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Abstract

:

The COVID-19 pandemic profoundly affected the physical activity (PA) patterns of various social groups, including medical students. This study aims to compare the levels of PA, expressed in metabolic equivalent of task minutes per week (MET-m/w), among overweight and obese medical students, during and after the pandemic. The pandemic period was defined as spanning from 2020 to 16 May 2022, while the post-pandemic period covered the second half of 2022 through the end of 2023. PA levels were assessed using the International Physical Activity Questionnaire (IPAQ), and Body Mass Index (BMI) was calculated based on self-reported weight and height. Only individuals with a BMI ≥ 25 kg/m2 were included. In total, 233 medical students from Wroclaw Medical University were assessed during the pandemic, and 217 post-pandemic. PA was categorized into walking, moderate, and vigorous with total MET-m/w calculated. During the pandemic, no significant gender differences were observed in walking, moderate, vigorous, or total PA. Post-pandemic, males demonstrated significantly higher levels of vigorous PA (p < 0.001) and total MET-m/w (p < 0.0001) compared to females. These findings underscore the necessity for targeted interventions promoting PA among overweight and obese medical students, especially among females.
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1. Introduction


The COVID-19 pandemic, officially declared by the World Health Organization (WHO) in March 2020, had a profound global impact [1]. In Poland, the pandemic period formally ended with the issuance of the Minister of Health’s regulation on 16 May 2022 [2]. During this time, the Polish government implemented extensive nationwide lockdown measures aimed at controlling the spread of the virus [3]. The declaration of an epidemic emergency led to strict social isolation policies, including the prohibition of gatherings exceeding 50 people, the closure of cultural venues, restaurants, shopping centers, and the restriction of access to churches and gyms [4]. Educational institutions and workplaces were significantly affected with schools and universities transitioning to online learning and remote work becoming widespread across various sectors [5,6].



The restrictions imposed on access to sports facilities and the enforcement of stay-at-home measures during the COVID-19 pandemic significantly reduced opportunities for engaging in physical activity (PA) [7], including even solitary activities such as walking [8]. This phenomenon was observed globally with evidence consistently indicating a decline in PA levels during the pandemic [9]. Additionally, the pandemic period was marked by heightened levels of psychological distress, including increased anxiety and depression [10], which are known to negatively impact motivation and engagement in PA [11]. Research has highlighted the bidirectional relationship between PA and mental health, where lower PA levels can exacerbate stress and depressive symptoms, creating a reinforcing cycle of inactivity and declining mental well-being [12]. The adverse effects of the COVID-19 pandemic, including reduced PA and emotional distress, contributed to an increase in BMI within the general population. This trend is evidenced by a U.S. study of over 3.5 million adults, which reported significantly higher average BMI (+0.6%) and obesity prevalence rates (+3%) during the pandemic compared to the period from 2019 to early 2020 [13].



Overweight and obesity are associated with numerous adverse health outcomes, significantly increasing the risk of non-communicable diseases such as cardiovascular diseases [14], type 2 diabetes, certain cancers, and musculoskeletal disorders [15]. These conditions also contribute to reduced life expectancy and lower quality of life with obesity linked to systemic inflammation, insulin resistance, and metabolic dysregulation [16]. Additionally, the psychological burden of overweight and obesity, including heightened rates of anxiety, depression, and social stigma, further exacerbates their negative impact on overall well-being [17]. Therefore, effectively addressing and managing individuals with overweight and obesity represents a critical societal and educational priority.



Overweight and obesity are closely associated with insufficient PA [18], while anxiety or depression may further reduce PA motivation [19]. As highlighted, the pandemic’s restrictive measures and psychological stressors may have disproportionately impacted individuals with overweight or obesity. Furthermore, research indicates that households increased their daily caloric intake by approximately 280 calories per adult compared to pre-pandemic levels. These dietary changes were projected to raise the proportion of overweight adults by at least five percentage points within two years following the onset of the pandemic [20]. Reduced access to opportunities for regular exercise, combined with increased psychological strain, and increased caloric intake likely had a compounding effect on the overall health of the overweight and obese population [21]. Motivations and barriers to PA differ between genders; therefore, it is essential to examine PA patterns separately by gender in order to more accurately address their distinct needs and tailor interventions accordingly [22].



In Poland, a concerning trend of increasing BMI and body fat percentage has been observed among students over recent decades [23,24]. The COVID-19 pandemic further exacerbated this issue with a sharp rise in the prevalence of overweight and obesity recorded during this period [13]. This study specifically examines medical students, a young population of particular interest due to the demanding nature of their future professional roles, which will require substantial resilience to stress [25]. Additionally, they will be expected to serve as role models for healthy lifestyles both through their own behaviors and by encouraging their patients to adopt similar practices [26]. However, there is currently a lack of research specifically addressing overweight and obesity within this population.



