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ABSTRACT: Cardiovascular diseases (CVD) are
among the leading causes of morbidity and
mortality and are largely associated with
modifiable risk factors such as obesity, smoking,
and physical inactivity, whose incidence is
increasing with lifestyle modernization. This study
aimed to assess body mass index and smoking
status and to describe patterns of physical activity
(PA) among healthcare students.

Methods: The research was conducted as a cross-
sectional survey of 100 students at the Faculty of
Health Studies in Rijeka. Data were collected using
a questionnaire adapted to the study objectives,
which included selected questions on smoking and
PA patterns based on the European Health
Interview Survey Wave 1 Guidelines (2010).
Obesity was assessed using body mass index
(BMI), while PA was assessed based on self-
reported time spent in vigorous and moderate PA
and walking during the previous week.

Results: Most students had a normal BMI (76%),
with no significant differences by gender, age, or
field of study. Smoking was significantly
associated with gender (p = 0.015), with daily
smoking more prevalent among male than female
students, and factory-made cigarettes the most
commonly used tobacco product. Male students
spent significantly more time in vigorous PA and
walking than female students.

Conclusion: Smoking and gender differences in
physical activity patterns were identified among
healthcare students, while most participants had a
normal BMI. Given the importance of modifiable
cardiovascular risk factors in preventing CVD,
promoting healthy lifestyles and preventing
smoking during university education may
contribute to better cardiovascular health later in
life.

KEYWORDS: cardiovascular diseases, obesity,
physical activity, risk factors, smoking, students.

I. INTRODUCTION

Cardiovascular disease (CVD) is one of
the leading causes of morbidity and mortality
worldwide [1]. According to the World Health
Organization (WHO), cardiovascular diseases
caused an estimated 19.8 million deaths in 2022
(32% of all deaths worldwide), with more than
85% resulting from heart attacks and strokes [2].
Eurostat (2025) reports that they are also the
leading cause of death in the European Union [3].
This trend is also evident in Croatia. According to
the Croatian Institute of Public Health, 19,937
people died of CVD in 2023, accounting for 39%
of all deaths[4]. Analysis by gender shows that
CVD was the cause of death in 43.3% of deceased
women (n = 11,098) and 34.5% of deceased men (n
= 8,839)[4]. Atherosclerosis, an inflammatory-
proliferative process that damages the vascular
endothelium, is most often the underlying cause of
cardiovascular disease [5,6]. The risk of developing
CVD is determined by both immutable risk factors,
such as age, gender, and family history, and
modifiable risk factors related to lifestyle habits
that preventive measures can influence [7]. Among
these modifiable factors, obesity, physical
inactivity, and smoking in younger age groups
stand out as particularly important [8], and these
three factors are the focus of this research.

Obesity reflects an energy imbalance
between intake and expenditure and consequently
increases the risk of developing hypertension,
dyslipidemia, and diabetes, all significant
contributors to CVD [9]. Physical inactivity, a
manifestation of an increasingly sedentary lifestyle,
reduces the ability to regulate body weight, blood
pressure, and fat metabolism. In contrast, regular
physical activity has a protective effect on the
cardiovascular system [10]. Smoking is one of the
leading single risk factors for CVD and causes
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more than 7 million deaths annually worldwide
[11,12].

Since obesity, physical inactivity, and
smoking largely result from unhealthy acquired
lifestyle habits, their onset is often triggered by
periods of intense life change. One such period is
the student years, during which lifestyle habits
change significantly: young people often alter their
eating habits, skip meals, turn to fast food, and
reduce their level of physical activity, while some
encounter smoking for the first time, all against a
backdrop of increased exposure to stress[13,14].
Previous studies have shown that young people in
university settings have an increased risk of
developing CVD, with particular emphasis on the
impact of overweight and inactivity, as well as the
high prevalence of smoking and a sedentary
lifestyle [15-17].

Because habits acquired during university
studies are often maintained later in life, the student
population, and healthcare students in particular, is
especially relevant for this type of research. These
individuals are future health professionals who will
promote healthy lifestyle habits and help prevent
CVD in the general population during their careers.
It is therefore important to determine the extent to
which they themselves are exposed to these risk
factors and the extent to which they prioritize their
own health. Data on body weight, smoking, and
physical activity patterns among healthcare
students, particularly in Croatia, remain limited.
The aim of this study was therefore to assess body
mass index and smoking status and to describe
patterns of physical activity among healthcare
students as modifiable factors relevant to
cardiovascular health.

