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GENDER-SPECIFIC ANTHROPOMETRIC
AND BODY COMPOSITION ANALYSIS
IN SLOVAK YOUNG ADULTS

ABSTRACT: The purpose of this study was to obtain the body composition (BC) characteristics, anthropometric
parameters and indices and to investigate the correlation between selected BC parameters and obesity indices in the
examined sample of 19- 30 years old Slovak population. The studied sample consisted of 143 men with mean age 22.89
*2.48 and 238 women with mean age 22.09 = 2.19. InBody 770 BC analyzer was used to detect the human BC. Results
revealed statistically significant sex differences in all main anthropometric measurements. We observed that men had
statistically significantly higher average values of body mass index (BMI), waist to hip ratio (WHR), waist to height
ratio (WHtR), fat free mass index (FFEMI) and body cell mass index (BCMI) and lower fat mass index (FMI) compared
to women (p < 0.001). Furthermore, men had significantly more fat free mass, lean body mass, skeletal muscle mass,
total body water, intracellular and extracellular water, protein and mineral content, bone's minerals and less fat mass,
visceral fat and percent of body fat than women (p < 0.001 ). The highest positive correlation coefficients were observed
between FMI and FM (r = 0.985 for men, r = 0.981 for women; p <0.001), FMI and visceral fat area (r = 0.964 for men,
7 =0.961 for women; p < 0.001); BMI and FM (r = 0.849 for men, r = 0.792 for women; p < 0.001), BMI and visceral
fat area (r = 0.820 for men, r = 0.769 for women; p < 0.001) in both genders. In the present pilot study we found, that
Slovak young men had significantly higher average values of active body components and the Slovak young women had
statistically significantly higher average values of non-active body components. Furthermore, we confirmed positive
correlation between BC and indices. These findings will be also helpful for future research to examine the associations
between BC and physical fitness status, health parameters and others.
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INTRODUCTION

Obesity is defined as abnormal or excessive fat
accumulation that may impair health. It is acknowledged
as one of the burning public health problems reducing
life expectancy and quality of life (Withrow, Alter 2011,
Hruby et al. 2016). The primary goal of assessing obesity
is to determine the proportion of fat mass (FM) relative
to lean body mass (LBM). FM comprises essential fat
and storage fat, the former being the fat necessary to
sustain normal physiological function and the latter
consisting primarily of adipose tissue. LBM, on the
other hand, includes several components, including
muscle, water, bone, connective tissue and internal
organs (Daver 2015).

Until recently, it was perceived that obesity mostly
affected middle age adults. However, a steadily
increasing trend of obesity among young adults,
especially college and university students, is becoming
evident (Poobalan, Aucott 2016). Young adults aged 18
to 24 are at the highest risk of becoming overweight or
developing obesity in the next decade of their life
compared to adults in any other age group (Katsoulis
et al. 2021). Previous studies have also documented that
the amount of weight gain in young adults depends on
their sex and being a male is the strongest predictor of
weight gain (Cluskey, Grobe 2009, Girz et al. 2013).

Body composition (BC) measurements not only
indicate systemic nutritional status and health status,
but also provide valuable information for the diagnosis
and treatment of various diseases, whose quality and
distribution are closely related to the health status of
people at all ages (Chomtho et al. 2006, Liang et al.
2018).

Because no data are available about the body
composition parameters defined by InBody 770 analyzer
in the group of Slovak young adults, the purpose of this
pilot study was to determine and examine the values
and differences in BC characteristics between women
and men. In addition, we determined correlation
between indicators of obesity and selected BC
parameters in both genders.

MATERIALS AND METHODS

The sample comprised 381 Slovak young adults
ranging in age from 19 to 30 years, who were enrolled
in this cross-sectional research during 2019-2020. All
study participants were evaluated in the Biomedical
laboratory of Department of Anthropology at Comenius
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University during the morning. Women and men were
approached and recruited using a nonrandom procedure
(based on volunteering and convenience). Each
participant provided written informed consent for this
study which adhered to the Declaration of Helsinki
principles.

