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Abstract

Study aim: To asses and compare the aerobic capacity and respiratory parameters in recreational basketball-engaged university 
students with age-matched untrained young adults. 
Material and methods: A total of 30 subjects were selected to took part in the study based on recreational-basketball activ-
ity level and were assigned to a basketball (BG: n = 15, age 22.86 ± 1.35 yrs., body height 185.07 ± 5.95 cm, body weight 
81.21  ±  6.15  kg) and untrained group (UG: n = 15, age 22.60 ± 1.50 yrs., body height 181.53 ± 6.11 cm, body weight 
76.89 ± 7.30 kg). Inspiratory vital capacity (IVC), forced expiration volume (FEV1), FEV1/IVC ratio, maximal oxygen con-
sumption (VO2max), ventilatory threshold (VO2VT) and time to exhaustion, were measured in all subjects. Student T-test for 
independent Sample and Cohen’s d as the measure of the effect size were calculated. 
Results: Recreational basketball-engaged students (EG) reached significantly greater IVC (t = 7.240, p < 0.001, d = 1.854), 
FEV1 (t = 10.852, p < 0.001, d = 2.834), FEV1/IVC ratio (t = 6.370, p < 0.001, d = 3.920), maximal oxygen consumption 
(t = 9.039, p < 0.001, d = 3.310), ventilatory threshold (t = 9.859, p < 0.001, d = 3.607) and time to exhaustion (t = 12.361, 
p < 0.001, d = 4.515) compared to UG. 
Conclusions: Long-term exposure to recreational basketball leads to adaptive changes in aerobic and respiratory parameters in 
male university students.
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Introduction

A number of epidemiological and clinical research in 
last decades have been using lung function parameters as 
health indicators, with many studies showing the associa-
tion of hindered respiratory function with mortality risk, 
and cardiorespiratory outcomes and health related quality 
of life [22, 26, 30]. In addition, it has been recently proved 
that even slight lung function abnormalities, within refer-
ence values, are correlated with similar decreases in vari-
ous health outcomes [15]. Hindered respiratory function 
is associated with diminished ventilation and aerobic ca-
pacity and reported to affect many other physiological 

processes in the body [33]. While the key factors and bio-
logical background of this downregulated lung parameters 
remain to be elucidated, a number of population-based in-
vestigations recently indicate that a substantial percentage 
of the general adult population is characterized with hin-
dered lung function parameters, distinguished by dimin-
ished both forced expiratory volume in 1 s (FEV1) vital 
capacity (IVC) levels [22, 42].

Maximal oxygen uptake (VO2max), the highest amount 
of  oxygen  utilization during large muscle groups near-
maximal load, for decades has been considered criterion 
measure for aerobic capacity. It has been correlated with 
enhanced cardiac-events risk [38], with low Vo2max repeat-
edly reported as a  substantial risk factor for diseases as 
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malignancy and diabetes [37]. Finally, hindered VO2max 
is independently related to several-fold increases in car-
diovascular diseases [3] or all-cause mortality [53, 63]. 
There is a growing recognition of the value of anaerobic 
threshold (onset of ventilation nonlinear increase during 
incremental exercise) as another reliable index of aerobic 
capacity, with oxygen uptake at anaerobic threshold found 
to reflect the ability to sustain prolonged submaximal ex-
ercise better than maximal oxygen uptake [7]. Previous 
studies have found that oxygen uptake at anaerobic thresh-
old was inversely associated with hypertension, cardiovas-
cular, and all-cause mortality in adults [34, 35], suggesting 
its use as health-related index.

