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Abstract

Background. Cardiorespiratory fitness (CRF) is a key health indicator, particularly for physiotherapy students who

are expected to model healthy behaviors.

Objectives. The objective of the study was to analyze CRF trends among physiotherapy students over the period from
2007 to 2023 and to assess variations in maximal oxygen uptake (VO,max) across gender and body mass index (BMI)

categories.

Materials and Methods. Secondary data from 2007-2009 and 2010-2012 were compared with primary data collected
in 2022-2023. CRF was measured using a submaximal Monark Ergomedic 839E cycle ergometer test in 242 students
(aged 18-25 years). Statistical analyses included t-tests, ANOVA, and non-parametric tests (p < 0.05). The Kruskal-
Wallis test was used for between-group comparisons and Spearman’s correlation — to assess trends over time.
Results. Over half of male (52%) and female (63%) participants had CRF levels below the reference

values. Female students showed a significant VO,max decline in 2022-2023 compared to 2007-2009

(mean difference = 1.78 ml/min/kg, p < 0.05), while no trend was observed in males. Students with BMI > 25 kg/m?
had significantly lower VO,max than those with BMI < 25 kg/m” (p < 0.05).

Conclusions. These findings highlight the need for targeted fitness programs for female students and those with
elevated BMI. Future research should explore lifestyle factors and intervention strategies to improve CRF in students.
This study provides foundational data for future research on the relationship between CRE, clinical skills, and patient

satisfaction among physiotherapy students.

Keywords: cardiorespiratory fitness, maximal oxygen uptake, physiotherapy students, submaximal cycle ergometer test.

Introduction

The understanding of good health practices and the
development of skills required to maintain physical fitness
are becoming increasingly important in modern society due
to their strong connection with self-realization and overall
well-being (Alparslan et al., 2024; Klussman et al., 2021;
Wong et al., 2021). Cardiorespiratory fitness (CRF) is widely
recognized as a crucial determinant of general health and
physical work capacity (Raghuveer et al., 2020). CRF refers
to the capacity of the circulatory and respiratory systems
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to supply oxygen during sustained physical activity (PA)
(Raghuveer et al., 2020) and is commonly measured using
maximal oxygen uptake (VO, max). This metric serves as
a measure of the functional capacity of both the respiratory
and cardiovascular systems. It encompasses several
processes, including ventilation, perfusion, gas exchange,
vasodilation, and oxygen delivery to body tissues. As an
integrated physiological trait, CRF reflects the coordinated
function of various body systems to support muscle activity
during prolonged, rhythmic, and large muscle group-
involving physical exertion (Harber et al., 2017). CRF is a
key marker of physical health, associated with a reduced risk
of chronic diseases and lower mortality rates (Lang et al.,
2024). A lack of PA contributes to the deterioration of health
across multiple bodily systems (Fernstrom et al., 2017; Isath
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et al., 2023), increasing cardiovascular risk factors such
as elevated body mass index (BMI), fat percentage, and
blood pressure (Chaabna et al., 2022). Low CREF levels have
been linked to an elevated risk of coronary heart disease
and mortality (Salier Eriksson et al., 2021). Moreover, it
serves as a predictor of well-being and longevity. Despite
its importance, studies highlight that many individuals,
particularly students, demonstrate poor CRF levels (Ali et
al., 2020; Sovova et al., 2020).

Healthcare professionals are strongly encouraged to
improve their CRE, as those who enhance their own fitness
levels are better positioned to guide others on maintaining
physical fitness (Mandsager et al., 2018). Students enrolled
in health programs have opportunities to explore the
scientific foundations of maintaining an active lifestyle
(Ali et al., 2021), fostering self-management skills essential
for sustaining fitness (Garcia-Sudrez et al., 2022). For
physiotherapists, maintaining optimal CRF is critical, as
physical fitness not only reduces the risk of injury but also
enhances work efficiency within healthcare professions (Al-
Khlaifat et al., 2024; Tislar et al., 2022). Beyond meeting the
physical demands of their roles, CRF enables physiotherapists
to serve as role models for a healthy lifestyle to their patients
(Maldonado-Alicea et al., 2024). A study conducted in
Poland suggests that improvements in the physical fitness
of physiotherapy students may be associated with greater
awareness of job requirements and prevailing fitness trends
(Lewandowski et al., 2020). Emphasizing health- and skill-
related physical fitness among physiotherapy students
benefits both their personal health and injury prevention
while ensuring their long-term ability to meet professional
demands (Al-Khlaifat et al., 2024).

Maintaining adequate CRF is vital for these future
professionals to safeguard their well-being, prevent
occupational injuries, and provide effective patient care. This
study differs from previous research by specifically examining
the longitudinal trends in CRF among physiotherapy
students over a 15-year period, offering a unique perspective
on how fitness levels have evolved within this population.
The objective of the study was to analyze CRF trends among
physiotherapy students over the period from 2007 to 2023
and to assess variations in VO, max across gender and BMI
categories.

Materials and Methods

This study used a repeated cross-sectional research
design to assess the CRF of physiotherapy students. This
design was chosen because it allows for the comparison of
different cohorts over time using consistent methodology,
enabling the identification of population-level trends in
cardiorespiratory fitness without the need to follow the same
individuals longitudinally.

Participants and Ethics

The study included first- and second-year students
in Latvia (n = 263 (41 male)), enrolled in a four-year
“Physiotherapy” bachelor’s study program at university. The
open method was used to select the sample. All students of
physiotherapy programs were invited to participate in the
study. The sample group included physiotherapy students