Anthropometric measurements were taken using
standard anthropometric techniques by trained
anthropologists. Body mass index (BMI) was calculated
as body weight in kilograms divided by height squared
(WHO 2000) and values below 24.9 kg/m? were
considered as optimal. Waist-to-hip ratio (WHR) was
calculated as the circumference of the waist divided by
the circumference of the hips (WHO 2000) and values
less than 0.84 for women and less than 0.89 for men
were considered as optimal. Waist-to-height ratio
(WHtR) was calculated as the circumference of the
waist divided by height squared (Schneider et al. 2010)
and values below 0.48 for women and less than 0.52 for
men were considered as optimal. Normal weight obesity
(NWO) was defined as a BMI < 25 kg/m?and a % fat
mass (% FM) over the gender-specific in young adults
(25.5% for men and 38.9% for women).

InBody 770 BC analyzer (Biospace Co., Korea) was
used to detect the human BC based on the
recommendation provided in the user manual.
Participants were tested in the quiet state after fasting
and emptying in the morning. Participants stood
barefoot on the pedal plate electrode. The hands were
naturally hanging and held the hand electrode gently,
keeping the angle at 15° between the torso and the upper
limbs. The test included basal metabolic rate (BMR),
lean body mass (LBM), intracellular fluid (intacellular
water, ICW), extracellular fluid (extracellular water,
ECW), protein content, mineral content, body water
content (total body water, TBW), skeletal muscle
(skeletal muscle mass, SMM), body fat (FM) and body
cell mass (BCM). Body cell mass index (BCMI) was
calculated as BCM divided by height squared (kg/m?).
Fat mass index (FMI) was calculated as FM divided by
height squared (kg/m?) and fat free mass index (FFMI)
was calculated as FFM divided by height squared
(kg/m?). FM (%) was divided into three sub-groups;
values under normal (% FM < 10% for men and % FM
< 18% for women), range within 10% to 20% for men
and range within 18% to 28% for women were considered
as normal and values over normal (% FM > 20% for
men and % FM > 28% for women). Visceral Fat Area
(VFA) is based on the estimated amount of fat
surrounding internal organs in the abdomen. Values of
VFA under 100 cm? were considered as optimal. These
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detailed body composition variables were displayed in
computer through LookinBody programme software.

All statistical analyses were performed with IBM
SPSS for Windows (Statistical Package for the Social
Science, version 20.0, Chicago, IL) and statistical
significance was defined as p < 0.05. Kolmogorov-
Smirnov test was used for checking for the normality of
data distribution. General linear models (GLMs) were
used to determine differences in BC between women
and men, with age as the covariate. To assess correlation
between the variables the Pearson’s chi-square test was
used in case of normally distributed variable and
Spearman nonparametric test for data with non-normal
distribution.

RESULTS

The basic anthropometric parameters and indices
in both genders are summarized in Table 1. Results
revealed significant differences in all anthropometric
variables between men and women (p < 0.001). Men
attained mean values of all investigated parameters
higher than the women except for mean value of FMI.
Among the group of women, 15.12% participants had
the BMI higher than optimal (i.e. BMI > 24.9 kg/m?),
2.52% had higher values of the WHR index than optimal

(i.e. WHR > 0.84) and 7.56% had higher values of the
WHItR index than optimal (i.e. WHtR > 0.48). On the
other hand, in the sample of men were 43.35% of
subjects with higher value of BMI than optimal, 4.90%
men with higher value of WHR index and 6.29% men
with higher value of WHtR index than optimal.
Differences in distribution of BMI categories between
men and women were statistically significant (x> =
38.399,df=2, p <0.001). Differences in distribution of
WHR and WHtR categories between men and women
were not statistically significant (x*> = 1.528, df = 1,
p=0.216 vs. x> = 3.907, df = 2, p = 0.142). NWO (BMI
<25 kg/m?and %FM > 25.5%) was found only in group
of men (n = 4; data not shown in table).