With a purpose to establish efficient preventive strate-
gies for lung disease and health risks related to low aero-
bic capacity, elucidating parameters that influence lung 
function and aerobic capacity is of great importance. The 
proofs are emerging relating respiratory parameters level 
to distinct lifestyle characteristics like physical activity 
and physical fitness [24, 45], with even low-intensity exer-
cise in the general population found to impact respiratory 
indices leading to higher FEV1 and IVC [19]. In addition, 
exercise has been known for decades as a potent toll for 
aerobic fitness improvements, with high – intensity inter-
mittent exercise likely superior than traditional endurance 
training [39]. While high – intensity intermittent exercise 
can be applied through running, swimming, biking etc., 
this specific type of exercise can also be obtained through 
sport games-related training sessions. Indeed, participa-
tion in basketball-related activities has been reported to 
produce high-intensity interval physiological response 
with concomitant positive changes in motivation and an 
increased frequency of social interactions, contributing to 
high adherence rate and maintenance of an active lifestyle 
[10]. Consequently, basketball could be look upon as a po-
tential solution to improve respiratory patterns and aerobic 
endurance [28].

Investigations have proved that intermittent high-in-
tensity exercise [28, 43, 46, 68] and long-term moderate-
intensity exercise [25, 28] induce inspiratory muscles fa-
tigue, consequently leading to adaptation and increased 
performance of taxed systems. Basketball is recognized 
as an intermittent, high-intensity sport with numerous 
multidirectional high intensity movement performed 
at a different pace. In addition, basketball players were 
found to cover around 5000–6000 m during game play-
ing time [61], implying that both the aerobic and anaero-
bic energy provision pathways are heavily taxed [52]. 
Indeed, during basketball related activities (training and 
games), participants frequently reach submaximal and 
near-maximal levels of both oxygen consumption and 
ventilation [54]. Top and regional-level basketball is 
saturated with frequent movement pattern and intensity 

changes [1], both shown to reach high levels of heart 
rates (HRs) [11, 47]. Recreational basketball, character-
ized by 3–5 players per side playing half court all full 
court and with significantly less formal structure and 
games rules enforcement (playing time; three, eight and 
twenty-four second rules etc.) has also been proved to be 
highly intensive. Indeed, both half court and full court 
recreational basketball are characterized by an intermit-
tent activity profile with high mean heart rate (over 80% 
of Hrmax) and are bioenergetically enabled through large-
scale utilization of anaerobic and aerobic metabolism 
pathways [57, 62]. Significant improvements in broad-
spectrum health benefits including cardiopulmonary fit-
ness are likely outcome.

Sports science aspects of college, professional and 
youth basketball has been subjected to significant scien-
tific attention in the past [72]. Interestingly, recreational 
basketball, with its theoretically well-grounded health-
enhancing context has been addressed scarcely, with 
hardly any information available related to recreational 
basketball played by young male individuals. University 
student population is especially interesting in this context, 
as it has been shown that enrolling university is strong de-
terminant of steep decline in physical activity and physi-
cal fitness [36, 60], with consequently increased health 
risks. Furthermore, basketball is frequently a  preferred 
type of physical activity for university students, associ-
ated with improved social and psychological health [2]. 
However, it remains elusive if basketball game activities 
on a  regular bases per se, without incorporating other 
training stimuluses regularly seen in basketball clubs and 
basketball academies (strength & conditioning practices, 
individual practices etc.), could improve various health 
outcomes. 

For all we know, few studies elaborated the topic 
(62, 31) with just one study examined full court rec-
reational basketball training and health outcomes and 
found that three months of training improved overall 
health profile including maximum oxygen uptake and 
physical strain during submaximal exercise in untrained 
men [57]. Further investigations seem warranted. Based 
on the aforementioned, it is reasonable to assume that 
long-term practicing basketball-game activities could 
extensively stress cardiorespiratory system inducing 
increased strength and/or endurance or changes in its 
structural properties.

This research aim was to asses and compare the aero-
bic capacity and respiratory parameters in recreational – 
basketball engaged students with age-matched untrained 
young healthy adults. We hypothesized that long term 
recreational basketball practice would be reflected with 
higher aerobic endurance and respiratory parameters in 
engaged students than sedentary age-matched controls. 
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Materials and methods 