who were in the first years of their studies and had learnt
strategies for evaluating and developing CRF as part of their
study program. One set of measurements was taken for
each student. Second-year students who had already been
tested in the previous year were excluded from testing in
their second year. Inclusion criteria included both male
and female physiotherapy programs students aged 18-25
years old who have no contraindications to participate in
PA and agreed to participate in the study. Exclusion criteria
were also defined. According to these criteria, students
who had experienced an acute illness within the last month
and who used medication that can affect cardiorespiratory
function were excluded due to possible the effects of these
factors on the measurement data. Pregnant women were
also excluded due to possible medical complications, as the
tests predict an increased physical load. Top-level athletes
participated in the test as part of their education program,
but their data were not included in this study as their aerobic
capacity should be viewed in the context of the specifics of
their sport and does not correspond to average indicators.
The study compared secondary data available from 2007 to
2012 with data collected in 2022 and 2023. The secondary
data (university data base 2007-2012 on secure servers,
accessible only to authorized research team members
from 1.04.2022. Authors hadn’t access to information that
could identify individual participants) were divided into
three-year periods and analysed to compare these periods
allowing for the examination of valuable insights into long-
term trends in the studied variables. The minimum sample
size was determined to be 157 students through a power
analysis with a 95% confidence level and a 5% margin of
error. The final sample consisted of 242 students, which
exceeds this threshold, ensuring the statistical validity of the
results. Data collection in 2022 and 2023. The participants
recruitment and data collection period lasted from 1 April
2022 and concluding on 1 December 2023. Participation in
the study was voluntary and anonymous, with participants
being informed that their data would be used solely within
the framework of this research. The study was conducted in
accordance with the Declaration of Helsinki and approved
by the Ethics Committee of the Riga Stradins University
(Protocol No. 2-PEK-4/163/2022, 16 March 2022. Prior to
the study, participants provided written informed consent,
ensuring they were aware of the study’s purpose and the
intended use of their data. Also participants provided
informed consent, confirming their eligibility, willingness to
follow instructions, and the right to withdraw from the study
at any time without explanation or penalties. No minors
participated in this study, and all participants were competent
adults who voluntarily consented to partake. Confidentiality
was strictly maintained, all data anonymized and securely
stored to protect participant privacy. Data was encrypted
and stored on secure servers, accessible only to authorized
research team members (Veseta et al., 2023). Authors declare
there are no conflicts of interests, acknowledging all financial
and any other relevant financial or nonfinancial competing
interests.

Procedure

Prior to the study, participants were informed about
CRE, the submaximal test, its procedure, and potential
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contraindications. They were given preparation guidelines,
including consuming the last meal at least 3 hours before
the test, abstaining from smoking for at least 3 hours prior
to the test, avoiding intense PA for 24 hours before the test,
and wearing comfortable sports clothing and footwear. In
cases of participant withdraw, any identifiable data would
be immediately deleted to uphold their privacy rights. To
assess the students’ CRE, participants’ weight and height were
measured at an accuracy of 0.1 kg and 0.5 cm and their BMI
was calculated. The Monark Ergomedic 839E cycle ergometer
submaximal exercise test was used to estimate VO, max data
for the physiotherapy students. This test methodology has
previouslybeen compared with direct VO, max measurements
and has shown the smallest margin of error and the strongest
correlation with direct gas analysis, regardless of participants’
sex, age, fitness level, or of PA frequency (Liepina L. et al,,
2013). Participants’ data, including age, date of birth, gender,
height, and weight, were entered into the Monark Ergomedic
839E cycle ergometer program. A heart rate (HR) belt was
attached to each participant’s chest and transmitted data to
the Monark Software 2.5.

1. The test was performed following these steps:

2. The participant was informed about the test process.

3. The seat height was adjusted.

4. The pedaling speed was set to 60 RPM, and the

participant was instructed to maintain this speed.

5. The test began with a 5-minute warm-up, during

which the participant adjusted to pedaling.

6. Finally, the data transmitted from the HR belt to the

Monark software was checked.

The test consisted of three 4-minute exercise periods,
with stepwise increases in load. Based on the entered data,
the Monark software determined the appropriate test load
and predicted the heart rate range for the test. The software
displayed each load in watts (W) and the recommended
HR range. The next load was automatically applied by
the software, with increments of about 25-50 W between
each test, such that the final HR load reached about 80%
of the maximum HR. Maximum HR was calculated using
the formula: 220 - participant’s age. If the participant’s HR
exceeded the predicted value during the test, the load was
reduced to bring the HR back within the recommended
range. If the HR was too low, the load was increased.

The criteria for discontinuing the test were as follows:

1. An incomplete test;

2. A participant expressed desire to stop participating

in the study;

3. Technical problems occurred during the test.

The Monark software calculated the maximum load the
participant manage with their maximum HR considering
all three loads and the HR at the end of each load, and
calculated the respective maximum oxygen consumption
using the following formula:

3.l0ad (W) - load (W) + 2.load (W)

Wnax (W) = 3 .load (W) + |(max HR* — HR 3.load) *

2
HR 1.load + HR 2.load
HR 3.load — TR +10a0 T HR 2000

2

VO max = Winax (W‘) «12,48 + 217

weight (kg)

VO, max was expressed as body weight in kilograms and
was evaluated according to Shvartz and Reibold’s normative
data (Shvartz & Reibold, 1990).

Following the cycle ergometry test, the data from
participants who did not complete the test or experienced
technical problems during the test were excluded from the
analysis. The test procedure is shown in the flow chart below
(Fig. 1).

Attended the study Did not perform the test (2 men and 4 women)
(41 men and 222 women) - Acute illness within the last month

- Use of medication that affects

cardiorespiratory function
Pregnancy

Performed the exercise test

(39 men and 218 women)

Excluded from analysis (6 men and 9 women)
17 - Did not finish the test
- Technical problems during the test

Data included in analysis Top level athletes in endurance sports
(33 men and 209 women)

Fig. 1. Flow chart of the test procedure

Statistical Analyses

Statistical data analysis was performed using SPSS
Statistics v. 29.0 (IBM Corporation, USA) with the
significance level set at p < 0.05. The analysis included
descriptive statistics for the whole sample and was stratified
by gender in all cases. The results are presented as the
mean value with standard deviation. The Kolmogorov-
Smirnov test was performed to assess the normality of the
distribution of continuous variables. The significance level
for the Kolmogorov-Smirnov test was set at p < 0.05. Due to
the Gaussian distribution, ANOVA tests were used to assess
differencesin height and weight at three-year intervals, as well
as differences in the VO, max of the female students in the
three BMI groups. The Levene’s test for equality of variances
was used to test homogeneity of age, weight, height, BMI and
the VO, max. An independent samples t-test assuming the
equal variances was used to assess differences in age, height,
weight, BMI, and VO, max between the male and female
participants, as well as inequalities in the VO, max values
between males in the normal and elevated BMI groups.
As the distribution of VO, max in the groups stratified by
year of testing was not Gaussian, inequalities in VO, max
within these groups were assessed using the Kruskal-Wallis
test. Associations between the VO, max and age, height,
weight and BMI values were assessed using the Pearson
correlation test for parameters with Gaussian distribution or
the Spearman correlation test for those with non-Gaussian
distribution.

