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ABSTRACT

	Aims: To evaluate the cardiopulmonary effects of wearing KN95 respirators compared with non-KN95 surgical masks during moderate-intensity outdoor cycling, and to explore potential sex-based differences in physiological responses.
Study design: This was a randomized parallel-group controlled trial conducted in an outdoor field environment at the Sudirman Central Business District (SCBD), Jakarta, Indonesia, from October to November 2022.
Methodology: Thirty-two healthy, physically active adults were randomly assigned (1:1) to wear either a KN95 mask (n = 16) or a non-KN95 surgical mask (n = 16) while cycling 8 km at a constant speed of 15 km/h (~30 minutes). Heart rate (HR), respiratory rate (RR), and oxygen saturation (SpO₂) were measured five minutes post-exercise. Independent t-tests compared groups, and ANCOVA adjusted for age, sex, and body mass index (BMI). Effect sizes were calculated using Cohen’s d and partial η². Gender-stratified analyses were conducted exploratorily.
Results: Compared with non-KN95 masks, KN95 use significantly increased HR (+14.4 bpm; p = 0.003; d = 1.15) and RR (+5.1 breaths/min; p = 0.013; d = 0.94), and reduced SpO₂ (–0.8%; p = 0.019; d = 0.88). Adjusted analyses confirmed these associations (partial η² range: 0.189–0.295). All effect sizes were large. Oxygen saturation remained within clinically acceptable ranges in both groups. Gender-stratified analyses suggested more pronounced HR elevation and SpO₂ reduction in women, although interaction effects were not statistically significant.
Conclusion: KN95 respirators impose measurable cardiopulmonary strain during moderate-intensity cycling compared with surgical masks, with potentially greater effects in women. While physiologically tolerable for healthy adults during short-duration activity, these findings have implications for individuals with limited cardiopulmonary reserves and for public health guidance in settings requiring both infection control and physical activity promotion.
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1. INTRODUCTION

[bookmark: _Hlk207381485][bookmark: _Hlk207381500]Global public health policies were reshaped by the COVID-19 pandemic, including widespread recommendations for mask usage in both community and physical activity settings (Vito et al., 2022). Despite their effectiveness in preventing the spread of viruses, face masks have aroused controversy when worn during physical activity due to possible effects on breathing, oxygen exchange, and performance during physical activity (Boulos et al., 2023; Howard et al., 2021). Cycling and other aerobic physical activities require a high ventilatory capacity, raising concern about the possibility that airflow resistance from masks may change cardiopulmonary physiological responses (Han et al., 2023).

[bookmark: _Hlk207381704]Previous research on mask usage during physical activity has yielded contradictory results. Some report increased dyspnea, elevated heart rate, and lower oxygen saturation following moderate-intensity physical activity, whereas others imply negligible physiological effects (Lott et al., 2022; Zheng et al., 2023; Asín-Izquierdo et al., 2022). However, most of these investigations have focused on surgical or cloth masks. Evidence regarding respirator-type masks, particularly KN95 masks with higher filtration efficiency and tighter fit, remains scarce. This creates a critical knowledge gap, as KN95 masks may impose greater breathing resistance compared to non-KN95 masks, potentially influencing physical activity tolerance in active individuals. Understanding these effects is essential not only for infection prevention during pandemics, but also for broader contexts such as air pollution exposure and protection of vulnerable populations (Lai et al., 2024; Duncan et al., 2021). Public health recommendations must balance protective efficacy with physiological safety and user comfort, particularly in active adults who may regularly engage in physical activity while wearing masks.

To our knowledge, few studies have directly compared the physiological impact of KN95 versus non-KN95 masks in controlled physical activity conditions (Mezghani et al., 2023; Keely et al., 2021). This study therefore addresses an important evidence gap by evaluating cardiopulmonary responses—including oxygen saturation, heart rate, respiratory rate, and perceived exertion—during moderate cycling in active adults. The findings are expected to provide evidence-based public health guidance on mask use during physical activity, ensuring both safety and practicality.

2. material and methods

2.1. Study Design and Participants
The physiological effects of wearing KN95 versus non-KN95 masks during moderate-intensity cycling were compared in this study using a randomized parallel group-controlled trial. In this investigation, non-random sampling strategies were utilized to pick samples that had previously satisfied the inclusion and exclusion criteria. The study was conducted at Lot 8 Sudirman Central Business District (SCBD), Jakarta, from October to November 2022, under supervision controlled by the research team.