Participants
This study presents a cross-sectional design with a sin-

gle measurement in two groups. One hundred and twenty 
male participants were recruited for the study, with sixty 
recreational basketball-engaged and sixty untrained stu-
dents (University of Novi Sad). The recreational basket-
ball-engaged students were recruited through the Univer-
sity Sport Association of Novi Sad. Concisely, association 
forwarded a public call for our study and obliged all teams 
in University basketball league to participate (nine teams 
in total). In addition, first 60 players with online signed 
preliminary consent form were selected to participate in 
introductory lecture. An introductory lecture was organ-
ized at association facility, with benefits of physical ac-
tivity for health in general, study objectives and measure-
ments procedures presented to potential study-participants. 
Also, they were introduced to inclusion criteria for the 
study, which had to be met: 1. Participating in recreation-
al basketball (Faculty’s teams participating in university 
league organized by university student association) for at 
least 2 years; 2. Not participating in any form of organ-
ized training and competition previously; 3. Involved ex-
clusively in 2–3 full court basketball training sessions per 
week (75–90 min per session), including weekend game 
(one referee, 4*12 minutes without stopping clock while 
the play is not active); 4. Apparently healthy – not suf-
fering from any acute or chronic disease. Forty-five in-
terested were excluded based on inclusion criteria, with 
15 left allocated to basketball group (BG: n = 15, age 
22.86  ±  1.35  yrs., body height 185.07 ± 5.95 cm, body 
weight 81.21 ± 6.15 kg). 

Sixty untrained students were recruited through Uni-
versity of Novi Sad Student association. Concisely, uni-
versity students were approached face-to-face, by social 
media (Instagram, Facebook) or telephone and were in-
vited for an introductory lecture. In addition, first 60 stu-
dents with online signed preliminary consent form were 
selected for an introductory lecture. It was organized in an 
amphitheater at the Faculty of Sport and Physical Educa-
tion, University of Novi Sad, explaining student’s lifestyle 
health issues in general. In addition, sedentary behavior 
and physical fitness and their relation with myriad of ad-
verse health effects was underlined. Finally, participants 
were invited to enroll the study, but only those which met 
inclusion criteria of being nonsmokers, sedentary in previ-
ous 24 months at least and had not participated in organ-
ized sport training previously in life. Twenty-five partici-
pants met inclusion criteria, and 15 of them were randomly 
selected and allocated to untrained group (CG: n =15, age 
22.60 ± 1.50 yrs., body height 181.53 ± 6.11 cm, body 
weight 76.89 ± 7.30 kg)

A questionnaire related to history of injuries was com-
pleted by each participant prior to selection of eligible in-
dividuals for the sample. All participants provided a signed 
informed consent (participants’ anonymity and confidenti-
ality was assured). The study was conducted according to 
the Helsinki declaration and ethical approval was obtained 
from ethics committee of University of Novi Sad, Serbia 
(Ref. No. 44-01-02/2018-1). Students received an aca-
demic reward for having participated in the study.

Measurements protocol
To evaluate the potential cardiovascular and lung pat-

terns adaptations induced by regular recreational bas-
ketball activity, participants attended early-morning 
(7.00–9.00) respiratory and cardiopulmonary testing ses-
sion respectively, after an overnight fast (>8 h) and with-
out any strenuous exercise 2 days preceding testing. All 
measurements were performed in a laboratory setting with 
the same instruments and techniques. Standard environ-
mental conditions (18–22°C, 760 mmHg and 30-60% for 
temperature, atmospheric pressure and relative humidity, 
respectively) were provided for every testing procedure. 
Before commencing the testing, weight and height were 
determined for each participant.

Anthropometric parameters
Body weight measurements were performed using 

Omron weight scale BF511 (Omron, Japan) to the nearest 
0.1 kg. Body height was measured to the nearest 0.1 cm 
using a Martin anthropometer (GPM, Switzerland). Body 
Mass Index was calculated by dividing the weight in kilo-
grams (kg) with the height in meters (m) squared (kg/m2). 
All anthropometric parameters were obtained by the same 
person.