Results

A total of 242 students met the inclusion criteria for the
study, and their data were considered valid for the analysis.
The majority of the study population (89%) were female.
The physical characteristics, as well as the predicted VO,
max, of the males and females participants included in the
study, are presented in Table 1. The Levene’s test for equality
of variances was not significant (p > 0.05), indicating that
the assumption of equal variances was met. Consequently,
a t-test assuming equal variances was used to compare the
variables between males and females.
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Table 1. The physical characteristics and calculated VO, max of the male and female participants.

Males (n = 33)

Females (n = 209)

t-test of sex group differences

Levene’s Test (F, p-value)

M SD M SD (Equal Variances Assumed)

Age (years) 21.1 1.7 21.0 1.4 F=1.538,p=0.216 t=10.295,p=0.768
Height (cm) 181.4 6.3 168.8 5.7 F=1.344,p=0.248 t=11.517,p <0.001
Weight (kg) 75.7 9.4 62.2 9.3 F=0.152,p =0.697 t=7.803, p <0.001
BMI (kg/m?) 23.0 2.4 21.8 3.0 F=1917,p=0.167 t=2.154,p=0.032
VO, max(ml/min/kg) 44.0 6.3 35.2 5.0 F=1.740,p=0.188 t=9.069, p < 0.001
* p of group differences due to independent-samples t-test

There was no difference in age between the two sex 100% -
groups, while the heights, weights and BMIs of the female ° v Evaluation
participants were lower the males. The female participants 16% M Very low
had a 20% lower VO, max than the males (35.2 + 5.0 ml/ 80% - Low
min./kg vs.44.0 £ 6.3 ml/min./kg). 39% Fair

The distribution of VO, max for males had a skewness _ 60% - 43% Moderate
of -0.080 (standard error = 0.49) and a kurtosis of 0.098 5 Good
(standard error = 0.80), and female data had a skewness 38 0% B Verv qood
of 0.114 (standard error = 0.168) and a kurtosis of -0.126 ° 20% v
(standard error = 0.335), indicating a nearly symmetrical i

. g . . . . o o

and slight mesokurtic distribution consistent with normality. 20% 1

The most recent normative data on the VO, max of the 15% 119%
European population, measured using the cycle ergometry 0% L w3 434
test, have been derived from the results of exercise testing Males Females

in the USA, Canada, and seven European countries
(Shvartz & Reibold, 1990). The VO, max values obtained
for the physiotherapy students were classified according to
evaluation classes for their respective age groups (Fig. 2).

In this study, 30% of the male participants and 24%
of the female participants had moderate VO, max values.
Only 18% of the males and 12% of the females had good and
very good VO, max values, while 52% of males and 63% of
females had a lower than average VO, max, with 3% and 4%
of the males and females, respectively, being in the very poor
range (Fig 2 and 3).

To evaluate the differences in the VO, max values of
students who entered the university program directly after
secondary school and those who delayed their entry by a
year or more, all of the students were divided into two age
groups—18-20 and 21-25 years of age. The differences in
the VO, max value were not statistically significant for both
male and female students in these age groups.

To investigate whether there was a change in VO, max
during the study period, the data were divided into 3-year

Table 2. Characteristics of participants in three testing periods.

Fig. 2. Distribution of study population according to the
evaluation of VO, max

time intervals corresponding to when the cycle ergometry
tests were carried out. The characteristics of the participants
in these ranges and the differences between them are detailed
in Table 2.

The VO, max values for three periods were compared
(Fig. 3 and 4). Over the entire testing period from 2007 to
2023, a decline in the VO, max values was observed for both
sexes, but a statistical significance was found only for the
female participants between years 2007-2009 and 2022-2023
(Fig 4 and 5). The proportion of women that had a below-
moderate VO, max in 2007-2009 was 54 %, but in 2022-
2023, this rose to 71 %.

The effect of BMI on the VO, max was determined by
dividing all the students into groups with low (< 18.5 kg/m?),
normal (18.5-24.9 kg/m?), and increased (>24.9 kg/m?) BMIs
(Fig 5 and 6).

2007-2009 2010-2012 2022-2023 P’
M SD M SD M SD
Males n=9 n=12 n=12
Height (cm) 181.2 5.56 180.1 7.6 182.9 5.7 0.562
Weight (kg) 77.3 8.4 74.8 11.4 75.5 8.4 0.827
Females n=76 n=63 n=70
Height (cm) 169.3 6.2 168.9 4.7 168.3 6.1 0.590
Weight (kg) 61.5 7.9 62.1 9.1 62.9 10.8 0.646

* p of differences in measured parameters obtained using One-Way ANOVA test
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Fig. 5. Boxplot of the VO, max of male students in the three BMI
groups (* p < 0.05 of difference between groups according to the
independent samples t-test)

No correlations were observed between the VO, max
calculated for the different age and height groups for both
sexes, but there was a correlation between VO, max and
BMI (r = -0.362 and r = -0.319 for males and females,
respectively, p < 0.05). Students with an increased BMI in
both sex groups presented lower VO, max than those with
a normal BMI. There were no male participants with a low
BMI, and male students with a BMI greater than 25 kg/m?
had a 9.4 ml/min/kg lower VO, max on average than males
with a normal BMI (t;)) = 3.162; p = 0.03). Female students
with an increased BMI had lower VO, max than those with
anormal BMI, as demonstrated by the ANOVA test (F, 506 =
5.019; p = 0.007). The post hoc comparisons using the Tukey
HSD test indicated that the mean VO, max for females with
an increased BMI (M = 32.1, SD = 6.6) was significantly
different from that of those with a normal BMI (M = 35.6,
SD = 4.6).

Discussion

The aim of this study was to investigate trends in CRF
among physiotherapy students across three cohorts (2007-
2009, 2010-2012, and 2022-2023) and assess differences
in VO, max based on gender and BMI categories. The
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Fig. 4. Boxplot of the VO, max of female participants according

to the testing year (* p < 0.05 vs year 2007-2009 according to
the independent samples Kruskal-Wallis test)
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Fig. 6. Boxplot of the VO, max of female students in the three
BMI groups (* p < 0.05 of difference between groups according to
the one-way ANOVA with the Tukey post hoc test)

findings provide important insights into the fitness levels of
physiotherapy students, particularly in light of their future
roles in healthcare. Given that physiotherapists are expected
to be role models for healthy living, understanding their
CREF levels is essential not only for their personal health but
also for their professional credibility in promoting healthy
lifestyles. Moreover, the results shed light on potential
impacts of the COVID-19 pandemic on students’ fitness,
with implications for long-term public health outcomes.

