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Summary

Study aim: The aim of the study was to evaluate the total fat and fat distribution in young active and physically inactive women.
Material and methods: The study group consisted of a total of 300 students from Warsaw aged 20 to 25 years. The weekly 
physical activity level expressed in metabolic equivalent task was assessed using the International Physical Activity Question-
naire. The distribution of adipose tissue was assessed on the basis of anthropometric measurements by somatometry. The waist 
and hip circumference, body mass and height were measured. Body mass index and waist to hip ratio were calculated. General 
fat was evaluated by bioelectric impedance.
Results: Physically active students had significantly lower (p < 0.001) body mass, waist and hip circumference, lower body fat 
content and lower BMI and WHR compared to inactive students. Weight loss and the gynoidal type of adipose tissue distribu-
tion were more frequent among physically active subjects. In inactive women the androidal-abdominal type of distribution 
dominated. A healthy somatic profile characterized by BMI in the normal range, gynoid type of adipose tissue distribution and 
normal or slightly lower body fat was significantly more frequent in physically active subjects (36% vs. 15%).
Conclusions: Lack of physical activity was associated with larger waist and hip circumference, higher BMI and unfavorable 
adipose tissue distribution (androidal), which increases the risk of metabolic diseases in women. The study indicates the need 
for education and implementation of disease prevention programs regarding abdominal fat distribution and overweight among 
young women.
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Introduction 

The total amount of adipose tissue and its distribution 
have a significant impact on the risk of occurrence of car-
diovascular diseases. In women with a comparable body 
mass index (BMI), the waist to hip ratio (WHR) may vary. 
An increasing amount of visceral fat and thus the occur-
rence of central obesity increases the risk of metabolic 
syndrome [9]. 

It is believed that having waist circumference more 
than 102 cm in men and more than 88 cm in women shows 
central fat distribution or apple shape obesity and consid-
ers as a risk factor for cardiovascular diseases, high blood 
pressure and diabetes. The waist circumference plays a key 
role in the development of metabolic disorders, which are 
found in one third of the obese [23, 29].

As shown in the Inter Heart study, abdominal obesity 
is the second most common cardiometabolic risk factor 

for myocardial infarction, in addition to hypertension, 
hypercholesterolemia or smoking [21]. According to sci-
entific reports, the amount of visceral fat (especially af-
ter menopause) and subcutaneous fat tissue increases in 
women with age and hormonal changes. The area of fat 
mass in the ventricle is also growing, especially in mature 
women [25]. 

The amount of adipose tissue and the site of its accu-
mulation in the body significantly affect the risk of de-
veloping metabolic, cardiovascular, and cancer diseases. 
Both excess body fat and its deficiency have serious health 
consequences in women, especially during the working 
age [14, 20].

Obesity is a risk factor for infertility and pregnancy as 
well as perinatal complications [10]. Excessive body mass 
and body fat also increase the risk of fetal metabolic dis-
eases and affect menstrual disorders in young women [7].

Among women with an elevated waist-hip ratio 
(WHR), as indicated by the studies [1, 19], mortality from 
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breast cancer is higher compared with women with values ​​
not exceeding 0.8.

In addition to the factors directly linked to the struc-
ture and composition of the body, lifestyle-related factors 
contribute to increased risk of the development of many 
diseases at an early age, particularly abnormal nutrition, 
stress and lack of physical activity, but also, to some ex-
tent, genetic factors [4].

Studies show that the risk of obesity and related dis-
eases such as diabetes, cardiovascular disease or some 
cancers increases among inactive people [3, 6, 29].

In recent years the world has seen a  decline in the 
amount of physical activity being undertaken in each age 
group. This situation is conducive to the development of 
many metabolic diseases from an early age due to the ac-
cumulation of excess adipose tissue, particularly in the 
visceral area. This problem was noted by the World Health 
Organization [26], which issued recommendations on the 
recommended amount of physical activity for people of all 
ages. Adults aged 18-64 should do at least 150 minutes of 
moderate-intensity aerobic physical activity throughout the 
week or at least 75 minutes of vigorous-intensity aerobic 
physical activity throughout the week or an equivalent com-
bination of moderate- and vigorous-intensity activity [26].

Such an amount of physical activity ensures good 
physical fitness and prevents excessive body weight and 
reduces the chance of fat accumulation over the years.

Physical activity is defined as any bodily movement 
produced by skeletal muscles that requires energy expend-
iture. Physical inactivity (lack of physical activity) has 
been identified as the leading risk factor for global mortal-
ity (6% of deaths globally). Moreover, physical inactivity 
is estimated to be the main cause of approximately 21-
25% of breast and colon cancers, 27% of cases of diabe-
tes and approximately 30% of the ischemic heart disease 
burden [26].