This study aims to assess gender differences in PA levels among overweight and obese medical students in Wrocław, Poland, during and after the pandemic. Given their pivotal future social function, it is crucial to monitor the health-related behaviors and lifestyle choices of students pursuing medical degrees. Understanding these differences can provide valuable insights into the long-term consequences of the pandemic for this group and inform targeted interventions to address their unique health needs.




2. Materials and Methods


2.1. Study Design and Participants


This research was designed as a cross-sectional study involving medical students at Wroclaw Medical University. The primary aim was to examine changes in PA levels and BMI during and after the pandemic period, specifically focusing on medical students with overweight or obesity.



Data were collected over a four-year period from 2020 to 2023. The pandemic period was defined as spanning from 2020 to 16 May 2022, while the post-pandemic period covered the second half of 2022 through the end of 2023. During this time, all students attending mandatory physical education classes were invited to take part in an anonymous online survey, which was distributed via dedicated links. To achieve the broadest possible representation, invitations were sent to all students who might meet the inclusion criteria. The recruitment was carried out twice a year with invitations distributed at the beginning of each academic semester and remaining active until the following semester.



All students who met the criteria, specifically those with a BMI ≥ 25 kg/m2, were included in the research sample. This criterion was established to focus on individuals who may be at an increased risk for health complications associated with insufficient PA and excessive body mass. The weight and height of the students were self-reported. Inclusion criteria required participants to be students at Wroclaw Medical University, aged between 18 and 30 years, and identifying as either male or female. These criteria were carefully selected to reduce bias and enhance the reliability of the study. On the other hand, respondents were excluded if they had a BMI below 25 kg/m2, exhibited a low credibility level, as determined by verification questions, or if they did not complete the questionnaire fully. The inclusion and exclusion criteria were applied during surveys conducted both in the pandemic and post-pandemic period. A detailed overview of the data collection process, along with the inclusion and exclusion criteria, is provided in Figure 1.



Participation was entirely voluntary, with all eligible students encouraged to participate to ensure a diverse and representative sample, encompassing a range of experiences across both the pandemic and post-pandemic periods.



The study adhered to rigorous ethical standards. All participants were provided with detailed information regarding the study’s objectives, and their involvement was contingent upon obtaining informed consent.




2.2. International Physical Activity Questionnaire (IPAQ)


PA levels were assessed using the International Physical Activity Questionnaire (IPAQ), which is a validated self-reported tool designed to quantify the frequency and duration of various types of PA. The IPAQ includes questions regarding walking, moderate-intensity activities, vigorous-intensity activities, and sitting time with all activities assessed over the previous seven days. To minimize the risk of overreporting, participants were given clear and precise instructions on how to complete the questionnaire accurately [27].



PA data were processed by calculating the total metabolic equivalent of task (MET) minutes per week (MET-m/w) for each activity type. The corresponding MET values used were 3.3 for walking, 4.0 for moderate-intensity activity, and 8.0 for vigorous-intensity activity [28].



The IPAQ’s reliability and validity have been extensively verified, including within studies conducted on Polish populations [29,30,31]




2.3. Statistical Analysis


Data were processed using Microsoft Excel (version 16.77, Redmond, WA, USA), and statistical analyses were performed with Statistica 13 software (Statsoft, Kraków, Poland). The Shapiro–Wilk test was applied to assess the normality of the data, which revealed that the data did not follow a normal distribution. Descriptive statistics were calculated, including frequencies for categorical variables and medians with interquartile ranges (IQR) for continuous variables. To compare PA levels and BMI between the pandemic and post-pandemic periods, non-parametric tests, specifically the Kruskal–Wallis test, were employed. A significance level of p < 0.05 was applied for all analyses.





3. Results


3.1. Characteristics of Study Participants


Table 1 presents the general characteristics of the study participants during the pandemic and post-pandemic periods. In both periods, most participants were women; however, their proportion decreased from 72.5% during the pandemic to 60.4% in the post-pandemic period. Most participants resided in urban areas, especially the biggest cities, in both study periods. The mean BMI values slightly decreased in the latter study period.




3.2. Physical Activity Levels Between Genders and Study Periods


Table 2 displays the PA levels among participants, which were categorized by gender and study period. During the pandemic, approximately 20% of study participants met the HEPA criteria. This proportion increased post-pandemic with a slight rise among women and more than a twofold increase among men. The proportion of inactive individuals was consistently lower among men, when compared to women, in both periods. Most participants were classified as minimally active in both study periods.