The mean values of bioelectric impedance variables
are shown in the Table 2. After adjustment for age we
found statistically significant differences between men
and women practically in all examined parameters. The
men attained significantly higher fat free mass (FFM;
p <0.001), lean body mass (LBM; p < 0.001), skeletal
muscle mass (SMM; p <0.001), total body water (TBW;
p <0.001), intra- and extracellular water ICW and ECW;
p < 0.001), body cell mass (BCM; p < 0.001), phase
angle (PA; p <0.001) and basal metabolic rate (BMR;
p <0.001) and significantly less fat mass (FM; p=0.020),
fat mass in percentage (FM%; p <0.001) and visceral fat
area (VFA; p <0.001) than women of studied sample of

TABLE 1: Anthropometric characteristic and obesity indices of young adults. SD, standard
deviation; p?, value of statistical significance adjusted for age; BMI, body mass index; WHR, waist
to hip ratio; WHtR, waist to height ratio; BCMI, body cell mass index; FMI, fat mass index; FFMI,

fat free mass index.

Men Women

Number of participants n=143 n=238
Mean SD Mean SD p?

Height, cm 180.25 £ 17.29 166.86 £ 623 <0.001
Weight, kg 80.08 + 12.94 61.11 + 10.80 <0.001
Waist circumference, cm 82.18 + 8.40 70.02 t 7.67 <0.001
Hip circumference, cm 100.64 + 7.02 95.03 + 8.51 <0.001
BMI, kg/m? 24.63 £ 3.63 21.94 + 3.66 <0.001
WHR 0.82 + 0.04 0.74 + 0.05 <0.001
WHtR 0.46 £ 0.05 0.42 £ 0.05 <0.001
BCMI 13.14 £ 1.32 10.13 + 0.89 <0.001
FMI 4.67 + 240 6.32 £ 2.79 <0.001
FFMI 19.93 + 203 15.61 + 1.34 <0.001
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young adults. Furthermore, women had higher percentages
of increased values of %FM as well as VFA (cm?) than
men (44.12% vs. 35.66% for FM, 18.90% vs. 12.60% for
VFA). Howeyver, these differences were not statistically
significant (p = 0.232; p = 0.070).

Table 3 shows correlation coefficient between
indicators of obesity, i.e. BMI, WHR index, WHtR index,
FFMI, FMI and BCMI and selected BC parameters
examined in sample of men. In the men's group we
observed the highest positive correlation coefficients
between BMI and FM (kg; r = 0.849; p < 0.001); BMI
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and VFA (cm? r = 0.820; p < 0.001); WHtR and FM
(kg; r = 0.827; p < 0.001), WHtR and VFA (cm?
r=0.790; p <0.001), FMI and FM (r=0.985; p <0.001)
and FMI and VFA (r = 0.964; p < 0.001).

Correlation coefficients between indicators of
obesity and selected BC parameters examined in the
women's group are presented in Table 4. The highest
positive correlation coefficients for women we observed
between BMI and FM (kg; r = 0.792; p < 0.001), FMI
and FM (kg; r = 0.981; p < 0.001); FMI and VFA (cm?;
r=0.961; p <0.001).

TABLE 2: Selected body composition characteristics of young adults. SD, standard deviation; p?, value
of statistical significance adjusted for age; p®, value of statistical significance (Pearson Chi square test).

Men Women
Number of participants n=143 n=238
Mean SD Mean SD p*
Fat Mass, kg 15.12 + 7.58 17.55 + 172 0.020
Fat Mass Percentage, % 18.26 + 6.86 27.83 + 7.16 <0.001
Visceral Fat Area, cm? 62.67 + 3518 77.31 + 3943 <0.001
Fat Free Mass, kg 64.87 + 8.59 43.53 + 53 <0.001
Lean Body Mass, kg 61.24 + 7.93 4091 + 472 <0.001
Protein, kg 12.90 £ 1.67 8.52 £+ 0.99 <0.001
Mineral content, kg 4.55 = 0.67 3.13 + 0.38 <0.001
Bone mineral content, kg 3.77 + 0.57 2.61 + 0.32 <0.001
Skeletal Muscle Mass, kg 36.94 + 5.04 23.73 + 2.99 <0.001
Total Body Water, | 47.55 £ 6.16 31.87 £ 3.67 <0.001
Intracellular Water, 1 30.07 t 463 19.73 + 229 <0.001
Exracellular Water, 1 17.69 t 232 12.13 t 1.40 <0.001
Body Cell Mass, kg 42.76 + 553 28.26 + 328 <0.001
Phase Angle 6.42 £ 0.62 5.16 + 0.46 <0.001
Basal Metabolic Rate, kcal 1774,08 + 183,08 1310,20 + 108,55 <0.001
N % N % p

