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Assessment of body composition of young female adults 
using anthropometry and bioelectric impedance analysis

Background. Body composition correlates directly with the continuum of health, ranging from 
mortality and morbidity to immunity, longevity, high function and athletic performance. The 
aim of the study was to compare the body composition studied by anthropometrical methods 
and by BIA and to get reference values data for different parameters describing body composi-
tion in young Slovene women.

Material and methods. Body composition of a group of 34 female adult soldiers of the 
Slovenian army was analyzed by using, for the first time in Slovenia, Soft Tissue Analyzer / Body 
Impedance Analyzer (STA / BIA) (Akern, Italy). At the same time, two-compartment body com-
position analysis was performed using anthropometry. 

Results. Our results revealed strong correlation (r = 0.88) between anthropometrically de-
termined body composition (mean estimated fat % = 25.18%) and body composition deter-
mined by bioelectrical impedance analysis (mean estimated fat % = 28.5%). The mean values 
of phase angle were 6.35°. Some comparisons with similar groups were done, and the results 
showed that our group had a higher amount of fat mass. 

Conclusions. High correlation was found between the elements of body composition ana-
lysed by both anthropometrical and BIA methods. Both methods are precise and suitable for the 
analysis of body composition. More studies among such groups are recommended.
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INTRODUCTION

Analysis of body composition has a long history at our 
Department. Our outstanding anthropologist Prof. Dr. Božo 
Škerlj was the founder of the Slovenian physical anthropology 
and of the Department in 1946. One of his main scientific re-
search fields was body composition and constitution, mainly of 
the female body. In 1959, he published a well known methodol-
ogy of describing human physique on the basis of four aspects 
or four vectors continuum, nowadays still well known. One of 
them was the aspect to assess the amount of soft tissue and the 
other, the distribution of subcutaneous fat tissue in human body. 
The other two deal with the assessment of sex expression and 
type of body constitution (1, 2). Later anthropometry was used 
for determining body composition applying the method of two 
compartment analyses and anthropometrical method of five-
way fractionation of body mass (3–6). Nowadays we analyse 
body composition also by using different bioelectrical imped-
ance analyzers (7–12). 

The importance of body composition research is in the fact 
that body composition correlates directly with the continuum 
of health, ranging from mortality and morbidity to immunity, 
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longevity, high function and athletic performance. The data 
on body composition is useful information about an individu-
al’s health. Very important indices are the amount of water, the 
amount of muscle mass, and the amount of body fat, the most 
often analyzed component. Numerous health problems are con-
nected with the amount of fat. A high trend of overweight peo-
ple is found all over the word, but, on the other hand, there are 
problems associated with underweight and too low amount of 
fat. Therefore, the purpose of body composition analysis is to as-
sess and improve the function, help maintaining the function, 
productivity, immunity, physical performance and longevity.

The aim of our research was to find the elements of body 
composition in a sample of healthy young adult female group. 

We used the method of anthropometry and measurements 
by the STA / BIA machine. We verified the degree of correla-
tion between the results of both methods and compared our 
results with the results of similar groups. However, first of all, 
we planned to get reference values and range values for the pa-
rameters of the body composition done by Soft Tissue Analyzer 
and to look for the diversity of Akern BIA Vector Nomograms in 
hydration state and phase angle. 

MATERIALS AND METHODS

Healthy adult female members of Slovenian army were recruited 
in 2005. The measurements were part of NATO Project Science 
for Peace and Security conducted by Prof. Dr. Igor Mekjavic 
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Table 1. Anthropometric characteristics of Slovene female group

Parameter N min Max R X SEx SD SESD KV% SEKV%
Age (years) 34 18 31 13 24.82 0.57 3.34 0.41 13.47 2.31

Stature (cm) 34 154.9 180.20 25.30 168.35 1.03 6.03 0.73 3.58 0.61

Weight (kg) 34 47.50 89.90 42.40 62.47 1.39 8.10 0.98 12.96 2.22
Triceps skinfold (mm) 34 8.80 32.40 23.60 17.67 0.92 5.36 0.65 30.33 5.20