3.3. Physical Activity MET-m/w Between Genders and Study Periods


Table 3 compares PA levels between genders and across study periods. Walking was the predominant form of PA for both men and women in both periods. No significant differences were observed between genders in walking or moderate PA during either study period. Men demonstrated significantly higher levels of vigorous PA compared to women in both periods; however, this difference reached statistical significance only in the post-pandemic period. The increase in vigorous activity in the latter period contributed to a significant rise in total PA for men. This relationship was not observed in women, as neither vigorous nor total PA significantly changed between the study periods, despite a significant increase in walking PA in the later period.





4. Discussion


This study aimed to assess gender differences in PA levels among overweight and obese medical students in Wrocław, Poland, during and after the pandemic. The respondents in our study were predominantly female, reflecting the higher enrollment of women in medical schools [32].



The majority of participants from both genders were either inactive or minimally active during both assessed periods. During the pandemic, most participants in both groups engaged in minimal levels of PA with only approximately one fifth achieving Health-Enhancing PA (HEPA) levels (21.9% of females and 18.8% of males). In the post-pandemic period, the proportion of inactive females decreased from 14.2% to 8%, but their HEPA achievement remained relatively stable, increasing slightly from 21.9% to 24.4%. In contrast, male participants demonstrated a substantial increase in PA with 47.7% reaching HEPA levels post-pandemic. Studies indicate that lockdowns during the COVID-19 pandemic were associated with significant weight gain [33], which was primarily due to reduced PA levels [34]. Consequently, it is plausible that the lifting of lockdown measures may have motivated individuals to restore their pre-pandemic levels of PA.



This increase in PA among males was further supported by a statistically significant rise in vigorous PA from an average of 713.3 MET-m/w during the pandemic to 1242.9 MET-m/w post-pandemic. This change also led to a significant increase in the total MET-m/w for the male group. Conversely, similar changes were not observed among females. For females, the only significant post-pandemic improvement was an increase in walking MET-m/w, which was insufficient to substantially raise their overall total MET-m/w. During the pandemic, there were no significant gender differences in any MET values. However, in the post-pandemic period, males demonstrated significantly higher vigorous MET-m/w, contributing to their higher overall total MET-m/w compared to females.



PA levels among medical students vary widely across studies, highlighting significant discrepancies. A pre-pandemic 2020 Bosnian study reported that 64.3% of medical students were physically inactive [35], whereas a 2008 study of U.S. medical students found a very high HEPA adherence rate of 61% [36]. During the pandemic lockdown, approximately 20% of our cohort of overweight and obese medical students were inactive, while a similar percentage achieved HEPA levels. These findings indicate relatively better outcomes compared to a Polish study conducted during the pandemic, which reported that 80.7% of medical students were physically inactive, and only 11% met HEPA recommendations [37]. This contrast suggests that despite the challenges posed by pandemic-related restrictions, our cohort demonstrated a comparatively favorable level of PA. These diverse findings, however, further underscore the need for the continuous monitoring of PA levels in the population of medical students, which is particularly susceptible to a sedentary lifestyle [38].



In the post-pandemic period, approximately 15% of our respondents were physically inactive. This result is notably more favorable than global trends from the last 20 years, where an estimated 31% of adults are physically inactive [39]. A 2023 Serbian study involving over 12,000 participants revealed only 3.3% adherence to HEPA guidelines with a negative association between HEPA adherence and BMI [40]. In contrast, our findings are more encouraging, with HEPA levels at 47.7% among males and 24.4% among females, despite our cohort being composed of overweight and obese individuals, which is a group typically associated with reduced PA levels [41].



The gender disparities in post-pandemic Total MET-m/w levels observed in our study align with broader trends. A 2024 Australian study found that after the pandemic, significantly more males returned to playing sport than females [42]. Women are consistently less active than men with global data indicating that 85% of adolescent girls and 78% of adolescent boys fail to meet WHO guidelines for HEPA [43]. Additionally, the aforementioned Serbian study found a positive association between HEPA adherence and male sex [40], further supporting the higher levels of Total MET-m/w and HEPA compliance observed among male participants in our study.



The post-pandemic increase in vigorous MET-m/w observed among males in our study may be attributed to the reopening of sports facilities, such as gyms and stadiums, which had been inaccessible during lockdowns and are conducive to engaging in vigorous forms of PA [44]. In contrast, the absence of a significant increase in Total MET-m/w among females post-pandemic is a concerning trend, which is consistent with existing research. A global study involving 707,616 adolescents reported higher levels of moderate-to-vigorous PA among boys compared to girls with the largest disparities observed in older adolescents [45]. Similarly, a Spanish study of 3060 university students demonstrated that men engaged in significantly greater levels of moderate-to-vigorous PA than their female counterparts [46]. Further support for these patterns is provided by a 2022 Irish study, which also identified higher MET-m/w levels among males compared to females [47].



