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Introduction: The normative values of exercise capacity used for the interpretation of exercise testing results 
are influenced by a variety of internal and external factors specific to certain populations. Therefore, in clini-
cal practice it is recommended that population-specific reference values be employed. Cardiorespiratory fit-
ness norms have not yet been established for a healthy Lithuanian population over a wide age span. The pur-
pose of the present study was to determine the main cardiorespiratory fitness parameters for healthy adults 
living in Lithuania and to compare these parameters with the reference values established for different for-
eign populations.
Methods: This was a cross-sectional, community-based study involving 168 healthy adults aged from 20 
to 60 years who were randomly selected from the general population. All subjects performed a progressive 
incremental exercise test on the cycle ergometer. The main cardiorespiratory fitness parameters analysed 
were peak oxygen consumption (VO2peak), ventilatory anaerobic threshold, and peak heart rate (HRpeak).
Results: The average estimated VO2peak was 35.02 ± 7.37 mL.kg-1.min-1 for men and 28.27 ± 6.33 
mL.kg-1.min-1 for women. According to the results presented by other authors, this parameter is approxi-
mately 9-22% lower compared to other populations in all age groups, with the exception of the 20-29 year 
old group who alone satisfied fair aerobic fitness criteria. The average age-related decline in VO2peak was 
0.016 L.min-1 per year for men and 0.011 L.min-1 per year for women. However, age itself explained only 
12-14% of the variance. After VO2peak was adjusted relative to body mass, the difference in the decline be-
tween men and women remained insignificant: VO2peak decrease was 0.34 mL.kg-1.min-1 per year for men 
(coefficient of determination R2 0.250) and 0.32 mL.kg-1.min-1 per year for women (R2 0.330). A decline in 
peak heart rate of approximately 9 beats per minute was observed in each following age decade, which was 
well explained by the advancing age (R2 0.512 for men and R2 0.484 for women).
Conclusions: Cardiorespiratory fitness parameters estimated for healthy adults living in Lithuania appeared 
to be lower compared to different foreign populations, despite the relatively similar general trends in the age-
related decline in exercise capacity. Exercise testing laboratories and rehabilitation clinics in Lithuania may 
use these results in clinical practice when evaluating patients’ exercise capacity, or as a promotional tool for 
physical activity in the general public.

T he interpretation of cardiopulmo-
nary exercise test results in the 
various exercise testing laborato-

ries is based on previously published stan-

dard reference values. In some cases, that 
may cause considerable inaccuracies be-
cause cardiorespiratory fitness in a spe-
cific population is determined by charac-
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teristic physical activity habits, geographic living area, 
body composition, genetics, and other factors; thus, 
reference values may differ significantly among vari-
ous populations. The maximal exercise test itself is 
particularly sensitive to gender differences, body size, 
exercise protocol, or exercise type used; it is therefore 
important to know how these variables differ from 
those in the reference populations. For this reason, it 
is recommended for each exercise testing laboratory 
to produce their own population-specific reference 
values and to make comparisons with already known 
normative values available in the literature.1

Cardiorespiratory exercise testing is one of the 
most widely used objective methods for determining 
physical capacity. Its application in clinical practice 
is reasonably extensive and, along with diagnostics of 
cardiovascular and pulmonary diseases, the test has 
major prognostic value. As has been demonstrated by 
large-scale cohort studies worldwide, low physical ca-
pacity is a major factor affecting all-cause mortality, 
comparable to high blood pressure, obesity, and alco-
hol consumption, and almost matches the mortality 
that is directly linked to tobacco use.2,3 Cardiorespi-
ratory fitness is commonly described in terms of the 
parameters maximal oxygen consumption (VO2max) 
and ventilatory anaerobic threshold (VAT). VO2max 
is the major parameter used to describe physical ca-
pacity: low VO2max is well correlated with high car-
diovascular mortality rates.4 VAT defines a transition 
between aerobic and anaerobic metabolism and is 
closely linked to regular exercise training; it is there-
fore used as an additional parameter to assess cardio-
respiratory fitness.5 The age-related decline in cardio-
respiratory fitness is an inevitable physiological phe-
nomenon, which in turn might be explained by the de-
cline in cardiac output,6 maximal heart rate,7 loss of 
skeletal muscle mass,8 and other factors, such as de-
creasing functional activity levels or social status.

The purpose of the present study was: (i) to de-
termine the main cardiorespiratory fitness parame-
ters for healthy adults living in Lithuania; (ii) to com-
pare our results with the reference normative values 
estimated for other foreign populations; (iii) to de-
scribe the dynamics of cardiorespiratory fitness pa-
rameters with advancing age.

Methods

Subjects

A total of 168 adults aged from 20 to 60 years were 

enrolled in the study. Subjects were randomly chosen 
from the general public living in the city of Vilnius. 
The population was divided into five main groups ac-
cording to their age as recorded on the day of exer-
cise testing: 20-29, 30-39, 40-49, and 50-59 years. The 
demographic characteristics of the study population 
are given in Tables 1 and 2. The selection of subjects 
for the study was based on the following criteria: cur-
rently healthy, non-smoking, not receiving medical 
therapy that could possibly affect cardiorespiratory 
function, without a chronic disease or any orthopae-
dic problems that would not allow them to complete 
the exercise testing protocol. Baseline resting blood 
pressure was required to be below 140/90 mmHg. 
Professional athletes were not included in the study.