We are currently observing an increasing number of 
people with overweight and abdominal obesity. Physical 
activity is still too low. These unfavorable factors are de-
pendent on each other.

The aim of the study was to evaluate the total fat and 
fat distribution in young, active and physically inactive 
women.

Material and methods 

The study group consisted of a  total of 300 women 
aged 20 to 25 (21.6 ± 1.4 years), female students from 
Warsaw. The subjects were divided into two groups de-
pending on the physical activity they undertook. The first 
group consisted of 120 students with sufficient physical 
activity (mainly Physical Education students of the Physi-
cal Education Academy in Warsaw), whilst the other group 

consisted of 180 students (mainly Dietetics and Physi-
otherapy) with insufficient physical activity.

The division into two groups with differentiated phys-
ical activity was based on the classification proposed by 
Biernat et al. [2] taking into account the weekly physical 
activity. The evaluation of the weekly physical activity 
was carried out using the direct interview method. The 
interview was conducted by a  trained interviewer with 
each examined woman. The MET (metabolic equivalent 
task) values ​​obtained during intense, moderate and walk-
ing activities were summarized. Activities undertaken 
during the whole week were considered. Classification of 
physical activity was done according to the criteria: in-
sufficient – when total energy expenditure did not reach 
600 MET min/week; enough – when total energy ex-
penditure is between 600 and 1500 MET/week, assum-
ing that expenditure is the result of 3 or more days of 
intensive physical activity for a minimum of 20 minutes 
per day, 5 or more days of moderate physical activity or 
walking – for at least 30 minutes, a combination of in-
tense or moderate physical activity giving more than 600 
MET min/week [2].

The study was conducted from September 2016 to 
February 2017. A  random sample was selected from the 
student record list. The criterion for inclusion in the study 
was the written consent of the students to participate in the 
study and to carry out somatic measurements.

The primary method of the study was somatometry. 
Basic anthropometric measurements were made accord-
ing to the methodology of biological studies: height and 
weight, waist measurement and hips. The height of the 
body was measured with an anthropometer with an accu-
racy of 1 mm. Body weight was measured using medi-
cal scales, in the morning on an empty stomach, without 
clothing. The result was read with an accuracy of 0.1 kg. 
Waist and hip measurements were made with a metric tape 
accurate to 0.5 cm.

The body mass index (BMI) for adults with the WHO 
classification [28] was used to assess relative body 
weights. Based on anthropometric measurements, waist 
and hip measurements, the WHR (waist to hip ratio) fat 
distribution index was calculated using the WHO (30) 
criterion for women where the android (central fat distri-
bution or apple shape) type of fat was adopted for ≥ 0.8, 
and gynoid (buttock) for <0.8 (17). The overall body fat 
content was assessed by bioelectric impedance (BIA) us-
ing a Jawon x-scan analyzer. The classification of general 
fatty tissue was made according to Gallagher et al. [10] 
for women aged 20–39, with low content of fat <21.0%, 
standard from 21.0 to 32.9%, high from 33.0 to 38.9%, 
and very high above 39%.

The data analysis was performed using selected statis-
tical methods in STATISTICA software (v. 12, Stat. Soft. 
USA). Statistically significant differences in pairs between 
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two groups were assessed by t-test for independent groups 
(level of significance p < 0.001). Statistically significant 
differences in pairs between two groups, the percentage 
of the sample or sub-sample were assessed by the χ2 test 
(level of significance p < 0.001).

Results 

The results show that physically active students have 
significantly lower body weight, waist and hip size, lower 
body fat content and lower BMI and WHR values ​​com-
pared with their physically inactive peers (p < 0.001). The 
intensity of activity determined by the metabolic equivalent 

(MET) effort was significantly different between the two 
groups of women. Underweight was more frequent among 
physically active subjects compared to inactive students, 
whilst excessive body weight was predominantly in in-
active students. Evaluation of adipose tissue distribution 
showed that physically active women were significantly 
more frequently (p < 0.001) characterized by a gynoidal 
type of adipose tissue compared to physically inactive, 
predominantly android-abdominal adipose tissue distribu-
tion. More than half of all respondents reported low body 
fat. It was also found that the category of low adipose tis-
sue content in the body was significantly more frequent 
among physically active subjects compared with non-ac-
tive subjects (p < 0.001) (Table 1). 

