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INTRODUCTION

Sedentary lifestyle and physical inactivity are one of 
the leading risk factors for cardiovascular diseases and 
total mortality [1]. On the other hand, physical activ-
ity and exercise are associated with a reduced risk of 
cardiovascular disease and an improvement in the car-
diometabolic risk factor and weight loss through the 
creation of a negative energy relationship [2]. Regular 
exercise has a beneficial effect on body composition, 
cardiorespiratory integrity, insulin sensitivity and qual-
ity of life [3]. Physical activity, by definition, is any body 
movement created by the activity of the skeletal mus-
cles, which also results in energy consumption [4].

The minimum dose with proven effects in the pre-
vention of chronic non-communicable diseases is 150 
minutes of moderate physical activity or 75 minutes of 
high-intensity exercise or a combination of both [5]. 
For additional health benefits, adults should increase 
moderate-intensity aerobic physical activity to 300 
minutes per week or 150 minutes of vigorous-intensity 
physical activity per week or a combination of moder-
ate and vigorous intensity [6]. According to the data 
of the national survey in Serbia, 43.6% of the popula-
tion in Serbia sat or stood during their work, and this 
is significantly more in Belgrade (61.2%) compared to 
Sumadija and Western Serbia (36.4%), i.e. South and 
Eastern Serbia (37.2), where women significantly more 
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often than men spent time sitting or standing during 
work (48.3% vs 38.7%) [7]. Total of 8.8% of Serbian resi-
dents engaged in fitness, sports or recreation at least 
3 times a week, while every ninth resident of Serbia 
(11.3%) spent at least 90 minutes in such activities 
during their free time per week. In 2013, 4.8% of Ser-
bian residents engaged in intensive physical activities 
aimed at strengthening muscles at least three times a 
week [7]. 

Physical inactivity is associated with an increased 
risk of developing chronic non-communicable dis-
eases. obesity, malignant diseases, cardiovascular dis-
eases, diabetes, stroke, etc. [8]. In a study conducted 
in Japan on obese people with risk factors for cardio-
vascular disease who exercised 2 to 4 times a week for 
6 months, there was a significant loss of body weight, 
waist circumference, but a decrease in serum lipids [9]. 
A sedentary lifestyle is increasingly associated with the 
occurrence and mortality of colon cancer [10]. Fletcher 
indicates that the most active people have approxi-
mately a 40% lower risk of developing heart disease, 
compared to those who do not exercise at all [11]. 
Studies that assessed physical activity using question-
naires showed that higher levels of physical activity are 
associated with a reduced risk of type 2 diabetes, while 
greater amounts of physical activity can contribute to 
the prevention of the disease [12]. Considerable evi-
dence suggests that people should engage in physical 
activity and exercise to mitigate the negative impact of 
aging on their cognitive functions [13]. 

The aim of this study was to examine the effects of 
dosed physical exercise on the nutritional status of rec-
reational athletes.

METHODS

The study included 50 respondents of both sexes, aged 
between 18 and 55 years, average age of 33.8 years, 
who engage in recreational physical exercise under 
the supervision of a qualified sports coach.

All subjects had their body mass and height meas-
ured before starting exercise and after three months, 
on the basis of which BMI (Body Mass Index) and waist 
circumference were determined. Body weight (BW) 

and body height (BH) were measured in the morning 
using a calibrated anthropometer. The patients were 
stripped down to their underwear. BMI was deter-
mined based on these two values using the formula 
BMI = BW/(BH)² (kg/m²). The recommendation of the 
World Health Organization (WHO) was used to assess 
nutritional status [14]. Waist circumference was meas-
ured at the middle of the distance between the lowest 
point of the rib arch (arcus costalis) and the front up-
per femoral spine of the pelvic bone (spina iliaca an-
terior superior), while the patients were in a standing 
position. Abdominal obesity was determined based 
on waist circumference values, also according to WHO 
recommendations [14]. Percentage of body fat was de-
termined on the bioimpedance and the classification 
was made according to Bray [15]. 