Exercise test

Physical capacity was tested by performing a progres-
sive incremental exercise test on the cycle ergome-
ter. Before the test each subject was familiarised with 
routine testing instructions9 and consent forms were 
signed. The cycle ergometer was set to a ramp mode 
for individually fitted incremental tests. Each incre-
ment varied from 15-30 W per minute, and was chosen 
according to the anticipated physical capacity, gender, 
age, body mass, and self-reported physical activity sta-
tus. After 2 minutes of cycling without resistance, the 
load was constantly increased until voluntary or symp-
tom-limited exercise termination occurred. The exer-
cise protocol was designed to last approximately 8-12 
minutes, thus eliciting the most stress on the cardiore-
spiratory system. Throughout the test, blood pressure 
measurements (every 2 minutes) were taken with an 
automatic sphygmomanometer and constant eletrocar-
diogarphic monitoring was applied. Mean arterial pres-
sure was calculated using the following equation: MAP 
= Pdias + 1/3 (Psys – Pdias). The entire exercise test was 
supervised by a physician. The generally accepted cri-
teria for premature test termination were used.10

Prior to the exercise test, spirometry was per-
formed for each subject using a manually calibrated 
spirometer (SensorMedics, USA), and the parame-
ters forced vital lung capacity (FVC) and forced ex-
piratory volume in one second (FEV1) were record-
ed. Expired gases during the test were measured and 
analyzed using a “breath-by-breath” respiratory mass 
spectrometry system (Vmax® Encore 229, Sensor-
Medics, USA) that was automatically calibrated be-
fore each test. The anaerobic threshold and VAT were 
determined by the “V-slope” method (VCO2/VO2 ra-
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tio) – the first curve inflection.11 Ventilatory equiva-
lents for O2 (VE/VO2, where VE is maximal minute 
ventilation) and CO2 (VE/VCO2) were used as ad-
ditional criteria for the establishment of VAT: the 
start point of the increase in VE/VO2, while VE/VCO2 
reaches a plateau or is still decreasing, as described 
by Caiozzo et al.12 Peak oxygen consumption (VO-

2peak) was considered to be achieved if VO2 reached 
a plateau in the presence of a growing power output 
(W). If the subject was exhausted before the attain-
ment of VO2peak, the VO2 value was accepted as a 
reasonable maximum if the heart rate was >85% of 
the predicted maximum rate and a respiratory quo-
tient (RQ) >1.00 was recorded. The interpretation of 
all data was carried out by two investigators and the 
main cardiorespiratory fitness parameters were anal-
ysed: VO2peak, VAT, peak heart rate (HRpeak), RQ, 
VE, FVC, and FEV1.

Statistical analysis

Statistical analysis was performed using the SPSS 17.0 
statistical software. Anthropometric and main car-
diorespiratory fitness parameters were grouped in 
10-year age cohorts and presented as mean ± stan-
dard deviation. Student’s t-test was used to make 
comparisons between physical characteristics for each 
age group. Linear regression analysis was applied to 
identify correlations between age and different physi-
cal capacity parameters, supplemented by the coeffi-
cient of determination (R2), standard error (SE) and 
regression statistical significance (p). The level of sig-
nificance was set at p<0.05.

Results

Subjects

The initial study sample included 181 adults. The ex-
ercise test results of 13 subjects were excluded from 
the study analysis because of medical reasons re-
vealed during the test (systolic blood pressure >250 
mmHg and manifestation of previously undiagnosed 
coronary insufficiency) or if the subjects were not 
physically fit enough to fulfil the VAT or VO2peak cri-
teria. The final study sample included 91 men and 77 
women, making a total of 168 adults analysed. The 
anthropometric characteristics and cardiorespiratory 
fitness parameters of the study subjects are presented 
in Tables 1 and 2. The average peak oxygen consump-
tion adjusted for body mass for all ages was 35.02 ± 

7.37 mL.kg-1.min-1 for men and 28.27 ± 6.33 mL.kg-1.
min-1 for women (Tables 3 and 4). Linear regression 
equations for the main cardiorespiratory fitness pa-
rameters are listed in Table 5. Spirometry records are 
presented in Table 6.

The regression analysis revealed a positive cor-
relation between body mass index (BMI) and age for 
men and women: BMI (men) = 0.145 × Age + 20.46 
(SE=9.73; R2=0.187; p<0.001) and BMI (wom-
en) = 0.175 × Age + 17.09 (SE = 9.90; R2 = 0.253; 
p<0.001), respectively. However, the difference in 
BMI was statistically significant only in the 20-29 and 
50-59 age groups (p<0.001; Figure 1).