A total of 32 healthy adult (20 men and 12 women) were recruited through community cycling groups in Jakarta. Eligible participants were aged 15–64 years, reported being physically active (cycling at least three times per week for ≥30 minutes per session), and absence history of chronic cardiopulmonary disease. Exclusion criteria included current smoking, acute respiratory illness within the past two weeks, use of alcohol or recreational drugs, and any contraindication to physical activity. Baseline characteristics, including age, sex, weight, height, and body mass index (BMI), were recorded before randomization. Eligible participants who met the inclusion and exclusion criteria were randomly assigned in a 1:1 ratio to wear either a KN95 mask (n = 16) or a non-KN95 surgical mask (n = 16) during the cycling protocol. 

2.2. Physical Activity Protocol
All participants performed a standardized outdoor cycling test using their bicycles under controlled environmental conditions. Each participant was instructed to cycle continuously at a constant speed of 15 km/h for a target distance of 8 km, corresponding to approximately 30 minutes of moderate-intensity physical activity. The route was selected to minimize traffic interruptions while reflecting real-world urban commuting conditions. Participants were instructed to maintain a steady pace throughout the session while wearing either a KN95 or a non-KN95 surgical mask according to their randomized allocation. Physiological outcomes—including heart rate (HR), respiratory rate (RR), and oxygen saturation (SpO₂)—were measured once, at 5 minutes post-physical activity, to capture immediate recovery responses. Two mask types were tested: [1] a KN95 mask, providing ≥95% filtration efficiency with a tight fit; [2] a non-KN95 mask, a standard 3-ply surgical mask commonly used for daily activities. All masks were new, unused, and fitted according to the manufacturer's instructions to ensure consistency.  

2.3. Outcome Measurements
Physiological outcomes were assessed at a single time point, five minutes after the completion of cycling. Heart rate (HR) was measured using a chest strap heart rate monitor, expressed in beats per minute (bpm). Respiratory rate (RR) was determined by manual observation of thoracic movements for one full minute, verified by a portable respiratory sensor, and expressed in breaths per minute. Oxygen saturation (SpO₂) was measured using a validated fingertip pulse oximeter (Masimo MightySat Rx) and expressed as a percentage of arterial oxygen saturation. All measurements were performed by trained research staff under standardized conditions to minimize inter-observer variability.

2.4. Statistical Analysis
Data were analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA). Descriptive statistics were reported as mean ± standard deviation for continuous variables and frequencies (%) for categorical variables. Independent samples t-tests were used to compare physiological parameters (HR, RR, and SpO₂) between mask conditions. Homogeneity of variances was verified using Levene’s test. Analysis of covariance (ANCOVA) was performed to adjust for potential confounders including age, sex, and body mass index (BMI). Effect sizes were calculated using Cohen’s d for t-tests and partial η² for ANCOVA, interpreted according to conventional thresholds (small = 0.01, moderate = 0.06, large = 0.14). Gender-stratified analyses were performed to explore potential sex-based differences. A two-tailed p-value < 0.05 was considered statistically significant.  
 
2.5. Ethical consideration
The study protocol was reviewed and approved by the Research Ethics Committee of the Faculty of Medicine, Universitas Trisakti, under approval number No. 139/KER-FK/VII/2022. All procedures were conducted in accordance with the Declaration of Helsinki. Participants provided written informed consent prior to participation and were free to withdraw at any time without consequence. Safety protocols, including medical supervision and first-aid availability, were implemented throughout the study. 

3. results and discussion

A total of 32 participants (20 men, 12 women) were included in the analysis, with 16 assigned to the KN95 group and 16 to the non-KN95 group. The mean age was 34.1 ± 1.6 years, and the mean BMI was 22.9 ± 0.1 kg/m². Baseline characteristics (age, sex, and BMI) were comparable between groups, with no significant differences observed (Table 1).

Table 1. Baseline demographic and physiological characteristics of study participants (n = 32).