The results of this study show that the mean VO, max
of the male participants in this study is similar to the
Latvian data recorded for individuals who are engaged in
high-intensity dynamic and medium-high-intensity static
exercise for 300 minutes a week or more and participate in
competitions, but is higher than that for those who train for
less than 300 minutes a week (Rozenstoka & Erglis, 2020).
The mean VO, max of the females participants in this study
was between that of both groups in the Latvian study. This
study included participants who do not compete in sports
competitions; thus, the summary data may be lower than
those for the athletes participating in the Latvian study.

The VO, max of students of both sexes was similar to
the data published for Lithuania (Grigalitiniené et al., 2013),
Germany (Rapp et al., 2018), and the USA (Kaminsky et al.,
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Table 3. Comparison of VO, max levels between physiotherapy data and other values from Latvia and other countries.

VO, max (ml/min./kg)
Man Woman

M SD M SD
Physiotherapy students in the current study 44.0 6.3 35.2 5.0
Latvia (Rozenstoka & Erglis, 2020)
training < 300 min. per week 37.6 7.1 314 5.0
training > 300 min. per week 444 7.0 37.6 6.0
Lithuania (Grigalitniené et al., 2013) 40.4 5.77 34.7 6.8
Norway (Loe et al., 2013) 54.4 8.4 43.0 7.7
Germany (Rapp et al., 2018) (35-45)* (29-38)*
Switzerland (Wagner et al., 2021) 46.6 7.9 39.3 6.5
Greece (Triantafyllidi et al., 2021) 37 (34-40)? 30 5
The Netherlands and Belgium (van der Steeg & Takken, 2021) 47.7 6.5 39.5 8.8
USA - FRIEND update (Kaminsky et al., 2022) 45.1 13.3 32.0 10.6

a Median (25-75% CI)

2022). The data for the USA (Kaminsky et al., 2022) are an
update to normative values recommended by the American
College of Sports Medicine for the cycle ergometer CRF test
(Kaminsky et al., 2017). In this study, the VO, max for both
sexes was higher than that in a study performed in Greece
(Triantafyllidi et al., 2021), but lower than what was found
in the populations of the Netherlands and Belgium (van der
Steeg & Takken, 2021) and that of Norway in the Nord-
Trendelag study (Loe et al., 2013). The data for the male
participants in this study were similar to those recorded
for Switzerland, but the females in this study had a lower
VO, max (Table 3). Based on the other countries’ data, it
seems that the students tested in this study fit into the young
adult population results of Europe and North America, but
there is still work to be carried out to reach more advanced
countries’ data.

Compared with the normative data of Shvartz and
Reibold (Shvartz & Reibold, 1990), which is derived from
the directly measured VO, max in the USA, Canada and
7 European countries, the relative VO, max estimate in
this study was lower, especially in females, where 63% of
the tested participants had lower than average VO, max
According to the data, increased PA levels in students should
be promoted to raise CRF for future specialists, who should
be able to recommend PA for their clients.

VO, max is highest at a young age and decreases
with age. In a longitudinal study carried out in Germany,
VO, max was found to decrease by about 5 ml/min/kg each
decade (Bahls et al., 2021). In a cross-sectional study in
Switzerland, VO, max was highest in 20-29 year-olds and
reduced by 10% for each subsequent decade (Wagner et al.,
2021). Similar data can be found in the other studies which
involve participants of different ages (Kaminsky et al., 2022;
van der Steeg & Takken, 2021; Wagner et al.,, 2021). Thus,
young adults who have a current VO, max below the average
level are at a greater risk of an increased risk of morbidity
and mortality from cardiovascular and other causes (Isath
et al,, 2023; Taylor et al., 2021). Despite genetics significantly
contributing to VO, max (Schutte et al., 2016) and its

trainability (Williams et al., 2017), those who are more active
have higher values for both relative and absolute VO, max
(Tangen et al., 2022). The frequency of exercise per week
has an impact on mean VO, max it is significantly higher
when exercising two or more times per week regardless of
the exercise being carried out (Sovovd et al., 2020). High-
intensity interval running (HIIT-R) and high-intensity
functional training (HIFT) lead to similar improvements
in VO, max (17.1% £ 5.6 % and 12.7 % * 6.7 %, respectively,
p > 0.05) (Lu et al,, 2021). Further recommendations after
the determination of aerobic capacity could help in guiding
students towards PA and exercise at university and sports
clubs in their city.

The relative VO, max did not differ for the students
who entered university immediately after secondary school
compared to those who took one or two years off. This
indicates that the school physical education program has a
small or no impact on the VO, max of future students, and
the results most likely depend on extracurricular activities
which do not change following secondary school. The review
of studies showed that the level of PA in university students
in general is satisfactory, but this depends on the cultural
differences and educational program in a particular country
(Kljajevi¢ et al., 2021). However, in a longitudinal study
on teenagers who were followed until 24-27 years of age, a
decrease in PA level was found in the period of transition
from young adults into early adulthood. The greatest decline
was found in men who entered college or university (Kwan
et al,, 2012). This study involved predominantly female
students in which the decline is not as significant, and at the
beginning of the study program, the effect of decreased PA
on VO, max was likely not yet visible.

The VO, max and the proportion of students placing
in below-moderate fitness groups in the years 2022-2023
increased compared to 2007-2009. This might be related
to the COVID-19 pandemic, which influenced people’s
ability to exercise due to the decreased availability of sports
facilities and the increased risk of infection. In multiple
studies in Europe, America, and Australia, a decrease in
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cardiorespiratory endurance until 2010-2012 was found
in children and adolescents, which then stabilized or even
improved (Fithner et al., 2021). In 2019, the COVID-19
pandemic began, leading to a worldwide decrease in PA (Ng
et al., 2022; Park et al., 2022; Wunsch et al., 2022).