Fat Mass Percentage category, %

Under 11 7.70 13 5.46

Normal 81 56.64 120 50.42 0.232

Over 51 35.66 105 44.12
Visceral Fat Area, cm?

Normal 125 87.40 193 81.10 0.070

Over 18 12.60 45 18.90
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TABLE 3: Correlation coefficient between obesity indicators and selected body composition characteristics of men. BMI,
body mass index; WHR, waist to hip ratio; WHtR, waist to height ratio; BCMI, body cell mass index; FMI, fat mass index;
FFMLI, fat free mass index; r, correlation coefficient; ** < (0.01, *** <0.001, n.s, the difference was not statistically significant.

BMI WHR WH(R FFMI FMI BCMI
Fat Mass, kg 0.849%** 0.527%** 0.827*** 0.333%** 0.985%** 0.328%**
Visceral Fat Area, cm? 0.820%*** 0.511%** 0.790%** 0.305%** 0.9647*** 0.296%***
Fat Free Mass, kg 0.528%*** 0.344%** 0.363%** 0.784%%** 0.155 n.s. 0.740%**
Lean Body Mass, kg 0.544%** 0.330%** 0.362%** 0.752%** 0.165 n.s. 0.757%**
Skeletal Muscle Mass, kg 0.544%** 0.332** 0.365%** 0.766*** 0.154 n.s. 0.772%**
Total Body Water, | 0.543%** 0.329%** 0.360%** 0.748%** 0.167 n.s. 0.752%**
Intracellular Water, 1 0.502%** 0.313%** 0.367%** 0.672%** 0.174 n.s. 0.677***
Exracellular Water, 1 0.536%** 0.319%** 0.348%** 0.711%** 0.186 n.s. 0.710%**

0.544%** 0.333%** 0.365%** 0.766%*** 0.155 n.s. 0.773%**

Body Cell Mass, kg

TABLE 4: Correlation coefficient between obesity indicators and selected body composition characteristics of women. BMI,
body mass index; WHR, waist to hip ratio; WHtR, waist to height ratio; BCMI, body cell mass index; FMI, fat mass index;
FFMI, fat free mass index; r, correlation coefficient; ** < 0.01, *** <(0.001, n.s, the difference was not statistically significant.

BMI WHR WHtR FFMI FMI BCMI

Fat Mass, kg r | 0.792%** 0.509%** 0.768*** 0.267*** 0.981%** 0.257%**
Visceral Fat Area, cm? r | 0.769%** 0.506%*** 0.738%** 0.254%* 0.961%** 0.242%*

Fat Free Mass, kg r | 0.506%** 0.065 n.s. 0.306%** 0.763%** 0.294%*%** 0.754%**
Lean Body Mass, kg r | 0.505%** 0.063 n.s. 0.304%** 0.763%** 0.293%** 0.754%**
Skeletal Muscle Mass, kg r | 0.509%** 0.064 n.s. 0.309*** 0.771%** 0.295%** 0.766%**
Total Body Water, 1 r | 0.504%** 0.064 n.s. 0.303*** 0.762%** 0.293%** 0.752%**
Intracellular Water, | r | 0.508%** 0.065 n.s. 0.308*** 0.770%** 0.293%** 0.765%**
Exracellular Water, 1 r | 0.492%** 0.063 n.s. 0.293%** 0.740%** 0.289%** 0.723%**
Body Cell Mass, kg r | 0.508%** 0.064 n.s. 0.309%** 0.771%** 0.294%** 0.766***