II. MATERIALS AND METHODS

Study design and participants

A cross-sectional study using convenience
sampling was conducted after approval was
obtained from the Faculty of Health Studies,
University of Rijeka. The survey was conducted
from June to October 2024. Inclusion criteria were
full-time student status at the Faculty of Health
Studies, University of Rijeka, Croatia, irrespective
of year or field of study (i.e., nursing,
physiotherapy,  midwifery, or  radiological
technology), voluntary consent to participate, and
completion of the full questionnaire. Respondents
with an incomplete questionnaire or a previous
diagnosis of CVD were excluded; the latter
criterion was applied so that the frequency of
modifiable risk factors could be assessed among

students without an existing CVD diagnosis, since
such a diagnosis and associated health
recommendations may influence lifestyle habits.
No further exclusion criteria were applied. A total
of 100 students met the inclusion criteria and were
included in the study. Respondents were free to
withdraw from participation at any time. The
reporting of this study was guided by the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement for
cross-sectional studies [18].

Sample size determination

Because convenience sampling was used, the
sample cannot be considered random or necessarily
representative of the entire student population of
the Faculty. Nevertheless, if random sampling is
assumed and the total population of 730 students is
taken into account, the sample of 100 respondents
corresponds to a maximum margin of error of
approximately £9.1 percentage points at the 95%
confidence level, based on standard Cochran
methodology [19].This estimate should be
interpreted with caution, as it reflects the
theoretical precision of the prevalence estimates
rather than a guarantee that the sample is
representative of the Faculty’s student population.

Procedures

Data on smoking and physical activity were
collected using questions from the European Health
Interview Survey (EHIS), Wave 1 Guidelines 2010,
which were adapted to the objectives of this study
[20]. The questionnaire was supplemented with
items on  respondents’ sociodemographic
characteristics and data required to calculate body
mass index.

Body mass was estimated by calculating
body mass index (BMI) according to the formula
BMI = body mass (kg) / body height* (m?), based
on respondents’ self-reported height and weight,
which were not independently measured.
Respondents were classified by BMI into
categories of underweight, normal body mass,
overweight, and obesity grades I, II, and III, in
accordance with World Health Organization
standard values[21].

Smoking frequency was determined from
responses to questions on smoking status (daily,
occasional, non-smoker), type of tobacco product
consumed, average number of cigarettes smoked
per day, length of smoking history, and exposure to
passive smoking in different settings (at home, at
work, in public).
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Physical activity was assessed based on self-
reported total time spent in strenuous and moderate
physical activity and walking during the week
before the survey. For each type of activity, the
total number of minutes spent during the week was
recorded. Because data on the number of days on
which the activity was performed were not
available, it was not possible to apply the standard
IPAQ protocol and calculate MET-minutes per
week. Therefore, physical activity data were
analyzed as time spent in each type of activity,
without classifying respondents into standard IPAQ
categories

Statistical analysis

Descriptive statistical methods were used
for data analysis. Continuous variables were
presented as means and standard deviations, and
categorical variables as absolute and relative
frequencies, with 95% confidence intervals
calculated using the Wilson score method. The chi-
square test was used to compare categorical
variables, or Fisher's exact test when the
assumptions for the chi-square test were not met.
The t-test was used to compare two independent
groups, and one-way analysis of variance
(ANOVA) was used to compare three or more
independent groups. Effect sizes were calculated
where appropriate, including Cohen's w and
Cramér's V for chi-square-based tests, Cohen's d
for t-tests, and n?> for ANOVA. Statistical
significance was set at p < 0.05. Statistical analyses
were performed using IBM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY,
USA, 2017), and JASP, wversion 0.17.2.1
(Department of Psychological Methods, University
of Amsterdam, the Netherlands).

Ethical aspects

The research was approved by the Ethics
Committee of the Faculty of Health Studies,
University of Rijeka (approval no. 01-03-24, issued
on May 2, 2024). Each respondent was informed,
both verbally and in writing, about the aim and
purpose of the research and provided informed
consent to participate by completing and
submitting the questionnaire. Participation was
entirely voluntary; the questionnaire contained no
personal identification data, ensuring respondent
anonymity, and all collected data were treated as
confidential. The research was conducted in
accordance with the ethical principles of the
Declaration of Helsinki and the applicable legal
regulations of the Republic of Croatia.