The underlying reasons for this trend remain unclear; however, it is plausible that they arise from a combination of cultural and psychological gender differences. Research indicates that women report a greater number of perceived barriers to PA compared to men [48]. Among the most commonly cited obstacles for women are a lack of energy for exercise and insufficient willpower. Additionally, a survey of 2298 Australian adults revealed that a higher proportion of female respondents, compared to males, identified being “too fat” as a barrier to engaging in PA [49]. Women’s heightened self-consciousness about their body weight, driven by societal emphasis on externalized body image, may further discourage them from participating in PA, particularly in public settings such as sports facilities or gyms [50].



Interestingly, a 2021 study involving over 1500 students found that vigorous PA was significantly associated with subjective happiness in male students, while walking was more strongly linked to happiness in females [51]. This fact may explain why in our study, women demonstrated a significant post-pandemic increase in Walking MET-m/w, whereas men exhibited a significant increase in Vigorous MET-m/w. However, research also suggests that women experience greater reductions in mortality risk than men from moderate aerobic PA, vigorous PA, and strength training [52]. Thus, given these gender differences, it is crucial to understand and address the specific PA needs of overweight and obese individuals to promote their health and well-being.



Building upon the findings of this study, several targeted interventions can be developed to enhance PA participation among overweight and obese medical students with particular attention to gender-specific needs. Educational campaigns should emphasize the health benefits of both moderate and vigorous PA. Future research should aim to identify specific barriers and motivations for males and females within the overweight and obese population. For instance, initiatives aimed at women could focus on gradual increases in PA levels facilitated through social support networks. These interventions should seek to mitigate the self-consciousness, external pressure and stigma often associated with overweight women engaging in PA. Additionally, expanding access to on-campus sports facilities and offering flexible fitness programs could alleviate common barriers, such as limited time and energy, thereby fostering greater PA participation among students. It is also important to acknowledge that there are other factors at play among this specific group that may negatively influence PA levels, such as academic stress, which is positively associated with increased levels of anxiety and depression, both of which show a negative association with physical activity [53].



This study provides valuable insights, but several limitations must be considered. The primary limitations of this study include potential sampling bias, as the data were collected from a single medical school, Wroclaw Medical University, Poland, which may limit the generalizability of the findings. The impact of self-selection cannot be overlooked, as participation was voluntary, and students who opted to take part may differ in significant ways from those who did not, potentially influencing the results. Additionally, the predominance of female participants may further restrict the applicability of results to males. The use of an online survey introduces the potential for misinterpretation of questions despite efforts to clarify instructions. Moreover, reliance on self-reported data in questionnaire-based studies may introduce bias. Future research should include objective measures of PA for a more precise evaluation and explore the underlying reasons for the observed gender differences. This study was conducted among individuals who participated in physical education classes, making it less adequate to directly compare their baseline activity levels to those of other groups. Thus, these individuals may exhibit higher-than-average levels of PA. Additionally, expanding the participant pool to include a more diverse sample will improve the generalizability and depth of future findings.



Considering its strengths, this study addresses an important and timely issue by exploring the impact of the COVID-19 pandemic on PA patterns of overweight and obese medical students, which is a group particularly at risk for the health consequences of physical inactivity. The use of IPAQ, a well-validated tool for assessing PA, ensures the reliability of the data collected. By comparing PA levels during and after the pandemic, the study provides valuable insights into how the pandemic may have long-term effects on lifestyle behaviors in this population. Furthermore, the inclusion of gender-based comparisons reveals significant differences in PA patterns, emphasizing the need for targeted interventions, especially for female students. Focusing on a specific and understudied group—overweight and obese medical students—enhances the study’s relevance, as this population faces unique health challenges that could be mitigated through increased PA.




5. Conclusions


This study highlights significant gender differences in PA levels among medical students classified as overweight or obese in Wrocław, Poland, during and after the pandemic. While the overall PA levels were low, particularly during the pandemic, a notable post-pandemic increase in HEPA was observed among male students with a substantial rise in vigorous PA. Despite the cohort’s overweight and obese status, their PA levels were relatively favorable post-pandemic. In contrast, female students exhibited only modest improvements, primarily in walking, which did not significantly impact their overall PA levels.