Respiratory (pulmonary) functions
Inspiratory vital capacitiy (IVC) and forced expira-

tion volume (FEV1) were measured using SPIROLAB 
III (Medical International Research, Rome, Italy) spirom-
etry. Participants were instructed to inhale the maximum 
volume of air from the point of maximum expiration for 
IVC assessment. For FEV1 assessment subjects were in-
structed to forcibly exhale the air in one second follow-
ing maximal inhalation. Participants were asked to sit 
upright in the chair with the feet positioned firmly on the 
ground. During the test, the assessor put the clip on sub-
ject’s nose to ensure that the expiration and inspiration 
is performed solely using mouth. Testing procedure con-
sisted of 3 attempts and the best result achieved out of 
3 trials was recorded. Between the two maneuvers, 30s 
rest was inserted in order to prevent bronchoconstriction. 
Participants were advised not to eat 2h prior to spirom-
etry assessment in order to obtain high validity of testing 
results.
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Maximal oxygen consumption and Ventilatory 
threshold 

VO2max and ventilatory threshold (VO2 at ventilatory 
threshold) values were obtained by performing cardiop-
ulmonary exercise testing (CPET) on a motorized tread-
mill (t-170, Cosmed, Italy). We used mixing chamber gas 
analyzer and breath by breath analysis technique (Quark 
CPET system manufactured by Cosmed) for determina-
tion of maximal oxygen consumption. Heart rate monitor 
(COSMED Wireless HR Monitor) was also used. The gas 
analyzer was calibrated with reference gas calibration and 
volume transducer was calibrated using a 3-L syringe, both 
according to producer instructions and before each test. 

Three minutes at 8 km/h were allowed for warm up 
purposes and after that, incremental load of 0.5 km/h 
every 30 seconds with 1% inclination was applied until 
volitional fatigue. Maximal oxygen consumption (de-
fined as the average of the two highest single consecutive 
20-s VO2 mean values attained toward the end of the test) 
was recorded. The criteria for attaining maximal oxygen 
consumption included two of the following: volitional 

exhaustion; respiratory exchange ratio equal or greater 
than 1.10; reaching above 90% of the age predicted HRmax 
(220-age); and oxygen uptake remained stable even with 
an increase in intensity [21]. In addition, time to exhaus-
tion (defined as a total time elapsed from the first increase 
in load above 8 km/h until the end of the test) and ven-
tilatory threshold (defined as a  second disproportionate 
increase of the volume of carbon dioxide expired in re-
lation to the volume of oxygen consumption) [70] were 
obtained. 

Statistical analysis
Data was presented as mean and standard deviation. 

Statistical analysis was performed using SPSS for Win-
dows, Version 20.0 (IBM Corp. 20, Armonk, NY). Consid-
ering all data were normally distributed, two sample T-test 
was used. Cohen’s d as the measure of the effect size of the 
mean difference was calculated. A Cohen’s of 0.00–0.19, 
0.20–0.49, 0.50–0.79 and ≥0.80 was considered as trivial, 
small, moderate, and large, respectively [12]. Two-sided 
p < 0.05 was considered statistically significant. 

Variables Basketball (n = 15) Untrained (n = 15) t p
Body height [cm] 185.07 ± 5.95 181.53 ± 6.11 1.603 0.120
Body weight [kg] 76.89 ± 7.30 76.12 ± 6.49 0.306 0.762
Age [yrs] 22.86 ± 1.35 22.60 ± 1.50 0.510 0.614
BMI [kg/m2] 22.40 ± 1.04 23.10 ± 1.66 –1.377 0.179

Table 1.  Descriptive statistics of participants

1 Data are presented as mean ± standard deviation; BMI – body mass index.

Figure 1.  Respiratory parameters for basketball and untrained groups: IVC – inspiratory vital capacity; FEV1 – forced 
expiration volume; FEV1/IVC– forced expiratory volume in 1 s (FEV1)/ Inspiratory vital capacity (IVC) ratio
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Results

Anthropometric characteristics of the participants are 
presented as mean ± SD (table 1). Non – significant dif-
ference in age, body weight, body mass index (BMI) and 
body height between groups (p > 0.05) was recorded.

Recreational basketball players (BG) reached signifi-
cantly greater IVC values than the untrained (p = 0.001), 
with large effect size (d = 1.854). Additionally, BG dem-
onstrated significantly higher FEV1 values (p < 0.001) 
with large effect size (d = 2.837) compared to unrained. 
Moreover, FEV1/IVC ratio was significantly (p < 0.001) 
higher with large effect size (d = 3.920) in BG compared 
to the UG (Figure 1).