Aerobic exercise capacity (VO2peak)

During maximal exercise RQ was similar for both 
sexes: 1.12 ± 0.12 in men and 1.18 ± 0.15 in women. 
There was a significant age-related decline in the pa-
rameters of cardiorespiratory function, expressed as 
VO2peak (L.min-1; mL.kg-1.min-1). According to the 
regression analysis the decline was 0.016 L.min-1 per 
year for men and 0.011 L.min-1 per year for women 
(Figure 2), with no significant disparity between the 
sexes. However, only 12-14% of the variance could 
be explained by age (Table 5). The decline in VO2 

peak adjusted for body mass did not produce a sig-
nificant difference between males and females (0.34 
mL.kg-1.min-1 per year and 0.32 mL.kg-1.min-1 per 
year, respectively), though in this instance age ex-
plained more than 25% of the variance for males and 
33% for females (Figure 3). The regression equations 
for VO2peak were: VO2peak = 48.77 - 0.342 × Age 
(R2=0.25) for men and VO2peak = 40.99 - 0.319 × 
Age (R2=0.33) for women.

Ventilatory anaerobic threshold

The average VO2 at the VAT was 21.19 ± 6.46 
mL.kg-1.min-1 for men and 19.64 ± 6.50 mL.kg-1.min-1 
for women, corresponding to 57 ± 14.4% and 63 ± 
14.2% of VO2peak; there was no significant change 
with advancing age (Tables 1 & 2). VAT correlated 
well with the peak VO2 values (p<0.001): VAT = 
0.577 × VO2peak + 0.965 (SE=5.58; R2=0.434) for 
men and VAT = 0.742 × VO2peak - 1.446 (SE=4.39; 
R2=0.542) for women (Figure 4). The age-related 
decline in VAT was significant for both sexes: VAT = 
28.38 - 0.181 × Age; SE=10.36; R2=0.092 (p<0.01) 
for men and VAT = 29.91 - 0.260 × Age; SE=10.7; 
R2=0.201 (p<0.001) for women (Figure 5).



110 • HJC (Hellenic Journal of Cardiology)

A. Grigaliūnienė et al

Table 1. Anthropometric and physical characteristics of male subjects by 10-year age groups.

Parameters Total 20-29 30-39 40-49 50-59
 n=91 n=21 n=24 n=30 n=16

Height (cm) 179.71 ± 5.78 182.0 ± 5.34 180.9 ± 4.25 180.1 ± 5.58 174.1 ± 5.62†

Weight (kg) 84.64 ± 11.40 80.95 ± 12.35 84.08 ± 13.34 85.53 ± 9.96 88.63 ± 8.69*
BMI (kg.m-2) 26.25 ± 3.54 24.44 ± 3.54 25.63 ± 3.51 26.43 ± 3.44 29.21 ± 2.29‡

Body surface area (m2) 2.04 ± 0.15 2.01 ± 0.15 2.04 ± 0.16 2.05 ± 0.12 2.04 ± 0.12
VO2peak (L.min-1) 2.92 ± 0.52 3.23 ± 0.48 3.01 ± 0.48† 2.79 ± 0.47† 2.61 ± 0.51‡

VO2peak (mL.kg-1.min-1) 35.02 ± 7.37 40.35 ± 5.77 36.65 ± 8.16† 32.89 ± 5.75‡ 29.54 ± 5.48‡

VAT (mL.kg-1.min-1) 21.19 ± 6.46 24.83 ± 7.68 22.48 ± 7.53 20.06 ± 5.29 17.91 ± 4.66*
VAT as % of VO2peak 57.15 ± 14.48 54.67 ± 16.70 56.91 ± 14.21 59.21 ± 15.29 59.25 ± 13.29
HRpeak (beats.min-1) 163.37 ± 14.17 178.0 ± 9.22 166.4 ± 8.40‡ 157.4 ± 11.59‡ 151.0 ± 13.3‡

Data are presented as mean ± standard deviation plus statistical significance (*p<0.05, †p<0.01, ‡p<0.001) for each age group compared to the 20-29 years 

group. 

BMI – body mass index; VO2peak – peak oxygen consumption; VAT – ventilatory anaerobic threshold; HRpeak – peak heart rate.

Table 2. Anthropometric and physical characteristics of female subjects by 10-year age groups.

Parameters Total 20-29 30-39 40-49 50-59
 n=77 n=21 n=18 n=20 n=18

Height (cm) 166.64 ± 6.05 169.0 ± 6.45 167.22 ± 4.89 165.65 ± 6.82* 164.40 ± 5.04*
Weight (kg) 66.12 ± 9.71 62.14 ± 8.95 64.61 ± 8.74 65.95 ± 10.68 71.44 ± 7.68
BMI (kg.m-2) 23.89 ± 3.86 21.78 ± 3.03 23.13 ± 3.28 24.08 ± 3.84 26.91 ± 3.56
Body surface area (m2) 1.74 ± 0.13 1.70 ± 0.13 1.72 ± 0.12 1.73 ± 0.15 1.81 ± 0.09
VO2peak (L.min-1) 1.84 ± 0.36 2.13 ± 0.42 1.76 ± 0.28‡ 1.65 ± 0.24‡ 1.79 ± 0.25‡

VO2peak (mL.kg-1.min-1) 28.27 ± 6.33 34.68 ± 6.75 27.37 ± 4.11‡ 25.34 ± 3.66‡ 24.98 ± 4.52†

VAT (mL.kg-1.min-1) 19.63 ± 6.50 24.85 ± 7.60 19.25 ± 5.91* 16.34 ± 3.86† 17.46 ± 4.05†

VAT as % of VO2peak 63.28 ± 14.22 65.50 ± 16.75 59.82 ± 17.02 59.11 ± 10.24 69.13 ± 9.41
HRpeak (beats.min-1) 166.8 ± 15.14 178.4 ± 11.75 171.9 ± 9.46 163.4 ± 13.23† 152.0 ± 11.76‡

Data are presented as mean ± standard deviation plus statistical significance (*p<0.05, †p<0.01, ‡p<0.001) for each age group compared to the 20-29 years 
group. 
Abbreviations as in Table 1.