	Variable
	Mean ± SD or n (%)
	95% Confidence Interval for Mean

	Sex
     Male
     Female
	
20 (58.8%)
12 (35.3%)
	–

	Age (years)
	34.09 ± 1.556
	30.92 – 37.27

	Weight (kg) 
	80.55 ± 17.536
	44.79 – 116.32

	Height (cm) 
	165.88 ± 1.413
	162.99 – 168.76

	BMI (kg/m²)
	22.85 ± 0.129
	22.59 – 23.11

	Heart Rate (bpm) 
	128.53 ± 2.534
	123.36 – 133.70

	Respiratory Rate (x/min) 
	30.94 ± 1.056
	28.78 – 33.09

	Oxygen saturation (SpO₂, %) 
	96.97 ± 0.177
	96.61 – 97.33



3.1. Cardiopulmonary Responses 
Independent samples t-tests showed significant differences across all three physiological parameters (Table 2). Compared with non-KN95 masks, KN95 masks were associated with higher heart rate (HR) and respiratory rate (RR) and lower oxygen saturation (SpO₂). Post-physical activity HR was significantly higher in the KN95 group compared to non-KN95 (+14.4 bpm; p = 0.003), with a large effect size (Cohen’s d = 1.15). Respiratory rate was also elevated (+5.1 breaths/min; p = 0.013; d = 0.94), while SpO₂ was significantly reduced (–0.8%; p = 0.019; d = –0.88). Levene’s test confirmed homogeneity of variance across analyses. ANCOVA adjusted for age, sex, and BMI confirmed these associations, with moderate-to-large partial η² values across outcomes (Table 3). Effect size analysis indicated large effects for all parameters (Cohen’s d > 0.8), underscoring the clinical relevance of these findings. These findings indicate that KN95 masks impose a measurable cardiopulmonary burden during moderate intensity cycling.

Similar effects have been observed in studies of N95 or high-filtration respirators, which increase breathing resistance and elevate HR and RR compared with surgical masks (Singla et al., 2022; Shui et al., 2022). In contrast, studies focusing on surgical or cloth masks have reported smaller or negligible effects (Shaw et al., 2021; Zheng et al., 2023). This likely reflects the tighter seal and higher airflow resistance of KN95 respirators, which impose greater ventilatory load. In contrast, studies that reported negligible physiological effects often involved mask types with lower filtration efficiency and looser seal (Lott et al., 2022). A systematic review and meta-analysis by Engeroff et al. (2021) similarly demonstrated that high-filtration masks impair gas exchange and aerobic performance, but the magnitude of change in our study was greater. This may be due to our field-based setting, which exposed participants to additional stressors such as outdoor temperature, humidity, and air pollution, thereby amplifying cardiopulmonary strain.

Table 2. Unadjusted comparison of physiological parameters between KN95 and non-KN95 groups after cycling (independent samples t-test with Cohen’s d).

	Variable
	KN95
(n = 16)
	Non-KN95
(n = 16)
	Mean Difference
	t (df)
	p-value
	95% CI for Difference
	Cohen’s d

	HR (bpm)
	135.75 ± 11.63
	121.31 ± 13.35
	+14.44
	3.262 (30)
	0.003
	5.40 – 23.50
	1.15

	RR (breaths/min)
	33.50 ± 5.60
	28.38 ± 5.33
	+5.13
	2.653 (30)
	0.013
	1.18 – 9.07
	0.94

	SpO₂ (%)
	96.56 ± 1.03
	97.38 ± 0.81
	-0.81
	-2.484 (30)
	0.019
	-1.48 – -0.14
	-0.88


Notes: 
Independent samples T-test with Cohen's d, p < 0.05
Values are expressed as mean ± standard deviation (SD). Cohen’s d is interpreted as 0.2 = small, 0.5 = medium, and 0.8 = large effect size.

From a physiological standpoint, the elevated HR reflects the increased cardiovascular workload mediated by sympathetic activation secondary to enhanced respiratory effort (Grassi & Drager, 2024). The higher RR represents compensatory hyperventilation to maintain alveolar ventilation against greater inspiratory resistance (Braga et al., 2023). The modest but significant decline in SpO₂ suggests impaired oxygen diffusion or delivery, possibly exacerbated by partial CO₂ rebreathing within the mask dead space. These mechanisms are consistent with prior reports that respirators may shift the ventilatory threshold, making the balance between oxygen supply and demand more fragile during physical activity (Han et al., 2023; Sukul et al., 2022). Although oxygenation remained within clinically acceptable ranges, the findings underscore that even moderate activity can elicit detectable strain when performed with KN95 masks (O'Driscoll Bret al., 2024; Han et al., 2023).

Table 3. Adjusted comparison of physiological parameters between KN95 and non-KN95 groups after cycling (ANCOVA adjusted for age, sex, and BMI).

	Variable
	KN95 (Adjusted Mean ± SE)
	Non-KN95 (Adjusted Mean ± SE)
	Mean Difference (95% CI)
	p-value
	Partial η²

	HR (bpm)
	136.0 ± 3.15
	121.0 ± 3.15
	+15.0 (5.83 – 24.13)
	0.002
	0.295

	RR (breaths/min)
	33.49 ± 1.44
	28.39 ± 1.44
	+5.1 (0.93 – 9.27)
	0.018
	0.189

	SpO₂ (%)
	96.56 ± 0.21
	97.38 ± 0.21
	–0.82 (–1.44 – –0.21)
	0.011
	0.218


Notes: 
Adjusted means were estimated using ANCOVA. The acronym SE stands for standard errors. Partial η² is interpreted as 0.01 = small, 0.06 = medium, and 0.14 = large effect size.