The exercise was carried out according to the plan 
3 times a week for 75 minutes and it was a combined 
anaerobic (45 min)-aerobic training (30 min). Diet is 
not included in the exercise.

Statistical analysis

In this study, we used descriptive and analytical sta-
tistical methods. The normality of the distribution was 
examined based on descriptive parameters, normal-
ity tests (Kolmogorov-Smirnov and Shapiro-Wilks test) 
and graphic methods. All data were processed in SPSS 
20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for 
Windows, Version 20.0. Armonk, NY: IBM Corp).

RESULTS

A total of 50 subjects with an average age of 33.8 years 
were included in the research, of which there were 35 
male subjects with an average age of 33.6 years and 
15 female subjects with an average age of 34.3 years 
(Table 1).

Table 2 shows the results of body weight and 
height measurements at the beginning and end of 
the study. The average body weight of all subjects at 
the beginning of the study was 81.74 kg, while at the 
end of the study it was 80.16 kg. The average body 

Table 1. Demographic characteristics of participants.

Gender                        Age

N % AS SD Median Minimum Maximum

Male 35 70% 33.6 8.8 32.0 18 55

Female 15 30% 34.3 5.0 34.0 28 45

Total 50 100% 33.8 7.8 32.5 18 55
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weight at the end of the study was 1.95 kg less than 
the initial value, while in women it was 0.71 kg less. 
When we compare the values of body weight in re-
lation to gender, we found statistically significant dif-
ference in men (p < 0.001), however, this difference 
when it comes to women is not statistically significant 
(p = 0.224) (Table 2).

The results of measuring the body mass index at 
the beginning and at the end of the study show that 
there is a statistically significant difference between 
those values (p < 0.001) when we talk about the total 
number of subjects (Figure 1).

Distribution by gender of waist circumference val-
ues shows statistical significance in both men (p < 
0.001) and women (p < 0.001) (Figure 2).

In relation to the percentage of body fat by gender, 
there is a statistically significant difference between 
these two measurements in men (t = 6.274; p < 0.001) 
and in women (t = 4.497; p < 0.001) (Figure 3).

Table 2. Results of measuring body weight and body height at the beginning and at the end of the study.

Gender N AS SD Median Minimum   Maximum P

Male BH (cm) 35 1851.1 6.57 185.00 174.00 198.00

0.001
BW (kg) 1 35 89.62 14.10 86.80 63.90 130.20
BW (kg) 2 35 87.67 14.36 83.80 62.30 127.90

Female
BH (cm) 15 168.20 4.71 169.00 160.00 175.00

0.224
BW (kg) 1 15 63.35 9.68 62.60 52.10 89.10
BW (kg) 2 15 62.64 9.05 61.20 52.60 87.00

Total
BH (cm) 50 180.04 9.88 181,50 160.00 198.00

0,001
BW (kg) 1 50 81.74 17.68 82.35 52.10 130.20
BW (kg) 2 50 80.16 17.34 81,25 52,60 127.90

BH (cm) – Body height 
BW (kg) 1 – Body weight at the beginning of the study 
BW (kg) 2 – Body weight at the end of the study

BMI – Body Mass Index

Figure 1. Comparison of Body Mass Index values at the beginning and at the end of the study in the total number of 
participants.
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WC – Waist cirmumference

Figure 2. Comparison of waist circumference values at the beginning and at the end of the research by gender.

%BF - Percent of body fat

Figure 3. Comparison of fat percentage at the beginning and at the end of the study according to the gender.



HRANA I ISHRANA (BEOGRAD), VOL. 63, №. 2/ 2022.
Hodzic et al.: Relationship between physical exercise and nutritional status

38

DISCUSSION

The obtained results in our study show that there was 
a significant correction of all examined parameters of 
the state of nutrition after exercise. The results are in 
agreement with the results of Sanalai et al. who as-
sessed the nutritional status of 92 subjects of both 
sexes who did combined types of exercises [16].

