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The impact of body weight on aerobic capacity
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ABSTRACT 

Aim To determine the relationship between body mass index 
(BMI) and predicted values of VO2max estimated by UKK test for 
the first degree of obesity.

Methods The participants were included in three groups of ten 
male subjects each, of different ages and different physical condi-
tion, randomly selected from the general population of the city of 
Kragujevac.  BMI was determined first, and then the Urho Kaleva 
Kekonen (UKK) test on treadmill was performed in order to get 
a predicted value of cardiovascular capacity (VO2max) of respon-
dents. For continuous variables collected, the mean values and 
standard deviation were determined, and the correlation coeffici-
ent was calculated using the Student test.

Results After a correlation analysis value obtained by UKK VO-
2max test and BMI the negative correlation coefficient (r = - 0.904; 
p <0.001) for the third group (ten males aged 35-40 years with 
mean BMI of 32.2 ± 1.31) was found, which also found an inverse 
dependence of these two values (with an increase of BMI values,  
the values   of VO2max decreased). In the third group, the first fitne-
ss category dominated (Fitness index  <70, which is significantly 
below the average value). The aim is to improve VO2max values, 
so the Fitness index value   belonging to the Fitness category III 
dominated meaning that the Fitness index values were   in the range 
90-100 (mean). 

Conclusion A significant negative correlation between BMI and 
VO2max (ml/kg/min) suggesting the possibility of effect or body 
fat on cardiorespiratory function.
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INTRODuCTION

Overweight and obesity are defined as increased 
or excessive accumulation of fat tissue which re-
presents a health risk (1). Obesity is the one of the 
biggest problems in developed world (2). In 2005, 
the World Health Organization (WHO) announced 
that approximately 1.6 billion adults were overwe-
ight by the age of fifteen, and of this population, at 
least 400 million adults were obese. WHO predic-
ted that the number of overweight adults and obe-
se adults would be approximately 2.3 billion and 
700 million, respectively, by the end of 2015 (3).
In a few of these cases, the cause of obesity is 
metabolic disorder, but in most cases the main 
problem is in energy disbalance, e.g. energy con-
sumption is smaller than the energy input (4). 
Medical history in obese persons should cover all 
data related to obesity itself in relation to the pre-
sent comorbidity, diet and physical activities (5).
Generally, in obese persons, it is necessary to 
determine a degree of nutritional status or body 
mass index (BMI) or body weight index (BWI), 
which is expressed as a ratio of weight and hei-
ght: BMI = BW / BH ² (kg/m²) (6). 
Upon the recommendations of the World Heal-
th Organization (7,8), BMI is used for the cla-
ssification of nutritional state by the following 
criteria: BMI <18.5 –underweight person, BMI  
18.5– 24.9 - normally nourished person, BMI  
25–29.9–overweight, BMI >30 –obesity, BMI  
30–34.9 - I  degree (moderate) obesity, BMI  35-
39.9- II  degree (extreme, severe) obesity, BMI 
>40- III degree (extreme, morbid) obesity. 
An important step in the reduction of body mass is 
the exercise therapy. Walking is a type of aerobic 
exercise. Aerobic exercise is the type of exercise 
during which the essential parameter of maximal 
aerobic capacity (VO2max) and cardiovascular 
abilities are observed (9). The VO2 max is the 
maximum oxygen uptake or maximum volume 
of oxygen that is consumed in one minute during 
maximal exercise. It is presented in the milliliters 
of oxygen consumed in one minute per kilogram 
of body weight (ml/min/kg). It is often used as a 
parameter for the assessment of cardiovascular 
(aerobic) capacity (10). Physiologists have found 
that the determination of the amount of oxygen re-
ceived is the best measure for determination of the 
aerobic work (11).Such a determination requires 

expensive instruments and laboratory conditions. 
A tested person runs on a treadmill and volume of 
inhaled and exhaled air and heart rate are measu-
red (12). To this end, the value of using a heart rate 
monitor (pulsmeter) is important. It can easily and 
surely supervise our aerobic training and achieve 
the desired results (9). Numerous tests are desi-
gned to measure or predict the maximum oxygen 
uptake (maximal aerobic capacity or VO2 max) 
(12). Depending on the exhaustion of the subject 
during the test, the tests may be maximum or sub-
maximum tests (13).
One of submaximum test that is suitable for re-
creational sportsmen is Urho Kaleva Kekonen 
(UKK) test, which provides the value of cardio-
vascular capacity (VO2max) in subjects (14). On 
basis of the obtained values   of VO2max, one can 
calculate fitness index, and, based on the value of 
the fitness index, subjects are classified in speci-
fic fitness categories based on which appropriate 
physical activities are recommended (15). Urho 
Kaleva Kekonen test is suitable for physically he-
althy persons (with no signs of infectious diseases, 
no chronic disease and with no osteomuscular da-
mage or deformation) between 20 and 65 years of 
age (15). It is less reliable for persons older than 
65, for the persons with severe and extreme obe-
sity, and athletes often do not reach the required 
heart rate during the test (16). For that reason this 
test is suitable only for those subjects with avera-
ge activity (daily activities at home, regular jobs 
at the workplace and recreational activity twice a 
week). UKK original test was not designed as a 
typical test for the conveyor belt (treadmill).
The aim of this study was to determine the relati-
onship between BMI and predicted values of VO-
2max obtained by UKK test for I degree of obesity.