Subscapular skinfold (mm) 34 6.60 31.20 24.60 13.59 0.91 5.33 0.65 39.22 6.73

Suprailiacal skinfold (mm) 34 6.40 33.20 26.80 19.45 1.20 6.99 0.85 35.96 6.17
Abdominal skinfold (mm) 34 7.80 33.00 25.20 16.39 1.03 6.00 0.73 36.59 6.28

Medial thigh skinfpld (mm) 34 10.80 45.00 34.20 28.09 1.47 8.59 1.04 30.56 5.24

Medial calf skinfold (mm) 34 6.80 27.20 20.40 15.35 0.99 5.79 0.70 37.72 6.47

from the Institute Josef Stefan Ljubljana. Altogether, 432 people 
of both sexes were measured. Only 34 females passed the an-
thropometrical measurements and measurements by the Soft 
Tissue Analyzer. Mean age was 24.8 (minimum value 18 years 
and maximum value 31 years). All the subjects showed their co-
operation by signing an agreement. Permission to conduct the 
study was also obtained from the Commission of Medical Ethics 
of the Ministry of Health of the Republic of Slovenia.

Measurements were done in the morning only at the Institute 
Josef Stefan in Ljubljana and in the House of Mariner in Ankaran 
by well-trained people. The place was warm and bright. Based on 
standard methods and done by standard instruments (13–15), 
30 parameters were measured. For the purpose of this analysis 
we chose stature, weight, skinfold sites on triceps, subscapular, 
suprailiacal, horizontal abdomen, medial thigh and medial calf. 
For the need of two-compartment analysis of the body compo-
sition we calculated body density based on prediction formula 
after Jackson and Pollock (1980, jp80):
BD jp80 = 1.0994921 – 0.000994921 × (SFTri + SFSupil + SFThi) 
+ 0.0000023 × (SFTri + SFSupil + SFThi)2 – 0.0001392 × AGE,
where BD is body density, SFTri is skinfold on triceps (mm), 
SFSupil is skinfold on suprailiacal site (mm), SFThi is skinfold 
on medium thigh (mm), AGE is age in years. 

Taking body density we calculated fat percentage using Siri1 
which is most commonly used and by modified Siri2 according 
to the recommendation of Heyward and Stolarczyk (14):
%BF Siri1 = (4.95/BD – 4.50) × 100; %BF Siri2 = (5.01/BD – 
4.57) × 100.

Then we calculated fat mass (FM) and fat free mass (FFM) 
according to the following formulas: FM (kg) = (%BF / 100) × 
weight in kg; FFM (kg) = weight (kg) – FM (kg). All those for-
mulas are suitable for adult Caucasian population.

Bioelectrical impedance analysis was carried out using Soft 
Tissue Analyser / Body Impedance Analyzer – STA/BIA (Akern 
Bioresearch, Italy). Impedance analysis was performed applying 
classic tetra polar technique, using sinusoidal current injection 
at the fixed frequency of 50 kHz. The subject had to lie at least 
five minutes because of the distribution of all body fluids. The 
positioning of the subject and electrodes had to be obtained very 
carefully. They were not allowed to drink alcohol, coffee and tea 
for 48 hours before the measurements, two hours prior to the 
measurements they were not allowed to eat, they visited toilet, 

they were not in the menstrual cycle and they did not wear any 
metal jewellery (16).

In BodyGram 1.3 we had to inscribe stature, body mass, 
sex and age of the subject measured. Fig 1 shows a case of 
BodyGram – a qualitative and quantitative body composition 
analysis. STA / BIA measured resistance and reactance and phase 
angle. Computer program presented the results in a form of a re-
port in which the following compartments were calculated: body 
cell mass (BCM), total body water (TBW), extracellular water 
(ECW), intracellular water (ICW), fat mass (FM), fat free mass 
(FFM), muscle mass (MM), basal metabolic rate (BMR), body 
mass index (BMI) and body cell mass index (BCMI). Nomogram 
BIAVECTOR showed the physiological state of the subject in a 
special graphical form. The Nomogram, shown in the elliptical 
form, was composed of three areas: confidence (50%), tolerance 
(75%) and abnormality (95%). The Nomogram was divided by 
sloping horizontal and sloping vertical lines to the zones of de-
hydration, malnutrition, fluid overload and good nutrition (16) 
(Figure). Our results were compared with the group of female 
students from Slovenia (8) and a group of Swiss adult females 
(17, 18). The results were analysed by standard statistical me-
thods in Microsoft Excell, Student’s t-test and Pearson’s correla-
tions coefficient (19).