In a study at Duke University in North Carolina 
(USA), Willis et al. included 119 subjects who did aero-
bic and weight training (anaerobic) and showed that 
the subjects lost an average of 1.63 kg in body weight, 
2.04% fat percentage, in waist circumference 1.66 cm 
which led to a significant difference in all of the men-
tioned parameters [17]. In our research, we came to 
similar results compared to the mentioned study, that 
is, we also got statistically significant differences in 
all of the mentioned parameters. Also, the exercisers 
managed to reduce their BMI by 0.44 overall, which 
has similar results to the study conducted by Hellenius 
et al. on 157 healthy men with mild to moderate risk of 
cardiovascular disease who reduced their BMI by 0.30 
[18]. 

In a study by Tan et al. on 30 patients with type 2 
diabetes who exercised for 6 months, no significant 
difference was found in body weight and BMI, while 
there was a statistically significant difference in fat 
percentage [19]. In a study of 60 pre-obese and obese 
women with metabolic syndrome, Dianatinasab et al. 
showed that body weight decreased by 2.81 kg, body 
mass index also decreased by 1.15 kg/m2, fat percent-
age decreased by 2.34% [20]. 

In a study in Turkey conducted by Ucan, 37 subjects 
were divided into three groups: one that did aerobic 
exercises, one that did weight-bearing exercises, and 
a group that did a combined type of exercises (aerobic 
and weight-bearing) 3 days a week during the exam-
ined 10 weeks, and there was a significant difference in 
all parameters of the state of nutrition [21]. 

Evaluating waist circumference as an indicator 
of abdominal obesity, Mc Tiernan et al. showed on 
202 sedentary subjects, of which 102 males and 100 
females aged between 40 and 75, who engaged in 
physical exercise for 12 months, showed that waist cir-
cumference was significantly lower in both sexes at the 
control measurement [22].

Analyzing the percentage of body fat, Jin et al. ob-
served a significant difference between two control 
measurements in a study of 20 subjects [23], which 
coincides with our study, while the study by Park et al, 
which was conducted in Japan, included 30 women 
who exercised for 24 weeks leading to a loss of 10.3% 
body fat [24]. 

In the study conducted by Topsakal et al. in 2018 
at the Faculty of Sports Sciences “Cerrahpasa”, Istan-
bul University in Turkey, 32 male subjects participated, 
randomly selected among members of a fitness club, 

divided into 2 groups of 16 subjects each - one group 
conducted an aerobic type of training, while the sec-
ond group conducted a combined type of training 
(aerobic and with load) [25]. The duration of the train-
ing was 8 weeks, while the subjects exercised 3 days 
a week for an hour. In this research, the change in the 
body composition of the subjects was monitored, that 
is, similar parameters were monitored that we also 
used during the conduct of our research. For all three 
examined parameters of the state of nutrition, the re-
sults of the study between the two control measure-
ments were that body weight decreased by 2 kg, body 
mass index by 0.61 kg/m2, and body fat percentage 
by 1.4%, showing a statistically significant difference, 
which correlates with the data obtained in our study.

In a study that examined the effect of endurance 
exercises and combined endurance and strength ex-
ercises on body composition and physical capacity in 
women with abdominal obesity [26]. The subjects were 
from the Department of Internal Medicine of the Uni-
versity of Medical Sciences in Poznań, Poland. The crite-
ria for inclusion in the study were: age between 18 and 
65 years, obesity (BMI ≥ 30 kg/m2), waist circumference 
(> 80 cm), percentage of body fat (≥ 33%). After the 
examination, 44 of them were selected for the study 
and divided into group A (exercises for endurance) and 
group B (exercises for endurance and strength). After 
the withdrawal of one respondent from group A and 
5 from group B, the survey was completed by 21 re-
spondents in group A and 17 respondents in group B. 
We specifically examined the exercisers from group B, 
since they did the same type of training as in our study. 
The obtained results were that: body mass index de-
creased by 1.0 kg/m2, waist circumference by 7.7 cm, 
body fat percentage by 2.0%.