DISCUSSION

Our study demonstrated differences in anthropometric
parameters, BC and obesity indices between young
adults. Men had significantly higher mean values of
body height, body weight, as well as waist and hip
circumference. Similarly, men had significantly higher
mean values of obesity indices (BMI, WHR, WHtR,
FFMI, BCMI) compared to women. Between categories

of BMI, we recorded statistically significant differences
between the group of men and the group of women
(p<0.001). Higher value of BMI than optimal had 43.35%
of men and 15.12% of women. This higher percentages
of BMI in men may be due to the fact that BMI does
not take into account the person's body fat vs. muscle
content. Because muscle weighs more than fat, BMI
can class muscly, athletic people as fatter than they
really are. Rothman (2008) and McAllister et al. (2009)
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also pointed out that individuals classified according to
BMI categories as overweight generally had the same
or in some cases better results in terms of their health
profile compared to those who had normal values
according to BMI. Mahadevan and Ali (2016) reported
that BMI does not correspond to BC and if a man and
a woman have the same height and weight, they may
have the same BMI, but the woman has more body fat
than a man. Jackson et al. (2002), Pischon et al. (2008)
and Melmer et al. (2013) pointed out that there are
discrepancies between increased FM and BMI because
BMI cannot distinguish muscle tissue from adipose
tissue or the distribution of adipose tissue in the body,
and therefore some individuals, despite having optimal
BMI, may have an increased amount of FM. According
to Zeng et al. (2014), Babai et al. (2016), Dimitriadis
et al. (2016) BMI should therefore be used with caution
in predicting metabolic and cardiovascular diseases
associated with obesity, because even individuals with
low BMI have an increased risk of these diseases, and
therefore it is difficult to determine their optimal extent
of BMI. However, BMI continues to be widely used in
various types of studies, despite objection of several
authors that BMI has little diagnostic value (Kyle et al.
2004, Amir, Rakhshanda 2009, Gaba eral. 2014).
Higher average values of WHR and WHtR are the result
of higher values of body height, waist and hip
circumference in the group of men. Similar conclusions
were reached in the studies of Mandel et al. (2004) and
Heymsfield ef al. (2009), in which they pointed to
a significant influence of greater musculature in men
than in women on these anthropometric parameters
and indices. In our study, higher average values of WHR,
WHtR in men may also be due to the fact that men
accumulate more fat in the abdominal area, as reported
in the study by Nauli and Matin (2019), where pointed
out to different hormonal mechanisms of body fat
storage in men and women in the abdominal area. WHtR
index can be according to Ehramphoush et al. (2017)
a good indicator of body fat, especially in adults whose
body height does not change relatively. Similarly,
Shneider et al. (2007) reported the WHtR index as
a better predictor of the risk of cardiovascular disease
compared to other anthropometric indices. Melmer
etal. (2013) demonstrated a high correlation of
cardiovascular risks with the WHtR index and, as in
our study, in the study of Ehramphoush et al. (2017),
the WHtR index showed a strong correlation with FM.
Swainson et al. (2017) indicated that the WHtR index
is the best predictor of FM and viscellar fat percentages
in both men and women, while BMI as a predictor of
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body fat percentages in both gender is not reliable.
According to a study by Ehramphousha et al. (2017),
where data from 1,360 men and women from Iran were
analyzed, BMI and WHtR were the most appropriate
indices for determining FM. VFA has been considered
in several studies to be a potential marker for
cardiovascular risk detection (Després, Lemieux 2006,
Katzmarzyk et al. 2014, Neeland et al. 2016). Similar
conclusions were reached by Maximo et al. (2018), who
examined 50 obese individuals from Brazil and
correlated selected BC parameters with BMI, WHR,
and WHtR obesity indices, and found that FM had the
highest correlation with BMI in both gender. However,
Méximo et al. (2018) reported that VFA correlates only
with BMI, WHR, WHItR, excusively in women. They
attributed this difference to a small sample of men who
were included in the study and considered WHR to be
a poor predictor of obesity, as they showed a weak
correlation with physical parameters.