Table 3. Comparison of mean peak oxygen consumption (VO2peak; mL.kg-1.min-1) values for men in our study and normative values by 
percentiles reported by the Cooper Institute, Dallas TX, by age groups.

   Our study data   Cooper Institute data
 Age No. VO2peak 95%  VO2peak percentile
    confidence
   mean ± SD interval 20th 50th 80th

 20-29 21 40.35 ± 5.77 37.88–42.82 38.1 43.9 51.1
 30-39 24 36.65 ± 8.16* 33.39–39.91 36.7 42.4 47.5
 40-49 30 32.89 ± 5.75† 30.84–34.94 34.6 40.4 46.8
 50-59 16 29.54 ± 5.48† 26.86–32.22 31.1 36.7 43.3

 60 +    27.4 33.1 39.5

20th and 80th percentile values represent poor and excellent cardiorespiratory fitness categories, respectively, as published by American College of Sports 
Medicine (ACSM).14 Statistical significance (*p<0.01, †p<0.001) for each age group compared to the 20-29 years group.
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Table 4. Comparison of mean peak oxygen consumption (VO2peak; mL.kg-1.min-1) values for women in our study and normative values by 
percentiles reported by the Cooper Institute, Dallas TX, by age groups.

   Our study data   Cooper Institute data
       VO2peak percentile
   VO2peak 95% confidence
 Age No. mean ± SD interval 20th 50th 80th

 20-29 21 34.68 ± 6.75 31.80–37.56 31.6 37.4 44.0
 30-39 18 27.37 ± 4.11† 25.47–29.27 29.9 35.2 41.0
 40-49 20 25.34 ± 3.66† 23.74–26.94 28.0 33.3 38.9
 50-59 18 24.98 ± 4.52* 22.90–27.06 25.5 30.2 35.2
 60 +    23.7 27.5 32.2

20th and 80th percentile values represent poor and excellent cardiorespiratory fitness categories, respectively, as published by American College of Sports 
Medicine (ACSM).14 Statistical significance (*p<0.01, †p<0.001) for each age group compared to the 20-29 years group.

Table 5. Linear regression equations for the cardiorespiratory fitness parameters in men and women.

 Coefficient of p 
 determination R²

Men:
VO2peak (L.min-1) = 3.599 - 0.016 × Age 0.127 <0.001
VO2peak (mL.kg-1.min-1) = 48.77 - 0.342 × Age 0.250 <0.001
BMI (kg.m-2) = 0.145 × Age + 20.46 0.187 <0.001
VAT (mL.kg-1.min-1) = 0.577 × VO2peak + 0.965 0.434 <0.001
VAT (mL.kg-1.min-1) = 28.38 - 0.181 × Age 0.092 <0.01
Peak HR (beats.min-1) = 200.9 - 0.945 × Age 0.512 <0.001

Women:
VO2peak (L.min-1) = 2.310 - 0.011 × Age 0.147 <0.001
VO2peak (mL.kg-1.min-1) = 40.99 - 0.319 × Age 0.330 <0.001
BMI (kg.m-2) = 0.175 × Age + 17.09 0.253 <0.001
VAT (mL.kg-1.min-1) = 0.742 × VO2peak - 1.446 0.542 <0.001
VAT (mL.kg-1.min-1) = 29.91 - 0.260 × Age 0.201 <0.001
Peak HR (beats. min-1) = 203.6 - 0.925 × Age 0.484 <0.001

Table 6. Main spirometry parameters for men and women (mean values ± SD) and comparison with spirometry reference values pub-
lished by the European Respiratory Society (ERS).13

Parameters Under 40 Over 40 Regression equation Reference equation
   (coefficient of determination) (ERS)

Men: n=45 n=46
FVC (L) 5.94±0.63 5.40±0.63 FVC = 4.38 × Ht - 0.019 × Age -1.45 (R2 0.32) FVC = 5.76 × Ht - 0.026 × Age - 4.34
FEV1 (L) 4.82±0.59 4.05±0.53 FEV1 = 4.18 × Ht - 0.03 × Age - 1.78 (R2 0.55) FEV1 = 4.30 × Ht - 0.03 × Age - 2.49
FEV1/FVC (%) 80.74±7.11 75.20±7.09 FEV1/FVC = 90.1 - 0.30 × Age (R2 0.20) FEV1/FVC = 87.21 - 0.19 × Age
VEmax (L.min-1) 92.43±17.98 87.57±18.57
VTpeak (L) 3.00±0.63 3.08±0.48