EXAMINEES AND METhODS

Three groups with ten male subjects in each of dif-
ferent ages and different physical status, voluntari-
ly participated in the study. Criteria for the classifi-
cation in a particular group was the value of BMI. 
Medical observation (ECG, heart rate, blood 
pressure, occupation, smoking habits, etc.) was 
performed before, during and 24 hours before 
testing. Subjects were instructed not to have dif-
ficult physical activities 48 hours before the test. 
The equipment was identical for all subjects. En-
vironmental conditions (ambient temperature 21.3 
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± 1.4 ºC, humidity 42.4 ± 7.5%) were the same 
for all subjects. The aim of this study and deta-
ils of procedures applied in it were explained and 
the opportunity to ask everything they did not un-
derstand was given to all subjects. All procedures 
were performed in accordance with the ethical 
standards of the Ethics Committee of the Institute 
of Physiology, School of Medicine in Kragujevac, 
Serbia, and the Helsinki Declaration. A method of 
research was the UKK test, which provided the 
value of cardiovascular capacity (VO2max) in su-
bjects after 2 km of fast walking, fitness index was 
calculated using a complex formula taking into 
account age, height, weight, test duration and he-
art rate to determine the physical condition of the 
subjects compared to the average values.
Fitness index = 420 + A x 0.2 - (T x 0.19338 + 
HR x 0.56 + [W ÷ H ² x 2.6]) for males,
Fitness index = 304 + A x 0.4 - (T x 0.1417 + HR 
x 0.32 + [W ÷ H ² x 1.1]) for females (A-age, H - 
height in meters, W-mass in kg, HR - the average 
value of heart rate during the test and T-time for 
2 km of fast walking in seconds).
The UKK obtained, provided the following 
parameters: power consumption, fitness index, 
fitness category, predicted VO2max, predicted 
maximum heart rate. Based on the fitness index 
values, fitness categories were determined as 
follows: <70- significantly below average, 70-
90 - slightly below average, 90-110 – average, 
110-130 - slightly above average, >130 - signifi-
cantly above average.
Pulse was recorded in 5-second intervals by Polar 
“heart rate” monitor (Polar 610i, Tampere/Finland).
Required equipment was treadmill, watch or sto-
pwatch, heart rate monitor (POLAR 610i) and 
POLAR software, device for temperature and 
humidity measuring (KIMO HD200, Kimo in-
struments, Montpon, France).
Subject had been walking for 2 km as fast as 
they could at a constant rate. On this basis, PO-
LAR software automatically calculated the re-
sults of UKK test. 
The results were presented as arithmetic mean 
and standard deviation. Correlation analysis and 
determination of the correlation coefficient with 
reference to the table values for the appropria-
te level of probabilities of an appropriate level 
of degrees of freedom. The relation of BMI and 

VO2max was evaluated using linear correlation 
test. The significance of differences between ari-
thmetic means of the indicators was tested using 
the Student t-test. 

RESuLTS 

The obtained mean value of BMI (23.05 ± 1.88) 
for the first group of subjects, characterized them 
as the people with normal weight, and the avera-
ge fitness index value of (89.9 ± 7.84) correspon-
ds the value of fitness category 2 (slightly below 
average). The values of a fitness index determi-
ning the fitness category are presented (Table 1).