BG attained higher maximal oxygen consumption 
values in comparison to untrained (p < 0.001), with large 
effect size (d = 3.310). Moreover, ventilatory thresh-
old (VO2 AT) significantly differ among the investigated 
groups (p < 0.001), with large effect size (d = 3.607). Fi-
nally, time to exhaustion was significantly higher in BG 
than in the untrained group (p < 0.001), with large effect 
size (d = 4.515) (Figure 2).

Discussion

It is well recognized that continuous exercise partici-
pation can substantially improve one’s health-outcomes 
and that monitored exercise programs may effectively be 
utilized for prevention and treatment of lifestyle diseases. 
In addition, traditional exercise prescription and imple-
mentation are frequently shown to produce high dropout 

rate [49] with new lifestyle diseases-strategies needed. 
These strategies should be aimed to identify programs 
with long-lasting participant motivation, enabling them 
to prevail active and consequently produce a worthwhile 
lifestyle change with extended physiological adaptations. 
The major outcomes of our study were that young male 
adults engaged in long term recreational-basketball poses 
significantly higher aerobic capacity indices, maximal ox-
ygen uptake and ventilatory threshold than age-matched 
sedentary controls. In addition, significantly higher time 
to exhaustion reported indicate increased physical per-
formance of subjects in basketball group. Furthermore, 
they also exhibit better inspiratory vital capacity (IVC), 
forced expiratory volume in 1s (FEV1) and FEV1/IVC ra-
tio than sedentary counterparts. Previously, it has been re-
ported that recreational basketball can improve maximum 
oxygen uptake in both untrained young females [18] and 
male university students [56]. In line with these findings, 
we showed that male adults recreationally engaged in bas-
ketball activity solely, poses significantly higher levels of 
aerobic capacity but also respiratory patterns than seden-
tary counterparts and consequently better health profile.

Maximal oxygen consumption found in our study was 
~49 ml  · kg–1 · min–1 and ~42 ml  · kg–1 · min–1 for bas-
ketball and untrained group, respectively. A large Norwe-
gian study [40] investigated maximal oxygen consump-
tion in various age groups and reported values of around 
54 ml  ·  kg–1 · min–1 in 20 to 29 years men, while other 
studies revealed maximal oxygen uptake values more in 
line with our study findings. For example, mean maximal 
oxygen uptake was estimated at 44.5 ml  ·  kg–1 · min–1 
for US men 20–29 years of age [69], while another study 
[29] reported average maximal oxygen consumption of 

Figure 2.  Aerobic fitness parameters for basketball and untrained groups: VO2max – maximal oxygen uptake; VO2 AT – oxygen 
uptake at anaerobic threshold; Time to Exhaustion – total time of the test
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48  ml  ·  kg–1 · min–1 in 20–29 years old cohort. Finally, 
average VO2max of 42.3 ml · kg–1 · min–1 in 20–29 years 
old Korean men, similar to our study findings for controls, 
was recently reported [69]. Noteworthy, maximal oxygen 
consumption was estimated and not directly measured, 
which could bias this study findings. Thus, our untrained 
group had below average values for corresponding popu-
lation worldwide, troublesome fact considering reduced 
VO2max are regularly being related to increased cardiovas-
cular and all-cause mortality risk. On the other hand, the 
basketball group showed significantly better VO2max than 
the untrained group, with results in line or close to one’s 
highest average recorded worldwide. It has been previous-
ly reported that 3.5 ml · kg–1 · min–1 improvements corre-
lates with 13% reductions in all-cause mortality and 15% 
reductions in CVD/coronary heart disease [32]. In addi-
tion, each 5 ml  · kg–1 · min–1 improvements were found 
to decrease odds of cardiovascular risk factor clustering 
for 56% [5]. Ventilatory threshold has been used in sport 
science for decades to optimize training intensity, monitor 
training progress and as the best physiological predictor of 
endurance running performance [7, 55]. However, studies 
relating ventilatory threshold and various health outcomes 
are scarce, most frequently this parameter being used to 
clinically assess patient physiological function/dysfunc-
tion: heart failure, diabetes, peripheral artery disease, 
ageing [55]. Recently, strong linear and inverse associa-
tions of VO2 at VT (mean value 23.72 ± 6.10 ml · kg–1 · 
min–1) with fatal cardiovascular and all-cause mortality 
outcomes in a general population has been shown [34]. In 
addition, VO2 at VT (mean (median) = 32.1 (26.8–36.6) 
ml · kg–1 · min–1) was proved to have significant inverse 
relationship with arterial stiffness in adolescent boys, 
though magnitude of the associations is lower than that of 
maximal oxygen uptake [23]. Higher arterial stiffness in 
adults has been related to higher cardiovascular morbidity 
and mortality irrespective of well-known risk factors such 
as insulin resistance, hypertension, obesity and hyperlipi-
demia, [67]. We found oxygen uptake at ventilatory thresh-
old to be ~43 ml · kg–1 · min–1 and ~32 ml · kg–1 · min–1 