In a 2019 study by Can and associates, which ex-
amined the effect of exercise on body fat percentage 
and body mass index, 442 volunteers participated, of 
which 180 were women and 262 were men, who were 
divided into three groups, the first group doing aero-
bic exercises, other exercises with load, and the third 
did aerobic and exercises with load [27]. Each of the 
mentioned groups was measured before the start of 
the study and then the final measurement. We were 
interested in the group that performed the combined 
type of exercises, as in our study. The results of the ex-
amination of the body mass index, body weight and 
body fat percentage show that in each of the men-
tioned parameters, there was a statistically significant 
difference between the two control measurements 
when it comes to female and male persons.

According to the US physical activity guidelines, 
adults should get 150 minutes to 300 minutes of mod-
erate-intensity activity per week, or 75 minutes to 150 
minutes of vigorous-intensity aerobic physical activity 
per week, or a combination of moderate- and vigor-
ous-intensity aerobic activity, and should also work 
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muscle-strengthening activities, two or more days a 
week [28]. 

The recommendations of the World Health Organi-
zation for adults are to spend at least 150 minutes of 
moderate to vigorous intensity aerobic physical activ-
ity per week, in a series of 10 minutes or more [6]. The 
Department of Health, Social Services and Public Safe-
ty of the United Kingdom has given recommendations 
for physical activity which on a weekly basis is 150 
minutes of moderate intensity in series of 10 minutes 
or more [29].  One way to approach this is to exercise 
for 30 minutes, five times a week. An alternative to that 
is 75 minutes of intense physical activity that can be 
divided on a weekly basis or a combination of moder-
ate and vigorous intensity activities. In addition, physi-
cal activity to improve muscle strength must be carried 
out at least two days a week.

Assessing the level of physical activity on an indi-
vidual level, as well as on the level of the entire popu-
lation, can be difficult mainly due to the multidimen-
sional nature of physical activity itself. It is clear that 
there are various dimensions to physical activity with 
independent health benefits. With the advancement 
of technology, it is possible to generate multidimen-
sional “profiles” of physical activity that provide a more 
complete representation of physical activity and offer 
different options that can be tailored to the individual 
[30]. 

STUDY LIMITATIONS

The study had certain limitations, primarily related to 
the type of study, as well as the fact that the number of 
participants cannot be considered representative.

CONCLUSION

Regular physical activity and exercise have a favorable 
effect on nutritional status parameters such as BMI, 
waist circumference, percent of body fat, and conse-
quently lead to a reduction of risk factors for cardio-
vascular diseases and prevention of chronic non-com-
municable diseases.

REFERENCES

1.	 Lavie CJ, Ozemek C, Carbone S, Katzmarzyk P, Blair 
SN. Sedentary Behavior, Exercise, and Cardiovascular 
Health. Circ Res 2019;124(5):799-815.

2.	 Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M, Jo-
hannsen NM. The Effects of Exercise and Physical Activ-
ity on Weight Loss and Maintenance. Prog Cardiovasc 
Dis 2018;61(2):206-13. 

3.	 Melmer A, Kempf P, Laimer M. The Role of Physical 
Exercise in Obesity and Diabetes. Praxis (Bern 1994) 
2018;107(17-18):971-6. 

4.	 Sharif K, Watad A, Bragazzi NL, Lichtbroun M, Amital H, 
Shoenfeld Y. Physical activity and autoimmune diseas-
es: Get moving and manage the disease. Autoimmun 
Rev 2018;17(1):53-72.

5.	 Tuka V, Daňková M, Riegel K, Matoulek M. Physical Ac-
tivity - The Holy Grail of Modern Medicine? Vnitr Lek 
2017;63(10):729-36. 

6.	 World Health Organization. Physical activity (2022). Av-
alailable from: https://www.who.int/news-room/fact-
sheets/detail/physical-activity.