III. RESULTS

Sociodemographic  characteristics of the
respondents

The study involved 100 students from the Faculty
of Health Studies in Rijeka. The majority of
respondents were female (82%), aged 21 years
(50%), and most were students of nursing (45%),
followed by physiotherapy (21%), midwifery
(18%), and radiological technology (16%). The
sociodemographic characteristics of  the
respondents by gender, age, and field of study are
presented in Table 1.

Table 1. Sociodemographic characteristics of
respondents (N = 100)

Variable Category n (%)
Gender male 18 (18)
female 82 (82)
Age (years) 21 50 (50)
22 47 (47)
> 303)
ftl::(lg, of | nursing 45 (45)
physiotherapy 21(21)
midwifery 18 (18)
el s

n - number of participants

Body mass

The average body height of the subjects was M =
170.61 cm (SD = 7.42), body weight was M =
66.91 kg (SD = 11.63), and body mass index (BMI)
was M = 2293 kg/m?* (SD = 3.44). Most
participants had normal BMI (76%; 95% CI: 66.8—
83.3%), while 14% were overweight and 5% had
obesity (Table 2).

Table 2. Distribution of BMI by nutritional status
categories (N = 100)

Body mass index | n (%) 95% CI
category

underweight 509 2.2-11.2
normal body mass 76 (76) 66.8-83.3
overweight 14 (14) 8.5-22.1
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obesity grade [ 3(3) 1.0-8.5
obesity grade 11 2(2) 0.6-7.0
obesity grade III 0(0) 0.0-3.7

n - number of participants; CI — confidence interval

No statistically significant differences in BMI were
found by gender (males: M = 23.50 kg/m?, SD =
1.22; females: M = 22.81 kg/m?, SD = 2.33; p =
0.447; Cohen's d = 0.32). No significant differences
were observed by age (F(2, 97) = 1.13; p = 0.326;
n? = 0.023) or by field of study (F(3, 96) = 1.29; p
= 0.283; ? = 0.039). In the gender comparison,
16.7% of male students and 13.4% of female
students were classified as overweight, while
obesity grades I and II were recorded exclusively in
female students (3.7% and 2.4%, respectively),
with no statistically significant gender differences
in BMI categories

Physical activity
The average duration of strenuous physical activity
in the week before the survey was M = 216.90 min
(SD = 157.89), moderate activity M = 190.90 min
(SD = 125.40), and walking M = 177.18 min (SD =
127.14) (Table 3).

Table 3. Time spent in specific types of physical
activity during the week before the survey (N =
100)

Activity level M SD
(min/week)

Strenuous  physical | ,, -0 157.89

activity

Moderate  physical | g0 0 125.40

activity

Walk 177.18 127.14

M — Mean, SD — standard deviation

A statistically significant difference was
found in time spent in strenuous physical activity
by gender, t(98) = 2.17, p = 0.033, Cohen's d =
0.56, with male students spending significantly
more time in strenuous activity (M = 281.67 min,
SD = 120.94) than female students (M = 192.94
min, SD = 163.82). A significant difference was
also found in time spent walking by gender, t(98) =
2.93, p = 0.004, Cohen's d = 0.76, with male
students spending more time (M = 256.00 min, SD
= 162.82) than female students (M = 161.63 min,
SD = 113.85). No significant differences by gender
were found in time spent in moderate physical

activity. No significant differences in physical
activity were found by age or field of study.

Smoking

The majority of respondents reported not smoking
(52%, 95% CI: 42.3-61.5%), while 31% (95% CI:
22.8-40.6%) were daily smokers and 17% (95%
CI: 10.9-25.5%) were occasional smokers (y*(2) =
18.62, p <0.001, Cohen's w = 0.43; Table 4).

Table 4. Distribution of smoking among
respondents (N = 100)
Smoking status n (%) 95 % CI
Daily smoker 31 (31 %) | 22.8-40.6
Occasional smoker | 17 (17 %) 10.9-25.5
Non-smoker 52 (52 %) | 42.3-61.5

n - number of participants; CI — confidence interval

Among respondents who reported smoking, the
most commonly used product was factory-made
cigarettes (51.7%), followed by electronic
cigarettes (39.7%), while the remaining 8.6%
reported using other tobacco products. When asked
whether they had smoked daily for at least one
year, 38% answered yes.