for basketball and control group, respectively. These are 
higher values then reported in [34] study and similar to 
results presented by [23], if the control group only is con-
sidered. The basketball group, in addition, is characterized 
by a  much higher level of anaerobic threshold in com-
parison to both aforementioned studies. It is reasonable to 
ascribe those differences to the age and physical activity 
differences between studies, since [34] used middle aged 
males as subjects (42–61years), while [23] used healthy, 
untrained adolescents. Supporting our reasoning, it has 
been found that ventilatory threshold is more responsive to 
training than maximal oxygen consumption [41]. Taken all 
together, we can arguably assume that long term participa-
tion in recreational basketball seems to produce favorable 

aerobic capacity indices and consequently positively af-
fects health status. We can speculate that engagement in 
regular basketball activity was most likely responsible for 
higher aerobic and lung parameter’s levels in basketball 
group than controls. Indeed, basketball – specific activity 
pattern substantially tax aerobic capacity in order to sus-
tain frequent bouts of high-intensity exercise [8], as phos-
phocreatine restoration aerobic energy system-dependent. 
In addition, VO2max is significantly correlated to end-game 
repeated sprint test results, indicating its increasing im-
portance during the final stage of the match [48]. Aerobic 
energy system is responsible for providing energy for all 
low-intensity movements during game, reported to rep-
resent around 65% of game active time [47]. Moreover, 
extensive utilization of aerobic metabolism during basket-
ball was reported [54], with VO2max significantly corre-
lated to average oxygen consumption (r = 0.673; p < 0.05) 
and the active time spent during play (r = 0.962; p < 0.05). 
All the aforementioned indicate the importance of well-
developed aerobic capacity in professional basketball as 
well as high aerobic demand during basketball games and 
practices which is likely responsible for high aerobic ca-
pacity of basketball-oriented participants in comparison to 
sedentary people found in our study.