RESULTS

Table 1 presents basic statistical parameters for anthropometri-
cal measurements.

The mean age of females was 24.82. The mean stature was 
168.35 cm and weight 62.47 kg. Slovene female students with 
mean age of 22 years have mean stature 167.72 cm and weight 
60.37 kg (8). 

Table 2 presents basic statistics of calculated two-compart-
ment body composition parameters. The amount of fat was 
25.18% using Jackson and Pollock’s formula and calculated by 
Siri1, and in the student group calculated by the same formu-
las 22.20% (1% risk considered to be significant). Fat percentage 
using Siri2 was 23.94% (1% risk considered to be significant). 
Mean BMI was 22.04 in a range from 18.32 to 33.63.

Table 3 presents the results of measurements and calculation 
done by the STA / BIA machine.
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The mean value for the predicted fat mass calculated by 
STA / BIA was 18.15 ± 6.48 kg, the mean value of fat mass with 
Siri1 16.01 ± 5.36 kg and with Siri2 15.24 ± 5.32 kg. Pearson’s 
correlation coefficient was between STA / BIA and Siri1 r = 0.88, 
between STA / BIA and Siri2 r = 0.87 and between Siri1 and 
Siri2 r = 1.00. All those high values show that the methods are 
positively correlated. 

The normal phase angle ranges of health controls are be-
tween 6 and 8 degrees. In our group, the mean values of phase 
angle were 6.35 degrees ±0.47. Student population has RZ, % fat, 
kg fat measured by BIA significantly smaller (p < 0.001).

DISCUSSION 

Zerbo-Šporin (8) in her doctoral thesis confirmed that Jackson-
Pollock’s regression formula which we applied to calculate the 
body density from skinfolds on triceps, suprailiacal, thigh and 
age was the most suitable for determining the body composition 
of females in early adulthood period. Prediction error of den-
sity using this formula is only 0.8% and it highly correlates with 
the density determined by underwater weighing (r = 0.915) (7). 
The mean value of fat percentage was 25.18% (Siri1) and 23.94% 
(Siri2). Heyward and Stolarczyk (12) recommend 23% fat for 

female groups. Our group had higher value. After their catego-
rization they belonged to a group over the recommended one 
(24–31%). Results of anthropometrical measurements of female 
soldiers from USA 17–22 years of age (mean stature = 164.1 cm 
and weight = 55.8 kg) shows mean value for % fat of 28.7% (18). 
High correlation was found between the sum of skinfolds and 
body fat (r = 0.997).

Our females had 28.5% of body fat measured by STA / BIA 
which is also higher than the recommended values.

Quoted by the producer Akern (16), the recommended value 
for females under 30 years of age is between 16–20%. What is 
the reason for the results? This group had relatively orderly nu-
trition diet and enough physical activity. The increase might be 
due to the general trend of bigger fatness in the entire world.

The mean value of BMI was 22.04 ± 2.65. Body mass and 
BMI are not good indicators of changes in the amount of fat and 
fat free mass (17, 18). Tallury (20) suggests substituting BMI as 
an indicator of nutritional state by body cell mass index (BCMI). 
This index is defined as body cell mass in kg/stature in m2. BIA 
method and phase angle have been reported as a prognostic tool 
in various clinical situations, such as renal disease, pulmonary 
tuberculosis, cancer, HIV (21).