These findings align with broader trends in gender disparities in PA, where males tend to engage in higher levels of vigorous activity than females. This phenomenon may be explained by the research suggesting that women, especially overweight or obese ones, face greater barriers to PA, including body image concerns, self-consciousness, and societal pressures, which may hinder their participation in more vigorous forms of PA. It further underscores the need for targeted interventions to address the specific barriers faced by female students, such as body image concerns and lack of motivation. Future research must look more closely at the psychological and environmental factors influencing PA, especially among women, to ensure that strategies promoting PA are both effective and equitable.
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Figure 1. Study selection process. 
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Table 1. Characteristics of study participants.
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	Variables
	Pandemic Period

N = 233 [IQR] (%)
	Post-Pandemic Period

N = 217 [IQR] (%)





	Age mean
	20.5 [19.0–21.0]
	20.2 [19.0–20.0]



	BMI mean
	27.6 [25.7–28.7]
	26.6 [25.7–28.3]



	Gender
	
	



	Male
	64 (27.5)
	86 (39.6)



	Female
	169 (72.5)
	131 (60.4)



	Place of residence
	
	



	Rural area
	61 (26.2)
	58 (26.7)



	City < 20,000 *
	19 (8.2)
	22 (10.1)



	City 20,000–100,000 *
	42 (18.0)
	53 (24.2)



	City 100,000+ *
	111 (47.6)
	84 (38.7)







Note: N is the number of observations; * number of inhabitants.













 





Table 2. Physical activity levels between genders and study periods.
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Physical Activity Level

	
N (%)




	
Pandemic Period

	
Post-Pandemic Period






	
Females

	

	




	
Inactive

	
24 (14.2)

	
8 (6.1)




	
Minimally active

	
108 (63.9)

	
91 (69.5)




	
HEPA

	
37 (21.9)

	
32 (24.4)




	
Males

	

	




	
Inactive

	
5 (7.8)

	
8 (9.3)




	
Minimally active

	
47 (73.4)

	
37 (42.0)




	
HEPA

	
12 (18.8)

	
41 (47.7)








Note: N is the number of observations.













 





Table 3. Physical activity MET-m/w between genders and study periods.
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Pandemic Period




	

	
Female, N = 169

	
Male, N = 64

	
Female vs. Male




	

	
Mean

	
Median

	
IQR

	
Mean

	
Median

	
IQR

	
p-Value

	
Z






	
Walking MET-m/w

	
1101.5

	
792.0

	
495.0–1386.0

	
1027.6

	
924.0

	
478.5–1386.0

	
0.09

	
1.792




	
Moderate MET-m/w

	
429.8

	
240.0

	
0.0–540.0

	
335.7

	
160.0

	
0.0–420.0

	
0.16

	
1.453




	
Vigorous MET-m/w

	
492.8

	
0.0

	
0.0–720.0

	
713.3

	
320.0

	
0.0–1320.0

	
0.99

	
0.008




	
Total MET-m/w

	
2024.2

	
1530.0

	
891.0–2799.5

	
2076.5

	
1783.0

	
1215.75–2594.5

	
0.30

	
1.038




	

	
Post-Pandemic Period




	

	
Female, N = 131

	
Male, N = 86

	
Female vs. Male




	

	
Mean

	
Median

	
IQR

	
Mean

	
Median

	
IQR

	
p-Value

	
Z




	
Walking MET-m/w

	
1271.3

	
1039.5

	
693.0–1617.0

	
1292.8

	
1155.0

	
594.0–1617.0

	
0.60

	
0.519




	
Moderate MET-m/w

	
400.5

	
240.0

	
0.0–540.0

	
541.1

	
360.0

	
0.0–720.0

	
0.39

	
0.856




	
Vigorous MET-m/w

	
512.9

	
0.0

	
0.0–720.0

	
1242.9

	
960.0

	
0.0–2160.0

	
0.0009

	
3.309




	
Total MET-m/w

	
2184.7

	
1754.0

	
1188.0–2990.0

	
3076.8

	
2853.0

	
1626.0–4212.0

	
<0.0001

	
4.963




	

	
Pandemic vs. Post-Pandemic

	

	




	

	
Female, N = 300

	
Male, N = 150

	

	




	

	
p-Value

	
Z

	
p-Value

	
Z

	

	




	
Walking MET-m/w

	
0.004

	
2.894

	
0.16

	
1.403

	

	




	
Moderate MET-m/w

	
0.94

	
0.065

	
0.06

	
1.916

	

	




	
Vigorous MET-m/w

	
0.92

	
0.107

	
0.007

	
2.712

	

	




	
Total MET-m/w

	
0.08

	
1.762

	
<0.0001

	
3.302

	

	








Note: Numbers in bold are statistically significant (p < 0.05).
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