Category Total
Group

p
Active Inactive

Number of subject 300 120 180
Percentage of total sample 100 40 60

Body weight [kg]* 60.3 ± 8.5
(43.8–81.2)

54.3 ± 5.5
(43.8–70.2)

64.3 ± 7.75
(45.8–81.2) p < 0.001

Body height [cm] 166.9 ± 4.8
(155–182)

167.1 ± 5.1
(156–181)

166.9 ± 4.75
(155–182) ns

BMI [kg/m2]* 21.6 ± 3.1
(16.7–29.8)

19.4 ± 1.7
(16.7–24.5)

23.1 ± 2.9
(16.8–29.8) p < 0.001

Underweight [%]#

Normal weight [%]
Overweight [%]
Obesity [%]

15.7
69.0
15.3

0

30.8 
69.2

0
0

5.6
68.8
25.6

0

p < 0.001

Percentage of fat* 20.9 ± 4.0
(11.3–35.3)

18.7 ± 1.9
(16.7–24.5)

22.3 ± 4.4
(11.3–35.3) p < 0.001

Category of fat
Low [%]#

Norm [%]#

High fat content [%]

60
39
1

86.7
13.3

0

42.2
56.1
1.7

p < 0.001

Waistcircumference [cm]* 73.5 ± 7.0
(59–102)

69.55 ± 6.4
(59–91)

76.2 ± 6.1
(60–102) p < 0.001

Hip circumference [cm]* 89.0 ± 5.3
(70–102)

87.6 ± 5.6
(70–97)

89.9 ± 4.95
(79–102) p < 0.001

WHR [cm/cm]* 0.83 ± 0.07
(0.64–1.07)

0.79 ± 0,06
(0.64–0.95)

0.85 ± 0.06
(0.68–1.07) p < 0.001

Type of fat distribution 
Androidal [%]#

Gynoidal [%]#
65.3
34.7

46.7
53.3

77.8
22.2

p < 0.001

MET* 941.5 ± 932.1
(76–3705)

1852.0 ± 862.8
(756–3705)

334.6 ± 173.4
(76–600) p < 0.001

Table 1.  Sample characteristics by active and inactive of female students

* – expressed as mean and standard deviation (min-max), statistically significant differences in pairs between two groups (levels of significance 
were assessed by T test), p < 0.001; # – statistically significant differences in pairs between two groups, percentage of the sample or sub-sample 
(levels of significance were assessed by χ2 test), p < 0.001.
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Among physically inactive students with excessive 
body weight (overweight), average overall adiposity ex-
ceeded 25%. Among women with normal BMI, body fat 
content was reduced by 2% in physically active versus in-
active subjects. The lowest overall fat level was reported 
in underweight physically inactive women (below 14% 
fat) (Fig. 1). 

Evaluation of WHR and BMI showed that physically 
inactive students were characterized by the unhealthy 
type of adipose tissue distribution. Among women with 
normal BMI, android type was present significantly more 
frequently (p < 0.001) in physically inactive ones. Under-
weight was predominant among active students, with both 
the android type and the gynoidal type (Fig. 2).

On the basis of the research results, somatic profiles 
were created: health-promoting and two anti-health ones. 
It was found that the health-promoting profile character-
ized by normal BMI, gynoidal type distribution of adi-
pose tissue and normal or slightly lower body fat was 

significantly more common in physically active versus 
inactive subjects. The first anti-health profile was reported 
in 13% of all students, especially among active women. In 
contrast, the second anti-health profile was reported only 
in physically inactive women (Fig. 3).

Discussion 

Lifestyle is considered to be an integral part of the 
socio-cultural sphere, which significantly affects an indi-
vidual’s health. Researchers believe that lifestyle is a de-
terminant responsible for the widespread epidemic of over-
weight and health problems proceeding from it [12, 17]. 

The POL HEALTH National Program for the Preven-
tion of Illness and Diseases shows significant differences 
in the health of society, depending on the degree of body 
fat in relation to the lifestyle adopted by the individu-
al. In reports devoted to lifestyle in the context of their 
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Fig. 1.  Analysis of total body fat in relation to BMI and level of physical activity

Fig. 2.  Analysis of fat type distribution in relation to BMI and level of physical activity (* – p < 0.001)
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association with individual health, great attention is devot-
ed to a number of abnormalities such as eating disorders 
or low levels of physical activity [21, 23]. 

In common medical practice, body mass index (BMI) 
is used to determine the nutritional status of adults. It is 
considered one of the strongest predictors of a  cardi-
ac event. It has been shown that an increase in BMI of  
1 kg/m2 is associated with a 4% increase in the incidence 
of coronary artery disease [5]. 