The average number of factory-made cigarettes
smoked per day was M = 12.13 (SD = 5.69), and
the average duration of smoking was 1.57 years
(SD = 2.33). The relatively short reported smoking
duration may indicate that smoking initiation
occurred relatively recently; however, the timing of
smoking initiation was not directly assessed.

A statistically significant association was found
between gender and smoking status (¥*(2) = 8.37; p
= 0.015; Cramér's V = 0.29; Table 5). Daily
smoking was more common among male students
(55.6%) than among female students (25.6%),
while non-smoking was more common among
female students (58.5%) than among male students
(22.2%) — Table 5.

Table 5. Smoking by gender (N = 100)

Smoking status Male, n | Female, n
(%) (%)

Daily smoker 10 (55.6) 21 (25.6)

Occasional smoker | 4 (22.2) 13 (15.9)

Non-smoker 4(22.2) 48 (58.5)

n - number of participants

A significant difference in smoking was also found
by field of study (y*(6) = 17.03; p = 0.009;
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Cramér’s V = 0.29): the highest proportion of daily
smokers was recorded in the nursing program
(40%), while in the radiological technology
program, as many as 75% of students do not
smoke. No significant differences in BMI were
found by smoking status (p = 0.651) or by gender
(p=0.515).

Exposure to passive smoking was also examined:
40% of respondents were exposed to tobacco
smoke at home for 1 to 5 hours daily, 50% were
exposed to tobacco smoke for less than an hour a
day in public spaces, and 44% of respondents were
never or rarely exposed to tobacco smoke at work.

IV. DISCUSSION

This study examined BMI, smoking, and
self-reported physical activity patterns among
healthcare students as modifiable factors relevant
to cardiovascular health. The main findings were
that most participants had a normal BMI, nearly
half reported smoking, and male students reported
spending more time in strenuous physical activity
and walking than female students. These findings
highlight the presence of potentially modifiable
health-related behaviors among future healthcare
professionals and suggest that different aspects of
health promotion may require targeted approaches.

The mean BMI of the participants was
22.93 kg/m?, with 76% having a normal BMI and
14% classified as overweight. The prevalence of
overweight observed in this sample was lower than
the proportion reported by Eurostat for the general
EU population aged 18-24 years[22]. However,
this comparison should be interpreted cautiously, as
the present sample consisted specifically of
healthcare students from a single institution and is
therefore not directly comparable to population-
based estimates. Although the prevalence of
overweight was somewhat lower in the present
study, the findings are consistent with those of
Gunalan and colleagues, who highlighted the
problem of overweight among young people
[23].No statistically significant differences in BMI
were found according to gender, age, or field of
study.

Smoking is one of the most important
modifiable risk factors for the development of
CVD [24]. Although more than half of the
respondents (52%) reported not smoking, 31%
reported daily smoking and 17% occasional
smoking. These findings are concerning,
particularly given that Eurostat data from 2026
indicate that 16.5% of people aged 16 years or
older in the EU wused tobacco or related

products[25]. However, this comparison should be
interpreted cautiously, as differences in population
characteristics and definitions of tobacco use may
limit direct comparability. Nevertheless, the
relatively high prevalence of smoking in the
present sample indicates an important potential
public health concern and highlights the need for
targeted health promotion interventions.

Among those who reported smoking,
factory-made cigarettes were the most commonly
used product (51.7%), followed by e-cigarettes
(39.7%), while the remaining 8.6% reported using
other tobacco products. These findings indicate
diverse forms of tobacco and related product use
among young people. The mean duration of
smoking was 1.57 years. This relatively short
duration may suggest that smoking was established
recently among at least some respondents.
However, because the timing of smoking initiation
was not directly assessed, it cannot be determined
whether smoking began before or during university
studies. A study by Pazdro-Zastawny et al. among
medical students reported somewhat more
favorable findings, with approximately 25% of
students reporting current or previous smoking[26].
In contrast, the results of the present study are
consistent with those of Ili¢ et al., who reported a
similar smoking frequency among medical students
from the Western Balkans[27].