Women: n=39 n=38
FVC (L) 4.33±0.50 3.89±0.72 FVC = 5.48 × Ht - 0.01 × Age - 4.42 (R2 0.41) FVC = 4.43 × Ht - 0.026 × Age - 2.89
FEV1 (L) 3.73±0.44 3.01±0.49 FEV1 = 4.40 × Ht - 0.03 × Age - 2.80 (R2 0.67) FEV1 = 3.95 × Ht - 0.025 × Age - 2.60
FEV1/FVC (%) 87.48±6.81 78.21±5.74 FEV1/FVC = 99.98 - 0.43 × Age (R2 0.35) FEV1/FVC = 89.10 - 0.19 × Age
VEmax (L.min-1) 67.51±13.69 63.28±11.80
VTpeak (L) 2.00±0.32 1.96±0.28

FVC – forced vital capacity; FEV1 – forced expiratory volume in one second; VTpeak – peak tidal volume; VEmax – maximal minute ventilation; Ht – height.
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Peak heart rate

Regression analysis showed a correlation between 
HRpeak and oxygen consumption (VO2, L.min-1) 
during maximal exercise: HRpeak = 12.16 × VO2 
+ 127.8 (R2=0.200; p<0.001) for men and HR-
peak=13.82 × VO2 + 141.3 (R2=0.106; p<0.05) for 
women (Figure 6). However, a more solid relation-
ship was observed between HRpeak and age, with a 
decline of approximately 9 beats per minute in HR-
peak for each following age decade: HRpeak = 200.9 
- 0.945 × Age (R2=0.512; p<0,001) for men and HR-
peak = 203.6 - 0.925 × Age (R2=0.484; p<0.001) for 
women (Figure 7). During the maximal exercise test 
men attained 93.2 ± 5.9% and women 96.4 ± 6.5% 
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Figure 1. The linear relationship between body mass index (BMI) 
and age. A significant increase in BMI was observed in both 
groups: BMI (men) = 0.145 × Age + 20.46 (SE=9.73; R2=0.187; 
p<0.001) and BMI (women) = 0.175 × Age + 17.09 (SE=9.90; 
R2=0.253; p<0.001).

Figure 2. Relationship between age and peak oxygen consump-
tion (VO2peak). A significant age-related decline in VO2peak 
was observed in both men and women: VO2peak (men) = 3.599 
- 0.016 × Age (R2=0.127) and VO2peak (women) = 2.310 - 0.011 
× Age (R2=0.147).

Figure 3. Relationship between age and peak oxygen consumption 
(VO2peak) adjusted for body mass. A significant age-related de-
cline in VO2peak was observed in both men and women: VO2peak 
(men) = 48.77 - 0.342 × Age (R2=0.25) and VO2peak (women) 
=40.99 - 0.319 × Age (R2=0.33).

VO2 peak (ml·kg-1·min-1)

45
40
35
30
25

10
5

15
20

0
555 15 25 35 45

V
O

2 a
t V

A
T 

(m
l·k

g-
1 ·

m
in

-1
)

Male
Female

Age (years)

45
40
35
30
25

10
5

15
20

0
6010 20 30 40 50

V
O

2 a
t V

A
T 

(m
l·k

g-
1 ·

m
in

-1
)

Male
Female

Figure 4. The linear relationship between ventilatory anaero-
bic threshold (VAT) and peak oxygen consumption (VO2peak). 
Higher VO2peak values produced higher VAT for both sexes: VAT 

(men) = 0.577 × VO2peak + 0.965 (SE=5.58; R2=0.434) and 
VAT (women) = 0.742 × VO2peak - 1.446 (SE=4.39; R2=0.542) 
for women.

Figure 5. Relationship between ventilatory anaerobic threshold 
(VAT) and age. A significant age-related decline in VAT was ob-
served in women (VAT = 29.91 - 0.260 × Age; SE=10.7; R2=0.201; 
p<0.001) and in men (VAT = 28.38 - 0.181 × Age; SE=10.36; 
R2=0.092; p<0.01).
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of their predicted age-specific maximal heart rate 
(HRmax = 220 - age).

Arterial blood pressure

The average arterial blood pressure before the test 
was 126 ± 12 mmHg / 81 ± 10 mmHg for men and 
122 ± 14 mmHg / 78 ± 10 mmHg for women. Mean 
arterial pressure (MAP) was 96 ± 9 mmHg and 92 ± 
10 mmHg before the test, and 118 ± 18 mmHg and 
112 ± 17 mmHg during maximal exercise, for men 
and women, respectively. Age had no effect on rest-
ing MAP, though during maximal effort MAP was 
well explained by age for both sexes: MAP = 0.495 
× Age + 98.31; R2=0.088; SE 10.3; p<0.05 for men 
and MAP = 0.568 × Age + 89.60; R2=0.370; SE 10.5; 
p<0.001 for women (Figures 8 and 9).

A negative correlation was observed between MAP 
during maximal effort and height in men (R2=0.066; 
p<0.05). In addition, in men a higher BMI was associ-
ated with higher MAP values at rest and during maxi-
mal exercise (MAP = 0.994 × BMI + 70.48; R2=0.151 
and MAP = 2.244 × BMI + 59.07; R2=0.204, respec-
tively). However, in women neither height nor BMI 
had an effect on the MAP response (Figure 10).