Our study women had a statistically significant higher
average value of FMI and lower mean values of FFMI
and BCMI compared to men. Similar results were found
in the study of Sengupta (2014), where women from
India between the ages of 18 and 22 had higher values
of FMI than men in the same age range. In this study
the higher value of FMI is the result of higher total FM
and FM percentage in women compared to men. Our
men had also significantly higher average values of
BCMI (p <0.001) compared with women, but in both
groups were optimal range of this index. In the study of
Talluri et al. (2003) reported that BCMI is a very good
identificator of muscle mass and protein in the body,
and therefore compared in their study the differences
in muscle mass between athletes, patients with renal
dialysis, mental anorexia, and relatively healthy
individuals. It is clear from the results of this study that
healthy men and athletes had significantly higher BCMI
values than patients on renal dialysis and observed the
same differences in women divided into the same groups.
On the other hand, men and women who have low
BCMI values may suffer from malnutrition, and
therefore Talluri ef al. (2003) argued that BCMI is more
sensitive to monitoring the nutritional status of
individuals than BMI.

We observed significant differences in all body
parameters between men and women. SMM and FFM
had higher average values in men. Results showed that
men had also more active body mass and LBM than
women, which is confirmed by a study of Janssen et al.
(2000) and Lu et al. (2012). In the study by Schorr et al.
(2018) also found, that men and women differed
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significantly in FM and women had higher FM levels
than men. The higher amount of muscle mass in men
may be interpreted in the same sense as the sexual
dimorphism in stature height, as a result of sexual
selection. Gender differences in BC, first of all in FM,
seem to reflect gender typical energetic demands of
reproductive physiology. FM, in particular subcutaneous
fat of the lower body region, represents an important
energy store, which enables the female body to bear the
energetic costs of pregnancy and lactation (Ellison 1990,
Kirchengast, Huber 2001, Kirchengast 2010). Our
women had a lower mean metabolic expenditure (1310
+108.55 kcal) than men (1774.08 + 183.08). Similar, in
the study of Buchholz et al. (2002) reported that low
basal metabolic levels in women associated it with the
fact that women have a higher average amount of FM
compared to men. Zhang et al. (2016) showed in their
study that basal metabolic expenditure is higher in
people with overweight and obesity. Our results also
showed that men had significantly higher mean amounts
of TBW (I; 47.55+6.16) as wellas ICW (1; 30.07 + 4.63)
and ECW (I; 17.69 = 2.32 1) than women (31.87 £ 3.67,
19.73 £2.29; 12.13 + 1.40). The amount of water in the
body but also in the cells reflects not only the state of
tissue function, but also the proper physiology of the
cells. Liang et al. (2018) investigated that men and
women under the age of 30 also had different average
amounts of ECW and ICW, while in men it was on
average 14.32 1 of ECW, in women 10.21 | as well as
ICW was slightly less in women compared tomen (16.51
vs. 24.06 1). Changes in the volume of ECW and ICW
may reflected metabolic conditions and overall body
nutrition in both genders (Liang efal. 2018).
A significant imbalance of ECW to TBW was
demonstrated also in studies of patients with chronic
obstructive pulmonary disease, acute heart failure,
chronic liver disease, HIV-positive patients, and in
dialysis patients. In addition, excess ECW has also been
observed especially in patients with liver cirrhosis
(Schwenk ez al. 2000, Jones, Newstead 2004, Nescolarde
et al. 2004, Slinde et al. 2005, Kahraman et al. 2010,
Omata et al. 2017).

Despite our interesting findings, there are some
limitations that need to be acknowledged. The sample
size of study women and men were relatively small (n =
381) and for future studies, it would be paramount to
enlarge the study sample for a detailed analysis. Further,
the study is cross-sectional and may have had selection
bias during participation recruitment, and the particular
study design may limit result generalization to all Slovak
young adults.

CONCLUSION

In the present pilot study we found, that Slovak young
men had significantly higher average values of active
body components. In contrast, the Slovak young women
had statistically significantly higher average values of
non-active body components, such as body fat mass,
visceral fat and body fat in percentages. Furthermore,
we confirmed positive correlation between BC and
indices. In the future, these pilot findings will be used
to analyze associations between body composition
parameters and physical fitness status, health parameters
and others.
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