The presence of smoking among healthcare
students is particularly relevant because these
students are future health professionals who may be
expected to promote smoking prevention and
cessation in their professional roles. The findings
may therefore suggest that health-related
knowledge and professional education do not
necessarily translate into personal health behaviors.
From a public health perspective, this suggests that
educational curricula alone may be insufficient to
address smoking behavior and that additional
health promotion and smoking prevention support
within the university environment may be
warranted.

A statistically  significant association
between gender and smoking status was observed,
with daily smoking reported more frequently by
male students and nonsmoking more frequently by
female students. Although this pattern is consistent
with some previous evidence, the finding should be
interpreted cautiously because of the relatively
small number of male participants in the present
sample. Previous research on smoking among
students has produced conflicting results. Teixeira-
da-Costa et al. similarly reported that smoking was
more common among male than female students,
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whereas Dagasan et al.found no gender difference
in smoking prevalence among students, and
Santano-Mogena et al. reported a higher prevalence
of smoking among female than male students[28-
30]. This variation in findings suggests that cultural
and sociodemographic factors may play an
important role in shaping the adoption and
modification of lifestyle habits.

The third aspect examined in this study was
self-reported PA. Time spent in strenuous and
moderate PA and walking during the week before
the survey was analyzed. Male students reported
spending significantly more time in strenuous PA
and walking than female students, indicating
gender-based differences in self-reported PA
patterns  within the study sample. Because
respondents could not be classified according to
standard overall physical activity categories, these
findings should be interpreted as differences in
time spent in specific types of activity rather than
as differences in overall PA levels. Nevertheless,
the observed pattern is broadly consistent with
previous studies that report greater participation in
certain forms of PA among male university
students compared with female students [31,32].

Taken together, these findings suggest that
health-related risk behaviors, particularly smoking,
persist among a notable proportion of healthcare
students, despite their education on the biological
and clinical consequences of these behaviors. This
may indicate that professional education and
health-related knowledge alone do not necessarily
lead to healthier personal behaviors. This issue is
particularly relevant because healthcare students
are expected to promote healthy lifestyles and
preventive behaviors in their future professional
roles. The observed gender differences in smoking
and self-reported PA further suggest that health-
promotion strategies within the university setting
may benefit from being tailored rather than
uniform. Integrating structured health-promotion
content, such as smoking cessation support and
opportunities for organized PA, into health study
programs could be a feasible approach to
supporting healthier behaviors during university
education and to strengthening students’ future role
as health promoters.

Limitations of the study

This study has several methodological
limitations that should be considered when
interpreting the results. First, the questionnaire did
not capture the number of days on which each
activity was performed, precluding the calculation
of MET-minutes per week or the classification of
respondents into standard IPAQ activity categories.

Physical activity was  therefore analyzed
descriptively as self-reported time spent on each
type of activity rather than as an overall physical
activity level. Second, height and weight used to
calculate BMI, as well as all data on smoking and
physical activity, were self-reported rather than
independently measured or verified, introducing
the possibility of recall bias and socially desirable
responding. Third, the cross-sectional design does
not allow causal inferences to be drawn between
the examined variables or between the observed
risk factors and health outcomes.

Finally, a convenience sampling method
was used, meaning that the results cannot be
directly generalized to the entire student population
of the Faculty of Health Studies. The calculated
margin of error represents a post hoc estimate of
statistical precision under the assumption of
random sampling and should therefore not be

interpreted as evidence of sample
representativeness. Additionally, the relatively
small number of male respondents (n = 18)

compared with female respondents (n = 82) limits
the statistical power of gender-based comparisons
and warrants cautious interpretation of the
observed differences in smoking status and
physical activity. The study was not prospectively
registered, as prospective registration is not
generally required for observational cross-sectional
studies of this type.

V. CONCLUSIONS

Cardiovascular disease is a major public
health problem, and modifiable risk factors play an
important role in its prevention. Most respondents
in this study had a normal body weight, while
overweight and obesity were present in a smaller
proportion of the sample. Smoking, however, was
reported by nearly half of the respondents, with
daily smoking more common among male than
female students; gender differences were also
found in time spent in strenuous physical activity
and walking. These findings are particularly
concerning given that the respondents are future
health professionals who will be expected to
promote healthy lifestyles in the general
population. Integrating structured health promotion
and smoking prevention activities into health study
curricula may be a feasible step toward improving
cardiovascular health outcomes, both during
students’ studies and in their future professional
practice.
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