Ventilatory efficiency

The average VE/VCO2 was 26.0 ± 3.2 in men and 
27.0 ± 3.1 in women (p<0.05). An age-related de-
cline in ventilatory efficiency measured at the VAT 
was observed only in men (VE/VCO2 = 0.077 × Age 
+ 22.88; R2=0.066; SE 10.33; p<0.05), and the av-
erage VE/VCO2 for those below and above 40 years 
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Figure 7. Linear relationship between age and peak heart rate (HR-
peak). A significant age-related decline in HRpeak was observed in 
men (HRpeak = 200.9 - 0.945 × Age; R2=0.512; p<0,001) and in 
women (HRpeak = 203.6 - 0.925 × Age; R2=0.484; p<0.001).

Figure 6. Linear relationship between peak HR and maximal oxy-
gen consumption (L.min-1). A significant positive correlation was 
observed for both sexes.
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Figure 8. Age-related mean arterial pressure (MAP) prior to the 
test and during maximal effort in men. The positive correlation 
was significant only during maximal exercise: MAP=0.495 × Age 
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test and during maximal effort in women. The positive correlation 
was significant only during maximal exercise: MAP = 0.568 × Age 
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of age was 25.0 ± 2.9 and 26.9 ± 3.2 (p<0.01), re-
spectively (Figure 11). No significant correlation be-
tween age and ventilatory efficiency was determined 
in women.

Discussion

The main purpose of this study was to estimate the 
cardiorespiratory fitness of a healthy adult Lithuanian 
population aged from 20 to 60 years. To our knowl-
edge, this is the first study in Lithuania to assess the 
cardiorespiratory fitness of the general population 
in the age range 20-60 years and the age-related de-
cline in aerobic fitness parameters. There are no ex-
isting solid standards for estimating cardiorespira-
tory fitness in distinct populations; therefore, many 
authors recommend that each exercise testing labora-
tory should establish their own, population-specific, 
reference values.1

The most striking finding of this study was that, 
in relation to the normative cardiorespiratory fitness 
values published by the American College of Sports 
Medicine (ACSM),14 based on data provided by the 
Cooper Institute, all the men and women in our study 
who were aged over 30 years fell below the 20th per-
centile of VO2peak, which is considered as poor car-
diorespiratory fitness. Only the 20-29 years age group 
for both sexes satisfied fair aerobic fitness criteria 
(Tables 3 and 4). The average VO2peak adjusted for 
body mass for all ages was 35.02 ± 7.37 mL.kg-1.min-1 
for men and 28.27 ± 6.33 mL.kg-1.min-1 for women. 
Habedank et al,15 sampling a healthy European pop-

ulation, demonstrated significantly higher peak VO2 
values: 38.8 ± 7.2 mL.kg-1.min-1 for men and 32.2 
± 7.4 mL.kg-1.min-1 for women. A study conducted 
in Japan by Sanada et al,8 including subjects over 70 
years of age, also demonstrated higher VO2peak pa-
rameters: 39.8 ± 7.4 mL.kg-1.min-1 for men and 35.4 
± 7.2 mL.kg-1.min-1 for women. From a more re-
cent study, the average measured VO2peak in healthy 
adults up to 50 years living in the United States was 
43.2 ± 0.3 (SE) mL.kg-1.min-1 for men and 35.5 ± 0.3 
(SE) mL.kg-1.min-1 for women.16 Results reported by 
other authors indicate that VO2peak in healthy Lithu-
anians is approximately 9-22% lower compared to oth-
er populations. Another study from the US17 present-
ed similar results to ours (35.3 ± 8.4 mL.kg-1.min-1 for 
men and 29.4 ± 7.1 mL.kg-1.min-1 for women). How-
ever, their study population included very old adults 
(up to 87 years old), which could explain the relatively 
low reported average VO2peak values.

The age-related decline in cardiorespiratory fitness 
is well demonstrated by two parameters: VO2peak and 
VAT. The former mainly characterises adaptation to 
exercise of a central origin, while VAT reflects changes 
in the periphery related to mitochondrial activity and 
mitochondria density in muscle fibres.19,20 In the pres-
ent study, the age-related decline of VO2peak adjusted 
to body mass was 0.34 mL.kg-1.min-1 per year in men 
and 0.32 mL.kg-1.min-1 per year in women. The de-
clines in cardiorespiratory fitness were similar to those 
shown in other studies: Fleg et al,17 after examining 
over 800 adults aged 21-87 years, estimated that the av-
erage age-related decline in VO2peak is 0.36 mL.kg-1.
min-1 per year for men and 0.30 mL.kg-1.min-1 per year 
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Figure 10. Linear relationship between mean arterial pressure 
(MAP) and body mass index (BMI) in men. A higher BMI re-
sulted in higher MAP before the test and during maximal effort 
(MAP = 0.994 × BMI + 70.48; R2=0.151 and MAP = 2.244 × 
BMI + 59.07; R2=0.204, respectively).

