratio TEC AEC

Muscle weight 0.8777 *** 0.7233*** 0.4071** 0.7175*** 0.4907***

**P<0.01  , *** P<0.001

Table 5.  Relationship of total body water with BMI, Waist/hip ratio, TEC and AEC (n:50)

 BMI Waist/hip ratio TEC AEC

Total Body Water 0.6420 *** 0.2987 * 0.6692 *** 0.4900 ***

*P<0.05  , *** P<0.001

Table 6.  Relationship of BMI with body fat ratio, Waist/hip ratio, TEC, AEC and BMR (n:50)

 Body Fat Ratio Waist/hip ratio TEC AEC BMR

BMI 0.6999 *** 0.7566 *** 0.7155 *** 0.4147 ** -0.7089 ***

**P<0.01 *** P<0.001

Table 7.  Relationship of body fat ratio with Waist/hip ratio, 
TEC and BMR (n:50)

 Waist/hip ratio TEC BMR

Body Fat Ratio (%) 0.6645 *** 0.3635 *** -0.8265 ***

*** P<0.001

Table 8.  Relationship of Waist/hip ratio with TEC and 
BMR (n:50)

 TEC BMR

Waist/hip ratio 0.3811 ** -0.6593 ***

**P<0.01  , *** P<0.001
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tion of individuals with AEC, number of steps, PAL, 
time spent with moderate intensity movement and 
time spent with high intensity movement (p<0.05). 
There was a statistically significant difference (p<0.05) 
between the TEC values of individuals and their sleep 
efficiencies and it was observed that sleep efficiency 
decreases with increasing TEC (Tab. 9). 

Physical activity duration

There was a statistically significant difference 
(p<0.05) between the physical activity durations of in-
dividuals and their AEC, number of steps, PAL, time 
spent with moderate intensity movement, time spent 
with high intensity movement and time spent with 
very high intensity movement (Tab. 10). 

Active Energy Consumption (AEC)

There was a statistically significant difference 
(p<0.05) and a positive correlation between the AEC 

of individuals and their number of steps, PAL, time 
spent with moderate intensity movement, time spent 
with high intensity movement and time spent with 
very high intensity movement (Tab. 11). 

Number of steps

There was a statistically significant difference 
(p<0.05) and a positive correlation between the num-
ber of steps of individuals and their PAL, time spent 
with moderate intensity movement, time spent with 
high intensity movement and time spent with very 
high intensity movement (Tab. 12).

PAL

PAL average of the women who participated in the 
study was calculated as 1.64±0.20, whereas the PAL aver-
age for men was calculated as 1.62±0.24. A statistically sig-
nificant difference (p<0.05) and a positive correlation were 
observed between the PAL values of individuals and time 

Table 9.  The relationship of TEC with physical activity duration, AEC, number of steps, time spent with moderate intensity move-
ment, time spent with high intensity movement and sleep efficiency (n:50)

 Physical Activity  AEC Number of Time Spent with Time Spent with Sleep Efficiency 
 Duration  steps Moderate Intensity High Intensity  
    Movement Movement 

TEC 0.4791 *** 0.7766 *** 0.3593 ** 0.4747 *** 0.3486 ** -0.3506 **

**P<0.01 *** P<0.001

Table 10. Relationship of physical activity duration with AEC, number of steps, PAL, time spent with moderate intensity move-
ment, time spent with high intensity movement and time spent with very high intensity movement (n:50)

 AEC Number of  PAL Time spent Time spent with Time spent with 
  steps  with moderate  high intensity very high intensity 
    intensity movement movement movement

Physical Activity  0.8584 *** 0.7762 *** 0.7728 *** 0.9660 *** 0.4554 *** 0.3634 ** 
Duration 

**P<0.01  , *** P<0.001

Table 11. Relationship of AEC with number of steps, PAL, time spent with moderate intensity movement, time spent with high 
intensity movement and time spent with very high intensity movement (n:50)

 Number of steps PAL Time spent with  Time spent with Time spent with 
   moderate intensity  high intensity very high intensity 
   movement movement movement

AEC 0.7409 *** 0.8125 *** 0.8030 *** 0.4724 *** 0.5536 ***

*** P<0.001
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spent with moderate intensity movement, time spent with 
high intensity movement and time spent with very high 
intensity movement.