The CRF of students with an increased BMI was lower
than that of students a with normal BMI. Obesity might lead
to decreased respiratory and cardiovascular function, which
decreases oxygen uptake and delivery to the muscles (Sood,
2009). Negative associations between BMI and VO, max
were also found in Pakistani physiotherapy students (Ali et
al., 2020). However, the results of other studies, depending on
the expression of VO, max values, did not prove that people
with moderate-to-mild obesity have reduced CRF compared
to normal-weight people (O'Donnell et al., 2012). In this
study, only one male participant and two female participants
had a BMI above 30 kg/m2. Both BMI and aerobic capacity
can be improved by increasing PA. In a study comparing
the effects of regular and irregular training on the aerobic
fitness, blood markers, and anthropometric characteristics
of obese adolescent males, health benefits were found
regardless of training regularity. Body mass, BMI, and waist
circumference decreased, and the peak VO, increased in
both groups, with no significant differences between the
groups (Karami et al,, 2021). Thus, the negative associations
between the BMI and VO, max found in this study could be
due to low PA together with a higher than necessary caloric
intake that causes both an increase in BMI and a decrease in
VO, max Further studies might be necessary to clarify this
correlation.

This study has several strengths and limitations.
Strengths: The study features a long-term measurement
period, with exercise test results collected over 15 years
to observe changes in the VO, max of physiotherapy
students. The post-pandemic timing of the exercise stress
tests, conducted after the return to full-time university
studies, offers valuable insights into how the pandemic may
have influenced VO, max levels. A uniform protocol was
applied across all exercise tests, ensuring data comparability
throughout the measurement period. Additionally, the
inclusion of physiotherapy students is significant, as their
lifestyle choices—such as PA levels—can influence their
professional credibility and effectiveness as role models for
promoting healthy behaviors. Studying this group provides
insights into whether those expected to inspire healthy
living practices also embody such behaviors themselves,
with implications for their future professional roles and their
potential impact on public health.

Limitations

A key limitation is the indirect determination of VO,
max using heart rate (HR) data during submaximal exercise.
However, indirect VO, max tests are increasingly favored
for fitness assessments due to their practicality—they do not
require participants to exercise to exhaustion (minimizing
health risks), nor do they demand costly equipment or
highly specialized personnel (ACSM, 2021). Additionally,
this was a cross-sectional study, which limits the ability to
establish cause-effect relationships between parameters.
Future studies should adopt a longitudinal design to better
explore causality. Furthermore, assessing PA levels during

the pandemic would have provided more precise insights
into changes in PA before and during COVID-19, helping to
correlate these changes with VO, max variations. The gender
imbalance limits the ability to draw direct comparisons
between sexes.

Despite the limitations, the data obtained highlight a
significant trend that could continue to develop if PA is not
given special attention. It is necessary to comprehensively
plan PA and help students/young specialists not to forget
about their own health during their studies, which will
be essential throughout their professional and personal
lives. This study provides crucial foundational data for
future research investigating the relationship between
cardiorespiratory fitness, clinical skills, and patient
satisfaction among physiotherapy students.

Conclusion

This study provides valuable insights into the trends of
VO, max among physiotherapy students, highlighting the
importance of CRF as a key health indicator. It emphasizes
the need for healthcare students, particularly younger indi-
viduals, to prioritize their own health, not only for personal
well-being but also as role models for society. Given the as-
sociation between CRF and combating sedentary lifestyles,
the study underscores the importance of strategic planning
to maintain fitness levels. To improve CRF among future
physiotherapists, it is recommended that universities imple-
ment targeted interventions to boost PA and overall fitness
levels. Further research should focus on longitudinal studies
and comparisons with other student populations to deepen
understanding of the factors affecting student fitness. Ad-
ditionally, the findings suggest the need for exploring phys-
iotherapy students’ awareness of CRF and how they apply
this knowledge in maintaining their health. By addressing
the limitations of this research and building on its strengths,
more effective strategies can be developed to promote
healthier lifestyles among future healthcare professionals.

Supporting Information

S1 Table. The physical characteristics and calculated
VO, max of the male and female participants. https://
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S2 Table 2. Characteristics of participants in
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Acknowledgements

We extend our gratitude to all the study participants for
dedicating their time. We would like to express our special
thanks to student Signe Zvejniece, who helped with data
collection. We also acknowledge the support provided by the
administration and the technical assistance from the Riga
Stradin$ University.

References

Alparslan, Z., Ozer, O., Arslan, E.N., Aktas, L.1., Susuz, L.E.,
& Ozaydin, A.N. (2024). Relationship between Physical

1219


https://dataverse.rsu.lv/dataset.xhtml?persistentId=doi:10.48510/FK2/7AQABY
https://dataverse.rsu.lv/dataset.xhtml?persistentId=doi:10.48510/FK2/7AQABY
https://dataverse.rsu.lv/dataset.xhtml?persistentId=doi:10.48510/FK2/7AQABY
https://dataverse.rsu.lv/dataset.xhtml?persistentId=doi:10.48510/FK2/7AQABY
https://dataverse.rsu.lv/dataset.xhtml?persistentId=doi:10.48510/FK2/7AQABY

ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 5

Activity and Self-esteem of High School Students: Cross-
sectional Study. medRxiv, 2024.2001.2003.23300489.

Klussman, K., Langer, J., & Nichols, A.L. (2021). The relationship
between physical activity, health, and well-being: Type
of exercise and self-connection as moderators. European
Journal of Health Psychology, 28(2), 59-70.

Wong, M.Y. C., Chung, P-K., & Leung, K.-M. (2021). The
Relationship Between Physical Activity and Self-
Compassion: a Systematic Review and Meta-analysis.
Mindfulness, 12(3), 547-563.

Raghuveer, G., Hartz, J., Lubans, D.R., Takken, T., Wiltz, ].L.,
Mietus-Snyder, M., Perak, A.M., Baker-Smith, C., Pietris,
N., & Edwards, N.M. (2020). Cardiorespiratory Fitness
in Youth: An Important Marker of Health: A Scientific
Statement From the American Heart Association.
Circulation, 142(7), e101-e118.