7.	 Institute of Public Health of Serbia ,,Dr Milan Jovanović 
Batut“, Rezultati istraživanja zdravlja stanovništva Srbi-
je: 2013. godina – Beograd : Institut za javno zdravlje Sr-
bije ,,Dr Milan Jovanović Batut“ (2014). Available from: 
https://batut.org.rs/download/publikacije/Istrazivan-
jeZdravljaStanovnistvaRS2013.pdf

8.	 Anderson E, Durstine JL. Physical activity, exercise, and 
chronic diseases: A brief review. Sports Med Health Sci 
2019; 1(1):3-10.

9.	 Kim BY, Choi DH, Jung CH, Kang SK, Mok JO, Kim CH. 
Obesity and Physical Activity. J Obes Metab Syndr 
2017;26(1):15–22.  

10.	 Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SP, 
Deo R et al. Heart Disease and Stroke Statistics—2017 
Update: A Report From the American Heart Association. 
Circulation 2017;135(10):e146–e603. 

11.	 Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, 
Lavie CJ. Promoting Physical Activity and Exercise: JACC 
Health Promotion Series. J Am Coll Cardiol 72(14):1622-
39. 

12.	 Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Bliss-
mer BJ, Rubin RR et al. Exercise and type 2 diabetes: the 
American College of Sports Medicine and the American 
Diabetes Association: joint position statement execu-
tive summary. Diabetes Care 2010;33(12):2692-6.

13.	 Jia RX, Liang JH, Xu Y, Wang YQ. Effects of physical ac-
tivity and exercise on the cognitive function of patients 
with Alzheimer disease: a meta-analysis. BMC Geriatr 
2019;19(1):181.

14.	 World Health Organization. Global Strategy on Diet, 
Physical Activity and Health (2004). Available from: 
https://www.who.int/publications/i/item/9241592222 

15.	 Bray, G,  Bouchard C, James  W. Definitions and pro-
posed current classifications of obesity. In: Handbook 
of Obesity, New York Marcel Dekker 1998:31–40.

16.	 Sanal E, Ardic F, Kirac S. Effects of aerobic or combined 
aerobic resistance exercise on body composition in 
overweight and obese adults: gender differences. A 
randomized intervention study. Eur J Phys Rehabil Med 
2013;49(1):1-11.

17.	 Willis LH, Slentz CA, Bateman LA, Shields T, Piner LW, 
Bales CW, et al. Effects of aerobic and/or resistance 
training on body mass and fat mass in overweight or 
obese adults. J Appl Physiol 2012;113(12):1831-7.

18.	 Hellénius ML, de Faire U, Berglund B, Hamsten A, Krakau 
I. Diet and exercise are equally effective in reducing 
risk for cardiovascular disease. Results of a random-
ized controlled study in men with slightly to moder-
ately raised cardiovascular risk factors. Atherosclerosis 
1993;103(1):81-91.

19.	 Tan S, Li W, Wang J. Effects of Six Months of Combined 
Aerobic and Resistance Training for Elderly Patients 
with a Long History of Type 2 Diabetes. J Sports Sci Med 
2012;11(3):495-501. 



HRANA I ISHRANA (BEOGRAD), VOL. 63, №. 2/ 2022.
Hodzic et al.: Relationship between physical exercise and nutritional status

40

20.	 Dianatinasab A, Koroni R, Bahramian M, Bagheri-Hosse-
inabadi Z, Vaismoradi M, Fararouei M, Amanat S. The ef-
fects of aerobic, resistance, and combined exercises on 
the plasma irisin levels, HOMA-IR, and lipid profiles in 
women with metabolic syndrome: A randomized con-
trolled trial. J Exerc Sci Fit 2020;18(3):168-76.

21.	 Uçan Y. Effects of Different Types of Exercises on Body 
Composition in Young Men and Women. Life Sci J 
2013;10(3):1799-806. 