Discussion

It was observed in our study that the number of steps 
of individuals decreased with increasing age and that as a 
result there is a tendency for a sedentary lifestye. It was de-
termined that body fat ratio increased with increasing age 
resulting in an increase in BMI, waist/hip ratio and total 
energy consumption as well. It was recorded in our study 
that the active energy consumptions, muscle mass and to-
tal body waters of male individuals were greated; whereas 
it was also recorded that sleep efficiency was higher in 
women. It was observed in previous studies that sleep ef-
ficiency of men was greater (12), that gender does not af-
fect sleep quality (13, 14) or that sleep quality of women 
is better than that of men (12). According to the results 
of this study, there was a statistically significant difference 
was detected between muscle mass and total body wa-
ter and it was recorded. Whereas there was a statistically 
significant increase in BMI, waist/hip ratio, total energy 
consumption and active energy consumption depending 
on an increase in muscle mass and body water; there was 
a statistically significant decrease in the time spent with 
light movement during these periods. According to the re-
sults of our study, it has been observed that body fat ratio 
increases significantly as time spent with mild movement 

increases and in individuals with a sedentary lifestyle. It has 
been put forth in studies carried out that body fat mass de-
creases and physical strength increases in individuals who 
carry out regular physical activities. In addition; it is also 
known that a sedentary (inactive) lifestyle leads to energy 
imbalance and thus increase in obesity. Thus, the results 
of our study support the results of relevant studies in this 
field (16, 17). Even though there is an increase in BMI 
with increasing muscle mass, this is not an indication of 
obesity. Even though it has been put forth in similar stud-
ies that the body mass indexes of participants are slightly 
above limits, this may be due to excessive muscle mass and 
that body mass index is missing in the definition of obesity 
(18, 19). Increases in body fat ratio and waist/hip ratio have 
been observed in the participants of this study parallel to 
an increase in BMI. It has been put forth in many studies 
carried out that the obesity disease which is characterized 
with excessive increases in body fat ratios is becoming a 
significant public health problem in many countries of the 
world and especially in developed countries. 

In the present study, a statistically significant increase 
was detected in the total energy consumption and active 
energy consumption of individuals parallel with increasing 
BMI. It has also been recorded that BMR has increased, 
however this increase was lower than expected. There was 
a parallel increase in the total energy consumption of indi-
viduals, physical activity durations, active energy consump-
tion, PAL, time spent with moderate intensity movement, 
time spent with high intensity movement and time spent 
with very high intensity movement; sleep efficiency was 
determined to decrease depending on the increase in total 
energy consumption. Spiegel et. al. (2004) carried out a 
study in which they put forth that sleep limitations cause 
changes in metabolic hormones that play significant roles 
in the arrangement of neuroendocrine and energy balanc-
es. So it can be stated that sleep efficiency might depend 
on sleep limitation in which case time spent for food in-
take may increase thus resulting in an increase in total en-

Table 12. Relationship of number of steps with PAL, time spent with moderate intensity movement, time spent with high intensity 
movement and time spent with very high intensity movement (n:50)

 PAL Time spent with  Time spent with Time spent with 
  moderate intensity  high intensity very high intensity 
  movement movement movement

Number of steps 0.7865 *** 0.7552 *** 0.5090 *** 0.4856 ***

*** P<0.001

Table 13.Relationship of PAL with time spent with moderate 
intensity movement, time spent with high intensity movement 
and time spent with very high intensity movement (n:50)

 Time spent with  Time spent with Time spent with 
 moderate intensity  high intensity very high intensity 
 movement movement movement

PAL 0.6879 *** 0.4286 ** 0.5118 ***

**P<0.01  *** P<0.001
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ergy consumed due to physical activity (20). Even though 
the obesity states of the individuals who participated in 
this study increased with BMI, body fat ratio and mus-
cle mass, obesity depends only on high fat ratio according 
to the obesity definition by the World Health Organiza-
tion. In this case, it was observed that BMI is missing in 
the definition of obesity and that bioelectrical impedance 
body analysis devices are important for the determination 
of the bodily components of individuals and the nutri-
tional treatment that will be provided accordingly. Even 
though it was observed that the number of steps decreased 
with increasing age and that the individuals tended more 
towards a sedentary lifestyle, the fact that the age interval 
of the individuals is close and limited prevents gaining ac-
curage information about the clarity of this issue. It was 
determined in our study that male individuals spent more 
active and total energy. Accordingly, sleep limitation was 
imposed and it can be stated to lead to a decrease in sleep 
efficiency. Even though there is an increase in the basal 
metabolic rates of individuals with increasing BMI and 
weight; it can be stated that it is lower in comparison with 
individuals at the same weight with ideal BMI and that 
depending on BMI increase, basal metabolic rate is lower 
than it should be. Total and active energy consumption 
values of individuals increased with increasing number of 
steps, times spent with moderate, high and very high in-
tensity movement. 
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