Figure 11. Linear relationship between age and ventilatory ef-
ficiency (VE/VCO2). An age-related decline in VE/VCO2 was 
observed in men (VE/VCO2 = 0.077 × Age + 22.88; R2=0.066; 
SE 10.33; p<0.05).
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for women. In a population of healthy women aged 
20-64 years the decline was 0.26 mL.kg-1.min-1 per 
year.20 The rate of decline is also similar in the older 
population (from 55 to 87 years), as demonstrated by 
Paterson et al:21 0.31 mL.kg-1.min-1 per year for men 
and 0.25 mL.kg-1.min-1 per year for women. The sim-
ilarity between the observations in the above-men-
tioned studies suggests that the tendency to a decline 
in cardiorespiratory fitness with advancing age does 
not depend on the different populations examined, 
the exercise testing protocols, or the use of somewhat 
different criteria for establishing the true values of 
cardiorespiratory fitness.

However, to claim that age is the only parameter 
responsible for the decline in cardiorespiratory fit-
ness would not be completely accurate. In the present 
study, age explained only 12% of the variance in the 
decline of VO2peak in men and 14% in women. Af-
ter adjusting for body mass, the age-related decline in 
VO2peak accounted for 25% of the variance observed 
in men and 33% in women; this finding is in agree-
ment with other studies.21 Physical activity, changes in 
body composition, and other factors may also deter-
mine the rate of decline in cardiorespiratory fitness.22 
Sanada et al8 examined 1464 adults aged 20-80 years 
and found that VO2peak and VAT are well explained 
by skeletal muscle mass, aside from advancing age. 
Age-related loss of skeletal muscle mass is a physi-
ological phenomenon, and during each year start-
ing from the fifth decade, the loss approximates 0.18 
kg for men and 0.08 kg for women.23 Loss of skeletal 
muscle mass can at least partially explain the age-as-
sociated decline in aerobic fitness, since muscles are 
highly metabolically active tissue. Therefore, relat-
ing lean body mass parameters to cardiorespiratory 
fitness is a much better option compared to BMI, as 
the latter cannot estimate the true body composition 
and its dynamics. In the present study, we observed 
an age-related increase of BMI in men and women 
(R2=0.187 and R2=0.253, respectively). Though this 
does not give the correct values of lean body mass 
and fat mass and their dynamics over time, we tend to 
suppose that the increase in BMI is partly explained 
by an increase in overall adipose tissue.24

Some authors state that cycle ergometry is not the 
most appropriate method for exercise testing, com-
pared to walking or running on the treadmill, main-
ly because cycling challenges less accustomed muscle 
groups.21 It has previously been shown that VO2max 
values are 10-15% higher on the treadmill testing 
than in cycle ergometry.25,26 However, the point pro-

posed by Paterson et al21 is more valid for an older 
population (over 60 years), and we believe that the 
cycle ergometry used in our study did not require any 
additional exertion and effort to perform when we 
compared younger and older study subjects in our 
population.

Cardiorespiratory fitness and adaptation to exercise 
stress are in part described by VAT. Commonly VAT is ex-
pressed not in absolute values (mL.kg-1.min-1), but as a 
percentage of maximal oxygen consumption. A num-
ber of studies evaluated VAT in adults of different 
age and fitness. VAT is usually much higher in trained 
adults, reflecting their better ability to perform more 
intense work exclusively under aerobic work con-
ditions. The reported VAT for trained triathletes is 
75% of VO2peak,27 while for most sedentary adults 
VAT rarely exceeds 60% of VO2peak.28 In the present 
study, VAT was 57% of VO2peak (SD 14.5) for men 
and 63% of VO2peak (SD 14.2) for women, with no 
significant difference between the sexes. Habedank et 
al15 also demonstrated that for sedentary adults VAT 
is not predetermined by sex.

In our study, VAT remained relatively stable with 
advancing age. A weak negative correlation was ob-
served in both groups (R2=0.09 for men and R2=0.20 
for women). The average VAT in our studied popula-
tion was approximately 20 mL.kg-1.min-1, and this is in 
agreement with results reported by Habedank et al:15 
sampling 101 healthy persons aged 16-75 years the 
authors calculated that average VAT was 18.0 mL.kg-1.
min-1 VO2 for women and 22.8 mL.kg-1.min-1 VO2 for 
men. However, there are different data from an old-
er population: Paterson et al,21 in a study examining 
adults aged 55-86 years, noticed that the age-related 
decline in VAT was much faster; this could be attrib-
uted to the lower functional activity in elderly persons 
compared to younger ones. In addition, when inter-
preting these results it is important to note that the 
decline in VO2peak in older individuals is even more 
rapid, thus explaining the high percentages of VAT 
relative to VO2peak at this age: as much as 70-90% 
of peak oxygen consumption.21,29 Summarizing, VAT 
may be considered as an important parameter in de-
fining endurance capacity. In spite of the age-related 
decline in VO2peak, the stability of VAT from youth 
to old age is likely due to maintaining the usual every-
day physical activity required for independent living 
and reflects the preserved metabolic function of skel-
etal muscles.18