Harber, M.P,, Kaminsky, L.A., Arena, R., Blair, S.N.,
Franklin, B.A., Myers, J., & Ross, R. (2017). Impact of
Cardiorespiratory Fitness on All-Cause and Disease-
Specific Mortality: Advances Since 2009 [Review].
Progress in Cardiovascular Diseases, 60(1), 11-20.
https://doi.org/10.1016/j.mayocp.2016.10.003

Lang, ].J., Prince, S.A., Merucci, K., Cadenas-Sanchez, C,,
Chaput, J.P, Fraser, B.J., Manyanga, T., McGrath, R,,
Ortega, EB., Singh, B., & Tomkinson, G.R. (2024).
Cardiorespiratory fitness is a strong and consistent
predictor of morbidity and mortality among adults: an
overview of meta-analyses representing over 20.9 million
observations from 199 unique cohort studies. Br ] Sports
Med, 58(10), 556-566.
https://doi.org/10.1136/bjsports-2023-107849

Fernstrom, M., Fernberg, U., Eliason, G., & Hurtig-Wennlof,
A. (2017). Aerobic fitness is associated with low
cardiovascular disease risk: the impact of lifestyle on early
risk factors for atherosclerosis in young healthy Swedish
individuals - the Lifestyle, Biomarker, and Atherosclerosis
study. Vasc Health Risk Manag, 13, 91-99.

Isath, A., Koziol, K.J., Martinez, M.W., Garber, C.E., Martinez,
M.N.,, Emery, M.S., Baggish, A.L., Naidu, S.S., Lavie,
C.J., Arena, R., & Krittanawong, C. (2023). Exercise and
cardiovascular health: A state-of-the-art review. Prog
Cardiovasc Dis, 79, 44-52.

Chaabna, K., Mamtani, R., Abraham, A., Maisonneuve, P.,
Lowenfels, A.B., & Cheema, S. (2022). Physical Activity
and Its Barriers and Facilitators among University
Students in Qatar: A Cross-Sectional Study. Int ] Environ
Res Public Health, 19(12).

Ali, B, Ansari, M.A., Qambrani, M.R., Memon, A.R., Ahmed,
L., & Rehman Memon, A.U. (2020). Association of body
mass index, cardiorespiratory fitness, and their correlates
among female physiotherapy students in Nawabshah. J
Pak Med Assoc, 70(1), 80-85.

Sovova, M., Sovova, E., Asswad, A.G., & Sova, M. (2020). Is
population’s cardiorespiratory fitness really declining?
Cent Eur ] Public Health, 28(2), 120-123.

Mandsager, K., Harb, S., Cremer, P, Phelan, D., Nissen, S.E., &
Jaber, W. (2018). Association of Cardiorespiratory Fitness
With Long-term Mortality Among Adults Undergoing
Exercise Treadmill Testing. JAMA Netw Open, 1(6), e183605.
https://doi.org/10.1001/jamanetworkopen.2018.3605

Ali, H.I, Attlee, A., Alhebshi, S., Elmi, E, Al Dhaheri, A.S.,
Stojanovska, L., El Mesmoudi, N., & Platat, C. (2021).

Feasibility Study of a Newly Developed Technology-
Mediated Lifestyle Intervention for Overweight and
Obese Young Adults. Nutrients, 13(8).

Garcia-Suarez, P.C., Canton-Martinez, E., Renteria, I., Moura
Antunes, B., Machado-Parra, J.P., Aburto-Corona, J.A.,
GoOmez-Miranda, L.M., & Jiménez-Maldonado, A.
(2022). Remote, Whole-Body Interval Training Improves
Muscular Endurance and Cardiac Autonomic Control
in Young Adults. International Journal of Environmental
Research and Public Health, 19(21).

Al-Khlaifat, L., Al-Yahya, E., Qutishat, D., Okasheh, R.,
Mohammad, M.T., & Muhaidat, J. (2024). Health and
skill-related physical fitness of physiotherapy students:
An observational study [Article]. Journal of Human Sport
and Exercise, 19(2), 461-472.

Tislar, M.H., Starc, G., & Kukec, A. (2022). Work-related
musculoskeletal disorders among physiotherapists and
physiotherapy students in Croatia and their association
with physical fitness [Article]. Zdravstveno Varstvo, 61(3),
171-180.

Maldonado-Alicea, O.R., Arbelo-Figueroa, E.G., Vélez-
Jiménez, L.M., & Miranda-Belandria, M.A. (2024).
Experience of Physiotherapy students in a project to
promote Physical Activity during their academic training:
a phenomenological study [Article]. Cuestiones de
Fisioterapia, 53(1).

Lewandowski, A., Sarwinska, J., Siedlaczek, M., & Piekorz,
Z.(2020). 10-Year Longitudinal Changes in Fitness
Parameters in Physiotherapy Students. Biomed Res Int,
2020, 7154797.

Veseta, U.,, Rumaka, M., Arnis, V., Vinberga, L., Abele, A.,
Spundina, L., & Zvejniece, S. (2023). Aerobic capacity of
students of RSU Physiotherapy study programme (2007-
2023) (Version V1) [experimental data]. Riga Stradin$
University Institutional Repository Dataverse.

Liepina L., Arnis V., Vinberga L., & M., K. (2013). Precision of
Test of Indirect Aerobic Working Capacity in People of
Different Ages, Sexes and Physical Fitness. Rigas Stradina
universitates 2013. gada Medicinas nozares zinatniskie
raksti, 363-373. https://rsu-staging.elsevierpure.com/ws/
files/34585301/2013_medicinas_nozares_raksti_rev.pdf

Shvartz, E., & Reibold, R.C. (1990). Aerobic fitness norms
for males and females aged 6 to 75 years: a review. Aviat
Space Environ Med, 61(1), 3-11.

Rozenstoka, S., & Erglis, A. (2020). Exercise, Chronotropic and
Inotropic Capacity in Athletes with Different Training
Programmes. Proceedings of the Latvian Academy of
Sciences. Section B. Natural, Exact, and Applied Sciences.,
74(1), 18-24.

GrigaliGiniené, A., Ramonas, A., Celutkiené, J., Sileikiené,
V., Rudys, A., Juocevicius, A., & Laucevicius, A. (2013).
Cardiorespiratory parameters of exercise capacity in a
healthy Lithuanian population: the pilot study. Hellenic ]
Cardiol, 54(2), 107-118.