22.	 McTiernan A,  Sorensen B,  Irwin ML, Morgan A, Ya-
sui Y, Rudolph RE, et al. Exercise Effect on Weight and 
Body Fat in Men and Women. Obesity (Silver Spring) 
2007;15(6):1496–512.

23.	 Jin CH, Rhyu HS, Kim JY. The effects of combined aero-
bic and resistance training on inflammatory markers in 
obese men. J Exerc Rehabil 2018;14(4):660–5. 

24.	 Park SK, Park JH, Kwon YC, Kim HS, Yoon MS, Park HT. 
The Effect of Combined Aerobic and Resistance Ex-
ercise Training on Abdominal Fat in Obese Middle-
aged Women. J Physiol Anthropol Appl Human Sci 
2003;22(3):129-35.

25.	 Topsakal M, Ates O, Keskin B, Armutcu O. Effects of Com-
bined Aerobic and Strength Training on Aerobic Capac-
ity and Body Composition. Journal of Education and 
Training Studies 2019;7(4):14.

26.	 Skrypnik D, Bogdański P, Mądry E, Karolkiewicz J, Rata-
jczak M, Kryściak J, et al. Effects of Endurance and En-
durance Strength Training on Body Composition and 
Physical Capacity in Women with Abdominal Obesity. 
Obes Facts 2015;8(3):175-87.

27.	 Can S, Demirkan E, Ercan S. The Effects of Exercise 
Preferences on Body Fat and Body Mass Index by 
Self-report. Universal Journal of Educational Research 
2019;7(1):293-7.

28.	 Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, 
Galuska DA, et al. The Physical Activity Guidelines for 
Americans. JAMA 2018;320(19):2020-8.

29.	 Peacock OJ, Western MJ, Batterham AM, Stathi A, 
Standage M, Tapp  A. et al. Multidimensional Individual-
ised Physical ACTivity (Mi-PACT)-a Technology-Enabled 
Intervention to Promote Physical Activity in Primary 
Care: Study Protocol for a Randomised Controlled Trial. 
Trails 2015;16:381. 

30.	 Ainsworth B, Cahalin L, Buman M, Ross R. The Current 
State of Physical Activity Assessment Tools. Prog Cardio-
vasc Dis 2015; 57(4):387-95.

Veza između fizičkog vežbanja i stanja uhranjenosti

Kratak sadržaj
Sedentarni način života i fizička neaktivnost su jedan od 
vodećih faktora rizika za kardiovaskularne bolesti i ukupan 
mortalitet. Cilj rada je ispitivanje efekata doziranog fizičkog 
vežbanja na stanje uhranjenosti rekreativaca. U ispitivanje 
je uključeno 50 ispitanika oba pola starosti između 18 i 55 
godina, koji se rekreativno bave fizičkim vežbanjem. Svim 
ispitanicima je pre početka vežbanja i nakon tri meseca me-
rena telesna masa i telesna visina na osnovu koje je odre-
đen indeks telesne mase (ITM), obim struka, i određivan je 
procentat telesne masti. Vežbanje je sprovedeno po planu 
3 puta nedeljno po 75 minuta i to kombinovano anaerobni 
(45 min) i aerobni trening (30 min). Prosečna vrednost te-
lesne težine svih ispitanika na početku istraživanja bila je 
81.74 kg, dok je na završetku bila 80.16 kg. Prosečna vred-
nost telesne težine muškaraca je na završetku istraživanja 
bila manja od početne vrednosti za 1.95 kg, dok je kod žena 

bila manja za 0.71 kg. Postoji statistički značajna razlika u ITM, obimu stuka i procentu masti kod ukupnog broja ispitanika 
na početku i na kraju istraživanja. Redovna fizička aktivnost i vežbanje povoljno deluju na vrednosti ITM, obima struka i 
procenta telesne masti pokazujući značaj vežbanja u prevenciji gojaznosti i hroničnih nezaraznih bolesti. 
Ključne reči: fizička aktivnost; vežbanje; stanje uhranjenosti.
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