The results of the present research revealed that among 
the surveyed students in Warsaw the majority (about 70%) 
had a  normal body mass. There was also underweight 
(about 15%) and the same percentage with overweight. 
Physical activity is a factor determining the occurrence of 
certain extreme types of BMI. Active students were sig-
nificantly more likely to have short-term weight gain, and 
overweight was reported only in inactive women.

Kromhout et al. [15] demonstrated that physical ac-
tivity affects the BMI. The lower the motor activity, the 
higher the BMI. 

The same conclusion was drawn by Jebb et al. [13], 
who found that low levels of physical activity correlated 
significantly with higher BMI values ​​and led to faster ac-
cumulation of excess body mass and fat gain in a popula-
tion of different age and sex.

Ross et al. [20] demonstrated that increased physical 
activity affects weight loss and reduction of both body fat, 
both as a whole and subcutaneous. 

Other positions on this issue were presented by Stachon 
et al. [22]. The results of their research show that Physical 
Education students (physically active) did not significantly 
differ in their BMI values ​​from their Physiotherapy peers. 
However, it is worth emphasizing that, in comparison to 
students from other degree courses and other universities, 

both Physical Education and Physiotherapy in the study 
program have practical hands-on activities related to vari-
ous forms of physical activity. 

The results of our own research show that the level of 
physical activity of young women significantly affects the 
amount of body fat and the distribution of this tissue. Physi-
cally active students were characterized by a lower level of 
fat amount assessed by means of biochemical impedance 
(BIA) (p < 0.001) and a gynoidal type of adipose tissue dis-
tribution considered healthier than an android type.

The results are confirmed by Stachoń et al. [22], who 
found that total body fat in young physically active wom-
en was over 2% lower than those with low motor activity. 
These were statistically significant differences. In these 
studies, it was also found that physically active women 
had lower values of all skin-fat folds examined. The dif-
ference in thickness of skin-fat folds between the least and 
the most physically active was 1–2 cm.

Research by other authors [11, 18] shows a strong de-
pendence of the increase in fatness along with a decrease in 
the level of physical activity. The present studies showed 
that androidal type of fat distribution was much more 
common in physically inactive subjects. The type of adi-
pose tissue distribution analyzed with the nutritional status 
of the subjects studied and their level of physical activity 
showed that physically active students significantly more 
frequently had BMI in the normal range and gynoidal type 
of adipose tissue distribution, and inactive students more 
frequently had normal BMI values and android type fat 
distribution. Lack of physical activity and the associated 
excess fatness results from a positive energy balance. Ex-
cessive fatty tissue, especially visceral, causes damage of 
internal organs. This condition can significantly aggravate 
the increased risk of diseases associated with improper fat 
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accumulation, especially cardiovascular diseases, athero-
sclerosis, cerebral stroke [21, 23].

Slightly different conclusions have been drawn from 
the studies of Stachoń et al. [22] Among women who are 
physically active, there is a tendency for aneroid obesity 
and much less accumulation of fat on the hips and thighs 
compared with their less physically active peers. In the 
studies of active female underweight students, there was 
found android adipose tissue distribution, yet the overall 
content of the body fat was low.

Zuzda et al. [30] pointed that among the examined 
students in Bialystok the average value of the WHR was 
0.86. In our own study, compared with the study of the 
students from Bialystok, the WHR was lower in all the 
examined women (0.83). Taking into account the physical 
activity of the subjects, it was found that the average value 
of WHR in physically active females was lower in com-
parison to the physically inactive students (0.79 vs. 0.86). 
These were statistically significant differences. 

From our own research and review of available litera-
ture, it might be concluded that the assessment of relative 
BMI in relation to general fat and fatty tissue distribution 
should be an important diagnostic element and early pre-
dictor of many diseases in women. 

Study limitation. The authors of the paper are aware of 
some limitations of the study and the need to continue and 
expand their research. A great complement to the present 
results would be to make measurements among a  larger 
population of young women from different backgrounds, 
and to include nutritional analysis, in particular the quan-
tity and quality of fat consumed.

Conclusions

1.	 Physical inactivity was associated with larger waist 
and hip circumference, greater BMI and unfavorable 
adipose tissue distribution. Lack of physical activity 
increases the risk of metabolic diseases in women.

2.	 The unfavorable somatic profile occurred only among 
inactive students.

3.	 The research indicates the need for education and im-
plementation of disease prevention programs related 
to abdominal fat distribution and overweight among 
young women, especially in non-physical education.
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