Values of respiratory parameters found in our study are 
similar to ones obtained in a sample of professional team 
sport athletes. For example, one study reported VC, FEV1 
and FEV1/VC ratio to be 5.37 L, 4.59 L and 85.9%, re-
spectively in professional soccer players, almost identical 
to 6.01L, 5L and 83% obtained in a  sample of 115 team 
sport athletes, including basketball players [16]. In addi-
tion, professional basketball players were reported to have 
VC of 5.8 L, FEV1 of 4.9L and FEV1/VC of 84.9% in [17] 
study, while another study [44] found basketball players to 
have 6.5 L, 5.48 L and 85.3% for VC, FEV1 and FEV1/
VC, respectively. It should be noted that in the second study 
basketball players were attributed with dominant physique 
(body height of over 200  cm and body weight of over 
91 kg) which largely explain very high VC and FEV1 val-
ues. To the best of our knowledge, there are no reported data 
for recreational-basketball participants, so we consider our 
study findings an important addition to existing knowledge 
about the topic. Respiratory function is largely dependent 
on several non-modifiable factors such as hereditary  pat-
tern and ethnic background [64]. One’s efficient breathing 
capacity has been proved to rely on other factors such as 
rib cage-width and strength of the respiratory muscles [64]. 
However, lung volumes of athletes greater than their seden-
tary counterparts has been repeatedly noted [4, 44] suggest-
ing that regular exercise is determinant of lung function. 
For example, inspiratory muscle training performed at fixed 
resistance and ventilation rates comparable to ones obtained 
while conducting high intensity exercise [13], have been 
found to increase inspiratory muscle strength from 7–41% 
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[49]. Numerous interventional investigations have also pre-
sented exercise-driven increases in pulmonary functions 
[57, 65]. It has been theorized that heavy exercise-induced 
hyperventilation could induce airway smooth muscle tone 
and contractility reductions consequently leading to a de-
creased airway resistance and increased flow rates [59]. 
Repetitive smooth muscle elongation as a consequence of 
exercise – induced heavy breathing pattern is also hypoth-
esized to reduce airway resistance. Taken all together, ex-
ercise training improves respiratory muscles strength and 
endurance, causes reduction in pulmonary resistance and in-
creases lung elasticity. Therefore, well designed and regular 
exercise may be considered one of the most effective strate-
gies one can do for oneself in prevention/treatment of res-
piratory conditions. Considering that even a small amount 
of high-intensity interval training was proved potent to de-
velop maximal oxygen consumption [71] and lung function 
[14] it is plausible that intermittent activity – pattern during 
recreational basketball is “above threshold” intensity stimu-
lus for lung parameters improvements, as we observed.

Our study findings are mostly in line with previously 
published interventional studies elaborating the influence 
of recreational – team sport engagement on various health 
– related outcomes in sedentary population. Indeed, previ-
ous team sport-studies, performed as small-sided games 
or full court game-like practices, have generally shown 
marked beneficial health effects in training-naive men and 
women [6]. For example, 12 weeks of soccer training [51] 
was found to produce significant increases in VO2max rela-
tive to body weight (24.2%, ES = 1.20), with additional 
jump performance and flexibility beneficial effects in 
healthy untrained men (n = 20, 34 ± 4 years, 78.1 ± 8.3 kg, 
179 ± 4 cm). Similar 12-week study results present sig-
nificant improvements in maximal oxygen consumption in 
obese untrained adolescents conducting recreational soc-
cer program consisting of 60-min sessions performed 3 
times/week [65]. In addition, Randers et al. [57] showed 
that 12 weeks of recreational basketball significantly in-
creased VO2max (2.4 ml · kg–1 · min–1), time to exhaustion 
(47 s), lean body mass (0.8 kg), and bone mineral density 
(0.021 g/cm2) in healthy untrained men aged (28.4 ± 7.0 
years). Conducting recreational team handball training 
during 12 weeks has been shown to impose significant 
positive effects on physical performance and fitness at-
tributes in untrained young women [27], although no im-
provements was observed for VO2peak, a  major lifestyle 
diseases-preventing parameter [9].

Despite the benefits observed, the study has several lim-
itations. Firstly, a small sample size for both experimental 
and control group present important drawback in interpret-
ing study results. Secondly, only young male participants 
were investigated with no females included. Thirdly, we 
compared recreational basketball with sedentary controls, 
while other conventional training programs could also be 

included. Studies to come should discuss the effects of rec-
reational basketball in comparison to other conventional 
training programs such as running, concurrent training, 
gym-based cardio etc. Finally, further research is required 
to determine volume and frequency of recreational basket-
ball suitable for long-term health benefits.

Conclusions

In conclusion, our results have indicated that chron-
ic exposure to recreational basketball leads to adaptive 
changes in respiratory patterns (IVC and FEV1) and aero-
bic capacity (maximal oxygen consumption) in young 
male adults (university students). It seems that recreation-
al basketball should be viewed as a part of future health 
enhancing strategies for this specific population. It will be 
interesting to observe future studies exploring same issues 
on different population groups as well as future interven-
tional studies exploring relations of frequency and volume 
of recreational basketball and health-outcomes.
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