We also observed that a higher BMI for men was 
correlated with the magnitude of the MAP response 
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at rest and during maximal exercise (R2=0.151 and 
R2=0.204, respectively). A high BMI is an estab-
lished risk factor for the development of hyperten-
sion.30,31 Chen et al32 conducted a large cohort study 
(n=35,061) and found that both BMI and cardiore-
spiratory fitness had an effect on arterial blood pres-
sure at rest: the difference in mean systolic blood 
pressure between normal-weight and obese individu-
als was 12 mmHg, while fitter subjects exhibited a 6 
mmHg lower mean systolic blood pressure compared 
to sedentary individuals. It seems that a reduction in 
BMI is one of the most important measures for hy-
pertension control and prevention, because in the 
presence of a high BMI other arterial blood pressure 
modifying tools (diet, physical activity) are not so effi-
cient as in normal-weight subjects.32,33

In the present study, the systolic and diastolic 
blood pressure response during maximal exercise was 
more exaggerated in older subjects, while age had no 
effect on resting blood pressure values. This obser-
vation was also acknowledged in a study by Miyai et 
al,31 investigating 1033 healthy normotensive adults 
from 20 to 59 years of age. In addition, the authors 
of the latter study demonstrated that an exaggerated 
blood pressure response during exercise has impor-
tant clinical implications, being a good prognostic in-
dicator for the development of future hypertension, 
increasing the risk by 3 to 4 times. A systolic blood 
pressure increase during exercise is a normal physi-
ological response determined by increasing cardiac 
output. Meanwhile diastolic blood pressure remains 
stable or decreases due to vasodilation of the periph-
eral blood vessels. Under conditions of abnormal pe-
ripheral vascular resistance or low vasodilatory capac-
ity, the diastolic blood pressure response during ex-
ercise becomes inadequate. In the present study we 
used the parameter MAP, which reflects both systolic 
and diastolic components, when assessing the extent 
of cardiovascular response to exercise.

The decrease in HRmax in older subjects is the 
most likely reason for the decline in cardiac output, 
while according to Fick’s equation maximal cardiac 
output is an essential component of VO2peak. We 
observed an average 0.9 beats per year decline in 
HRmax for both men and women, and this variance 
was well explained by age (R2=0.512 and R2=0.484, 
respectively). These results are in agreement with 
other studies of middle-aged populations, which dem-
onstrated an average 0.7-1.0 beats per year reduction 
in HRmax.7,20 However, the application of this cor-
relation to a population above middle-age is specula-

tive, because Paterson et al,21 in their study of adults 
over 55 years, showed that the widely used equation 
220 - age rather underestimates HRmax, while age in 
that study explained only 20-23% of the variance.

We also evaluated ventilatory efficiency (VE/
VCO2) calculated at VAT and found that the lower 
ventilatory efficiency for men was correlated with ad-
vancing age (R2=0.066). Theoretically, ventilatory 
efficiency is the ratio of ventilation and CO2 output 
(VE/VCO2), or simply the amount of ventilation re-
quired to extract one litre of CO2 to the atmosphere, 
and is essentially determined by the ventilation to 
perfusion match in the lungs.1 The estimation of this 
parameter at the VAT is meaningful, because above 
the anaerobic threshold VE/VCO2 stabilizes rapidly, 
due to the minimal effect of physiological stimuli on 
ventilation. Subsequently, VE/VCO2 is affected by 
progressive metabolic acidosis and induced hyper-
ventilation.34 An age-related decline in ventilatory ef-
ficiency has been observed in many studies for both 
sexes.15,29,34 However, in the present study we did not 
find any significant change in VE/VCO2 for women. 
Meanwhile, the VE/VCO2 values for men under 40 
and over 40 years of age (25.4 ± 2.9 and 27.3 ± 3.2, 
respectively; p<0.05) are consistent with currently ac-
cepted reference values for ventilatory efficiency.34

Professional athletes and those striving for re-
sults in sports were not included in the study, because 
their fitness does not reflect physical activity trends 
in the general population. For this reason, in terms 
of cardiorespiratory fitness, our study population was 
rather homogeneous. However, we did not record ac-
curate everyday physical activity habits for each sub-
ject, which could have provided valuable information 
about the reasons for the relatively low cardiorespi-
ratory fitness noted in our population. We can only 
speculate that those reasons are closely linked to the 
insufficient habitual exercise undertaken by Lithua-
nian people, since approximately 70% of adults living 
in rural areas in Lithuania are classified as having low 
leisure-time physical exercise, i.e. less than 30 min-
utes of exercise 4 times a week,35 whereas the extent 
of physical inactivity among 50-year-old persons liv-
ing in Vilnius is approximately 75%, with an obvious 
trend towards further reduction in physical activity 
levels in later life.36

In conclusion, this study provides main cardio-
respiratory fitness parameters for a healthy Lithu-
anian population aged from 20 to 60 years, based on 
the results of cardiopulmonary exercise testing. Re-
ferring to the ACSM14 normative values, our results 
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confirm that aerobic fitness parameters for adults liv-
ing in Lithuania are below average. Due to the rela-
tively small number of subjects included in this study, 
it is difficult to draw conclusions concerning the en-
tire Lithuanian population; therefore, it would be ad-
visable to conduct a study on a much larger scale, in-
cluding a wider range of ages, geographical residence, 
physical activity, and social factors, all of which may 
contribute to cardiorespiratory fitness. Exercise test-
ing laboratories in Lithuania may use these results in 
clinical practice when evaluating patients’ exercise ca-
pacity, and as a tool for promoting physical activity in 
the general public.
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