Table 2. Two-compartment body composition parameters

Parameter N Min Max R X SEx SD SESD KV% SEKV%

BDjp80 (g/cm3) 34 1.0168 1.0713 0.0545 1.0419 0.0022 0.0130 0.0016 1.2472 0.2139
%BF Siri1 34 12.06 36.84 24.78 25.18 1.01 5.91 0.72 23.46 4.02

FM Siri1 (kg) 34 5.73 33.12 27.39 16.01 0.92 5.36 0.65 33.46 5.74

FFM Siri1 (kg) 34 37.16 56.78 19.62 46.46 0.79 4.62 0.56 9.94 1.71
%FFM Siri1 34 63.16 87.94 24.78 74.82 1.01 5.91 0.72 7.90 1.35

%BF Siri2 34 10.66 35.74 25.08 23.94 1.03 5.98 0.73 24.97 4.28

FM Siri2 (kg) 34 5.06 32.13 27.07 15.24 0.91 5.32 0.64 34.89 5.98
FFM Siri2 (kg) 34 37.78 57.77 19.98 47.24 0.81 4.70 0.57 9.95 1.71

%FFM Siri2 34 64.26 89.34 25.08 76.06 1.03 5.98 0.73 7.86 1.35

BMI (kg/m2) 34 18.32 33.63 15.31 22.04 0.46 2.65 0.32 12.04 2.06

Table 3. Parameters calculated by Bodygram®

Parameter N min max R X SEx SD SESD KV% SEKV%

RZ (Ohm) 34 492 898 406 592.82 13.18 76.85 9.32 12.96 2.22

XC (Ohm) 34 51 90 39 65.88 1.49 8.71 1.06 13.22 2.27
PA ( o) 34 5.3 7.2 1.9 6.35 0.08 0.47 0.06 7.37 1.26

FM BIA (kg) 34 8.90 45.30 36.40 18.15 1.11 6.48 0.79 35.69 6.12

%FM BIA 34 17.00 50.40 33.40 28.50 1.04 6.09 0.74 21.36 3.66
FFM BIA (kg) 34 37.60 51.10 13.50 44.24 0.60 3.47 0.42 7.85 1.35

%FFM BIA 34 49.60 83.00 33.40 71.50 1.04 6.09 0.74 8.51 1.46

MM BIA (kg) 34 22.10 30.40 8.30 25.91 0.36 2.12 0.26 8.19 1.40
%MM BIA 34 30.00 47.10 17.10 41.87 0.57 3.30 0.40 7.88 1.35

TBW BIA (l) 34 27.60 38.80 11.20 33.43 0.50 2.90 0.35 8.67 1.49

%TBW BIA 34 40.10 61.50 21.40 53.93 0.69 4.01 0.49 7.43 1.28
BCM BIA (kg) 34 17.90 24.60 6.70 20.91 0.29 1.71 0.21 8.16 1.40

%BCM BIA 34 44.00 49.40 5.40 47.29 0.21 1.20 0.15 2.54 0.44
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Relatively little is known about reference values of phase an-
gle in healthy population. Barbosa-Silva and co-authors (21) con-
ducted a study on 1967 healthy adults to understand the relation 
between phase angle and such variables as sex, age and body-com-
position. In their study phase angle of female was 6.53° ± 1.01°.

In 2004, Buffa and co-authors measured population in 
Sardinia, in a group of 101 females between 20 and 30 years, and 
found the mean value of phase angle 6.5° (22). Bosy-Westphal 
(23) analysed a large sample of healthy German population. The 
use of specific population and probable impedance analyzer 
specific reference values of phase angle is recommended.

We compared our results with the results of Slovene students 
(8) and Swiss females (17). Our females were significantly high-
er than the Swiss group, and the same difference was observed in 
weight. Fat percentage measured in all the three groups by BIA 
showed higher values in our group. Because our group was older 
this could be also the reason for such a result.

CONCLUSIONS

High correlation was found between the elements of body com-
position analysed applying both anthropometrical and BIA me-
thods. Both methods are precise and suitable for the analysis of 
body composition. The results produced by STA / BIA analyzer 
provided us with the basic information concerning the means 
and ranges of all the calculated parameters. Thus, we have ac-
quired a lot of information for further studies.

Our group of females has higher values of fat mass compared 
to other suitable groups; therefore, we recommend more studies 
of body composition among such groups. 
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