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 22 70 191 19.2 94 198 47.4
2 29 78 192 21.2 101 191 47.5
3 41 75 185 21.9 89 188 38.9
4 22 81 192 21.9 81 199 42.4
5 23 67 171 22.9 104 184 51.5
6 27 83 187 23.7 95 190 46.3
7 39 89 189 24.9 81 187 36.2
8 39 93 193 24.9 87 190 38.2
9 30 91 191 24.9 84 187 37.3
10 35 95 195 25 83 187 36
x 30.7 82.2 188.6 23.05 89.9 190.1 42.3
SE 2.21 2.92 2.05 0.59 2.5 1.46 1.65

Table 1. The value of urho Kaleva Kekonen (uKK) test param-
eters and body mass index (BMI) of normal weight subjects 

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate; VO2max, maximal aerobic capacity, maximal 
oxygen consumption

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 43 85 180 26.2 79 186 39.8
2 34 86 180 26.5 84 185 39
3 32 88 182 26.6 95 185 44.7
4 30 90 183 26.9 84 186 40.8
5 38 90 180 27.8 76 185 34.9
6 36 96 185 28 62 190 30.1
7 34 101 190 28 90 182 41.4
8 39 98 186 28.3 70 183 31.6
9 40 100 185 29.2 75 183 33.3
10 38 96 180 29.6 67 184 31.4
x 36.4 93 183.1 27.7 78.2 184 36.7
SE 1.18 1.76 1.01 0.35 3.1 0.7 1.5

Table 2. The value of urho Kaleva Kekonen (uKK) test param-
eters and body mass index (BMI) of overweight subjects

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate;VO2max, maximal aerobic capacity, maximal 
oxygen consumption

The mean BMI value of the second group (27.7 
± 1:09) correspond to the category of people be-
ing overweight and average fitness index (78.2 ± 
9.79) belongs to the fitness category 2 (slightly 
below average) (Table 2). 
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In the third group of subjects, mean BMI value 
was 32.2 ± 1.31, and this group belongs to the ca-
tegory of obese I degree (moderate) obesity, and 
they, according to the mean fitness index (66.9 ± 
6.02) are in the fitness category 1 (significantly 
below average) (Table 3).

physically inactive or active person in Hungary, 
aged 24-62 years in order to determine VO2max 
using the UKK test using the Bland-Altman’s anal-
ysis, a good matching between the methods has 
been found, with a mean prediction error 0.05 mL/
min/kg. In another study, Kang, Laukkanen, Baek 
(18), examined physically untrained individuals in 
Korea and subjected them to the UKK test before 
and after a 12-week exercise program, taking into 
account the accuracy of the UKK test as much as 
on its sensitivity to detect fluctuations in VO2max.  
The UKK test was not only found reliable for 
VO2max, but it had a reliable sensitivity for the 
detection of fluctuations in the value of VO2max. 
Comparing our results with those of Laxmi’s 
study in which Queen’s College Step Test was 
used (21), or results of the study in which Pe-
ter Pribis and colleagues used the Astrand test 
(22), there is an inverse dependence (an increa-
se in one variable decreases the other variable) 
between the values of VO2max and BMI. Com-
mon fact for the previously listed studies is that 
in all of them submaximum tests were applied. 
Poor aerobic capacity in young people who have 
a tendency for weight gain can cause cardiovas-
cular comorbidity in the middle age (23,24).
In the last years, there have been several studi-
es about indirect indications of physical activity, 
such as walking during the day or any active par-
ticipation in physical activities (24-27).
Physical activity causes certain positive effects on 
the entire body. It has an influence on body weight 
and body composition by causing weight loss and 
loss of body fat (25). It has effects on the cardiovas-
cular system as though better mobility causes a de-
crease of blood pressure and lowering of heart rate. 
Flexibility increases, as well as coordination and 
strength. It also leads to increased self-esteem, de-
creased depression and improved socialization (26).
Physical activity reduces the metabolic risk factors 
(improving lipid profile, reducing hyperinsuline-
mia, improving insulin action and glucose toleran-
ce) (27). Physical activity that increases endurance 
is recommended, rather than the one that increases 
the power, and priority is given to activities carried 
out in the open air (27). Among them a walk is in 
the first place, so that we can recommend frequ-
ency, intensity and duration of these activities in a 
simple way by using the UKK test (28). 

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 35 108 190 30 77 184 36.1
2 36 104 185 30.4 75 183 34.6
3 33 101 179 31,5 66 182 32.9
4 37 102 180 31.5 68 181 31.2
5 35 110 184 32.1 74 182 34.2
6 35 100 175 32.6 61 180 30
7 38 98 172 33.1 63 179 31
8 39 108 180 33.3 63 179 29.4
9 37 99 172 33.4 63 177 29.2
10 40 99 170 34.2 59 177 28.6
x 36.5 102.9 178.8 32.3 66.9 180.4 31.7
SE 0.64 1.3 1.97 0.41 1.9 0.72 0.78

Table 3. The value of urho Kaleva Kekonen (uKK) test parameters 
and body mass index (BMI) of subjects with I degree of obesity

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate; VO2max, maximal aerobic capacity, maximal 
oxygen consumption

A high value BMI 32.2 and the mean predicted 
VO2max 31.72 according to UKK test were re-
corded for the third group (ten males aged 35-40 
years) as measures of cardiovascular (aerobic) 
capacity. Since that group of subjects represented 
a target category of this research, the correlation 
analysis and Student-test were performed with a 
corresponding probability and degree of freedom.  
After a correlation analysis of values of VO2max 
obtained by UKK test and BMI for the third gro-
up of subjects, the negative correlation coeffici-
ent was obtained (r = - 0,904 p<0.001), which 
means that there was a statistically significant 
correlation between VO2max and BMI(Table 3).