Rapp, D., Scharhag, J., Wagenpfeil, S., & Scholl, J. (2018).
Reference values for peak oxygen uptake: cross-sectional
analysis of cycle ergometry-based cardiopulmonary
exercise tests of 10 090 adult German volunteers from
the Prevention First Registry. BMJ Open, 8(3), e018697.
https://doi.org/10.1136/bmjopen-2018-023866

Kaminsky, L.A., Arena, R., Myers, J., Peterman, J.E.,
Bonikowske, A.R., Harber, M.P,, Medina Inojosa, J.R.,

1220



Abele, A, Rumaka, M., Arnis, V., Vinberga, I., Spundina, L., Jansone, K., & Veseta, U. (2025). Evaluating Trends in Cardiorespiratory
Fitness Among Physiotherapy Students: A 15-Year Cross-Sectional Study (2007-2023)

Lavie, C.J., & Squires, R.-W. (2022). Updated Reference
Standards for Cardiorespiratory Fitness Measured with
Cardiopulmonary Exercise Testing: Data from the
Fitness Registry and the Importance of Exercise National
Database (FRIEND). Mayo Clinic Proceedings, 97(2), 285-
293. https://doi.org/10.1016/j.mayocp.2021.08.020

Kaminsky, L.A., Imboden, M.T., Arena, R., & Myers, J. (2017).
Reference Standards for Cardiorespiratory Fitness
Measured With Cardiopulmonary Exercise Testing Using
Cycle Ergometry: Data From the Fitness Registry and
the Importance of Exercise National Database (FRIEND)
Registry. Mayo Clinic Proceedings, 92(2), 228-233.
https://doi.org/10.1016/j.mayocp.2016.10.003

Triantafyllidi, H., Benas, D., Birba, D., Trivilou, P, &
Tliodromitis, E. (2021). Reference values for aerobic
capacity estimated by cardiopulmonary exercise test on a
cycle ergometer in a healthy Greek population. Hellenic J
Cardiol, 62(2), 121-126.

van der Steeg, G.E., & Takken, T. (2021). Reference values for
maximum oxygen uptake relative to body mass in Dutch/
Flemish subjects aged 6-65 years: the LowLands Fitness
Registry. Eur ] Appl Physiol, 121(4), 1189-1196.
https://doi.org/10.1007/s00421-021-04596-6

Loe, H., Rognmo, @., Saltin, B., & Wisleff, U. (2013). Aerobic
capacity reference data in 3816 healthy men and women
20-90 years. PLoS One, 8(5), e64319.
https://doi.org/10.1371/journal.pone.0064319

Bahls, M., Ittermann, T., Ewert, R., Stubbe, B., Volzke, H.,
Friedrich, N., Felix, S.B., & Dorr, M. (2021). Physical
activity and cardiorespiratory fitness-A ten-year follow-
up. Scand ] Med Sci Sports, 31(3), 742-751.
https://doi.org/10.1111/sms.13882

Wagner, J., Knaier, R., Infanger, D., Kénigstein, K., Klenk,
C., Carrard, J., Hanssen, H., Hinrichs, T., Seals, D., &
Schmidt-Trucksiss, A. (2021). Novel CPET Reference
Values in Healthy Adults: Associations with Physical
Activity. Med Sci Sports Exerc, 53(1), 26-37.
https://doi.org/10.1249/MSS.0000000000002454

Taylor, J.L., Bonikowske, A.R., & Olson, T.P. (2021).
Optimizing Outcomes in Cardiac Rehabilitation: The
Importance of Exercise Intensity. Front Cardiovasc Med,
8,734278. https://doi.org/10.3389/fcvm.2021.734278

Schutte, N.M., Nederend, 1., Hudziak, J.J., Bartels, M., & de
Geus, E.J. (2016). Twin-sibling study and meta-analysis
on the heritability of maximal oxygen consumption.
Physiol Genomics, 48(3), 210-219.
https://doi.org/10.1152/physiolgenomics.00117.2015

Williams, C.J., Williams, M.G., Eynon, N., Ashton, K.J., Little,
J.P, Wisloff, U., & Coombes, J.S. (2017). Genes to predict
VO(2max) trainability: a systematic review. BMC Genomics,
18(Suppl 8), 831. https://doi.org/10.1186/s12864-017-4192-6
Tangen, E.M., Gjestvang, C., Stensrud, T., & Haakstad,
L.A. H. (2022). Is there an association between total
physical activity level and VO(2max) among fitness club
members? A cross-sectional study. BMC Sports Sci Med
Rehabil, 14(1), 109.

Lu, Y., Wiltshire, H.D., Baker, ].S., & Wang, Q. (2021). The
Effects of Running Compared with Functional High-
Intensity Interval Training on Body Composition and
Aerobic Fitness in Female University Students. Int |
Environ Res Public Health, 18(21).

Kljajevi¢, V., Stankovi¢, M., Dordevi¢, D., Trkulja-Petkovi¢,
D., Jovanovié, R., Plazibat, K., Or$oli¢, M., Curié, M., &
Sporis, G. (2021). Physical Activity and Physical Fitness
among University Students-A Systematic Review. Int J
Environ Res Public Health, 19(1).

Kwan, M.Y,, Cairney, J., Faulkner, G.E., & Pullenayegum, E.E.
(2012). Physical activity and other health-risk behaviors
during the transition into early adulthood: a longitudinal
cohort study. Am J Prev Med, 42(1), 14-20.
https://doi.org/10.1016/j.amepre.2011.08.026

Fihner, T, Kliegl, R., Arntz, F, Kriemler, S., & Granacher, U.
(2021). An Update on Secular Trends in Physical Fitness
of Children and Adolescents from 1972 to 2015: A
Systematic Review. Sports Med, 51(2), 303-320.
https://doi.org/10.1007/s40279-020-01373-x

Ng, TK. Y., Kwok, C.K. C,, Ngan, G.Y. K., Wong, HK. H,,
Zoubi, EA., Tomkins-Lane, C.C,, Yau, S.K., Samartzis,
D, Pinto, S.M.,, Fu, S.N,, Li, H., & Wong, A.Y. L. (2022).
Differential Effects of the COVID-19 Pandemic on
Physical Activity Involvements and Exercise Habits in
People With and Without Chronic Diseases: A Systematic
Review and Meta-analysis. Arch Phys Med Rehabil,
103(7), 1448-1465.e1446.