DISCuSSION

Several studies dealt with the issue of the asses-
sment of the relationship between BMI and VO-
2max values   that were obtained by the UKK test, 
as well as with checking the validity of the UKK 
walking test as an accurate indicator of capacity 
VO2 max in healthy individuals (17-20). They con-
cluded that the UKK test could be used as an im-
portantly reliable test to predict changes, VO2 max 
and that it is suitable for aerobic training of heal-
thy adults who are not professionally involved in 
sports. In one of these works, Zakariás, Petrekanits, 
and Laukkanena (19), which examines the average 
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Between the values of VO2max and BMI, an in-
verse correlation was found suggesting a nece-
ssity to maintain body mass in the optimal range, 
18.5 - 24.9, due to its impact on cardiovascular 
capacity. Poor aerobic capacity in young people, 
who have a tendency to weight gain, can cause 
cardiovascular comorbidity in middle age of life. 
In the third group of respondents, the first fitness 
category dominated.
The aim is to improve VO2max values, so that the 
Fitness index values   belonging to Fitness cate-

gory III dominate, meaning that the Fitness index 
values are   in the range 90-100 (mean).
Considering the frequency, duration and inten-
sity, physical activity should be adjusted to VO-
2max values   and appropriate Fitness category.
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Zavisnost aerobne sposobnosti od telesne mase
Snežana Radovanović1,2, Sanja Kocić1,2, Gordana Gajović3, Svetlana Radević1,2, Mirjana Milosavljević1,2, 
Jovan Nićiforović4

1Medicinski fakultet Univerziteta u Kragujevcu, Kragujevac; 2Institut za javno zdravlje, Kragujevac; 3Zdravstveni centar Aranđelovac, 

Aranđelovac; 4Zavod za zdravstvenu zaštitu radnika, Kragujevac; Srbija

SAŽETAK

Cilj  Utvrditi odnos indeksa telesne mase (BMI) i predviđenih vrednosti VO2max dobijenih  Urho Ka-
leva Kekonenovim (UKK) testom za I stepen gojaznosti. 

Metode  U istraživanju su učestvovale tri grupe od po deset ispitanika, muškog pola, različite staro-
sne dobi i različite fizičke kondicije, odabrane metodom slučajnog uzorka iz opšte populacije grada 
Kragujevca. Nakon što je određen BMI, na tredmilu je urađen UKK-ov test da bi se dobile vrednosti 
kardiovaskularne sposobnosti (VO2max) ispitanika. Na taj način, u laboratorijskim uslovima, dobijene 
su vrednosti predviđenog VO2max. Za prikupljene kontinualne varijable najpre je određena srednja 
vrednost i standardna devijacija, a zatim je urađena korelaciona analiza uz određivanje koeficijenta 
korelacije, kao i testiranje koeficijenta korelacije na osnovu Studentovog testa. 

Rezultati  Posle korelacione analize vrednosti VO2max, dobijenih po UKK-ovom testu, i BMI-a za 
treću grupu ispitanika (deset muškaraca starosti od 35 do 40 godina s prosečnim BMI od 32.2 ± 1.31 
) dobijena je negativna vrednost koeficijenta korelacije (r = - 0.904; p<0.001), pa je time utvrđena in-
verzna zavisnost ove dve veličine, odnosno s porastom vrednosti BMI-a opadaju vrednosti VO2max i 
obratno. U trećoj grupi ispitanika dominirala je I fitnes-kategorija (fitnes-indeks < 70, značajno ispod 
prosečne vrednosti). Cilj je bio da se poboljšaju vrednosti VO2max, tako da dominiraju vrednosti fi-
tnes-indeksa koje pripadaju III fitnes-kategoriji, odnosno da imaju vrednosti u rasponu od 90 do 100 
(prosečna vrednost).

Zaključak  Postojala je značajna negativna korelacija između BMI-a i VO2max (ml/kg/min). Ovo su-
geriše mogućnost uticaja telesne masti na kardiorespiratornu funkciju. 

Ključne reči: BMI, VO2max, UKK.
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