Park, A.H., Zhong, S., Yang, H., Jeong, ., & Lee, C. (2022). Impact
of COVID-19 on physical activity: A rapid review. ] Glob
Health, 12, 05003. https://doi.org/10.7189/jogh.12.05003

Wunsch, K., Kienberger, K., & Niessner, C. (2022). Changes in
Physical Activity Patterns Due to the Covid-19 Pandemic:
A Systematic Review and Meta-Analysis. Int ] Environ Res
Public Health, 19(4). https://doi.org/10.3390/ijerph19042250

Sood, A. (2009). Altered resting and exercise respiratory
physiology in obesity. Clin Chest Med, 30(3), 445-454,
VII. https://doi.org/10.1016/j.ccm.2009.05.003

O’Donnell, D.E., O’'Donnell, C.D., Webb, K.A., & Guenette, J.A.
(2012). Respiratory Consequences of Mild-to-Moderate
Obesity: Impact on Exercise Performance in Health and in
Chronic Obstructive Pulmonary Disease. Pulm Med, 2012,
818925. https://doi.org/10.1155/2012/818925

Karami, H., Dehnou, V.V, Nazari, A., & Gahreman, D. (2021).
Regular training has a greater effect on aerobic capacity,
fasting blood glucose and blood lipids in obese adolescent
males compared to irregular training. ] Exerc Sci Fit,
19(2), 98-103.

ACSM, A.C. 0.S. M. (2021). ACSM’s Guidelines for Exercise
Testing and Prescription 11th edition. Wolters Kluwer
Health.

1221



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 5

OuiHKa TeHAeHLIN KapaiopecnipaTOpHOI NiAroToBEHOCTI
cepep ctyaeHTiB-PpisioTtepanesTiB: lonepeyHe
pocnigXeHHA TpuBanictio 15 pokis (2007-2023)

Arita A6ene'*°PE, Maita Pymaka'A*“PF, Bongemapc ApHic'A*“PF, Ingpa Bin6epra'ABcPE,
JTacma CriyHpina'A®“PE, Kpicriana SIncone'A*“PE, YHa Beceta'APCPE

'Pusbkuit yHiBepcurer CTpaguss

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 10 c., 3 Tab1., 6 puc., 46 mKeper.

Icropia nuranna. KappiopecnipatopHa miarotosneHicts (KPIT) € k040BUM HOKasHMKOM 3[JOPOB A, 30KpeMa /L CTY/eH-
TiB-(isioTepareBTiB, sKi IOBMHHI TOTPUMYBATICA MOJIEIi 3JI0POBOTO cn0c06y KUTTA.

Mera gocmigxeHHa. MeToro fOCTimKeHH: Oyno npoaHatisysaru TengeHuii po3sutky KPII cepen crynenris-gisiotepares-
TiB y mepiop; 3 2007 mmo 2023 pik Ta OIL[iHNTY BiTMIiHHOCTi B TOKa3HMKaX MaKCYMaabHOTO CIIOKMBaHHA KCHIO (VO, max) 3ae)xHo
Biff crari Ta infexcy macu Tina (IMT).

Marepianu Ta meTopu. IIpoBeieHo MOPiBHANTBHMIL aHATi3 BTOPMHHMX fAaHuXx 3a 2007-2009 Ta 2010-2012 pokn 3 HepBMHHU-
MM JaHuMY, 3i6panumu y 2022-2023 poxax. Bumiprosanus KPII nmposefeHo 3a JOIIOMOroo cyOMaKCMMaIbHOTO TECTY Ha Beo-
epromerpi Monark Ergomedic 839E y 242 crypenTis (Bikom 18-25 pokiB). CTaTUCTUYHI MeTOAM aHa/Ni3y BK/IIOYaIN t-Kpurepii,
AucHepciitHnii aHasi3, HenapameTpuyHi kputepil (p < 0.05). 3 MeTOI0 IpOBeeHHA MIKIPYIIOBUX IIOPIBHAHD 3aCTOCOBAHO KPUTe-
piit Kpackerna- Bomica, a i1 oIiHKM TeH/IeHLIill TPOTATOM IIeBHOTO Iepiofy yacy — kopenAlito CripMeHa.

Pesynpraru. Y NOHaJ MOTOBMHY YYacHMKIB 4omoBivoi ctati (52%) Ta xinowol crari (63%) pisui KPII 6ynmu Hibk4mnmu 3a
pedepenTHi sHaueHHA. Y CTYAEHTOK CIOCTepirajocs sHauHe 3HIDKeHH:A mokasHuka VO, max y 2022-2023 pokax MOpiBHAHO 3
2007-2009 pokamu (cepenHs pisHuist = 1.78 my/xB/kr, p < 0.05), TOAi SIK Y IpeACTaBHNUKIB Y0/IOBiUOi CTATi TaKOI TEH/EHIIIl He
BusieHo. Crygentu 3 IMT > 25 kr/m? Manu 3HaUHO HIDKYMIT HoKasHuK VO, max, anix ocobu 3 IMT < 25 kr/m? (p < 0.05).

BucHoBku. OTprMaHi pe3ynbraTit MifJKpec/onTh HeOOXiAHICTh BIPOBA/PKEHHS LINIbOBYX IIPOrpaM 3 (isMdHOI MiATOTOBKI
IJIsL CTYAeHTOK Ta oci6 3 mifBumenum IMT. Tloganbiti fOCTi>KeHHS TOBUHHI 6y T CIIPsIMOBaHi Ha BUBYeHH: (PaKTOPIB c1ocoby
JKUTTA Ta iHTepBeHIiitHNX cTparteriit 3 Meroto nonimuenHs KPII y crypentis. I[IpeacrasieHe focmimKeH s Hafgae GpyHiaMeH-
TaJIbHi IaHi /It TPOBeIeHH I MOAIBIINX JOC/II/PKEHD I[0f10 B3aeMOo3B a3Ky Mix KPII, k1iHiYHMMY HaBIYKaMU Ta 3a/{0BOJIEHICTIO
HallieHTiB cepef CTyeHTiB-(disioTepaneBTiB.

KirouoBi cmoBa: kapaiopeciiparopHa MiArOTOB/IEHICTb, MAKCUMa/IbHe CIIOXKMBAHHSA KUCHIO, CTyfieHTU-disioTepanesTn, cy6-
MaKCUMaJIbHUI BETIO€PIrOMETPUYHMIA TECT.
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