Clinically, these findings are particularly relevant for individuals with a reduced cardiopulmonary reserve. Patients with chronic respiratory diseases (e.g., asthma, COPD) or cardiovascular conditions may be less able to compensate for the additional ventilatory resistance imposed by KN95 masks, increasing the risk of physical activity intolerance, dyspnea, or oxygen desaturation during physical activity (Rogliani et al., 2019; Jiang et al., 2025). Athletes and highly active individuals may also experience premature fatigue or performance impairment when training with high-filtration masks, especially at higher intensities where oxygen demand is greater (Hostrup & Bangsbo, 2017; Behrens et al., 2022). Beyond infection control, respirator-type masks are also advocated in polluted environments, where the trade-off between protection and physical activity capacity becomes important (Xu et al., 2020). Tailored recommendations—such as limiting strenuous outdoor physical activity with KN95 masks, promoting mask-free activity in low-risk or well-ventilated environments, or using alternative protective strategies—may help balance safety with physiological well-being across different populations (Greenhalgh et al., 2024).
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Fig. 1. Estimated marginal means (± SE) of heart rate (HR), respiratory rate (RR), and oxygen saturation (SpO₂) in the KN95 and non-KN95 groups after cycling. Error bars represent standard errors. 

3.2. Subgroup Analysis by Gender
Gender-stratified analyses reveal consistent patterns across groups (Table 4, Figure 2). Both men and women exhibited higher HR and RR with KN95 use compared with non-KN95 masks, along with reduced SpO₂. The magnitude of change was more pronounced in women: HR increased by +18.5 bpm (p = 0.042, η² = 0.353, large effect) compared with +12.0 bpm in men (p = 0.043, η² = 0.209, moderate effect). Similarly, reductions in SpO₂ were also slightly greater in women (–1.0%; p = 0.004) than in men (–0.6%; p = 0.031). RR differences were similar across sexes (approximately +5 breaths/min).

Our gender-stratified analysis, although exploratory given the modest sample size, suggest that women may experience more pronounced physiological strain when exercising with KN95 masks, particularly in HR and SpO₂ responses. These trends may reflect underlying physiological differences. Women generally have smaller lung volumes, lower hemoglobin concentrations, and reduced cardiopulmonary reserve compared with men, which could amplify the impact of increased respiratory resistance imposed by KN95 masks and disproportionately challenge women’s ventilatory and oxygen transport capacity (Molgat-Seon et al., 2018; Santisteban et al., 2022; Harms et al., 2008). Such physiological differences may amplify the impact of increased inspiratory resistance, disproportionately challenging ventilatory efficiency and oxygen transport in women. While we did not detect a statistically significant mask × gender interaction, the consistent patterns observed warrant attention, as they imply that women could be more vulnerable to mask-induced desaturation and cardiovascular strain during physical activity.  

These findings add to the limited literature exploring sex-specific responses to mask use during physical activity. Most previous studies have not stratified by gender, focusing instead on overall averages (Engeroff et al., 2021; Mezghani et al., 2023). A recent systematic review by Asín-Izquierdo et al. (2022) emphasized that sex-based differences in ventilatory physiology may alter tolerance to mask use during exercise, but empirical field data remain limited. By demonstrating differential trends, our inquiry emphasizes the value of considering sex differences in both research and guideline development. In practical terms, women engaging in regular physical activity with KN95 masks—particularly in urban areas with high air pollution or during pandemics—may face relatively higher risks of discomfort or physiological burden (Zheng et al., 2023; Das et al., 2023). This has implications not only for athletic performance but also for occupational and community settings where women may engage in prolonged activity while masked. Tailoring mask recommendations to account for biological differences may therefore enhance both safety and adherence.

Table 4. Subgroup analysis of physiological parameters by gender (estimated marginal means ± SE from ANCOVA).

	Outcome
	Gender
	Mask
	Mean ± SD
	Mean Difference (95% CI)
	p-value
	Partial Eta Squared

	HR (bpm)
	Male
	KN95
	135.1 ± 11.2
	+12.0 (0.45–23.55)
	0.043
	0.209 (moderate)

	
	
	Non-KN95
	123.1 ± 13.3
	
	
	

	
	Female
	KN95
	136.8 ± 13.3
	+18.5 (0.84 – 36.16)
	0.042
	0.353 (large)

	
	
	Non-KN95
	118.3 ± 14.2
	
	
	

	RR (breath/mim)
	Male
	KN95
	33.4 ± 5.6
	+5.1 (1.12 – 9.13) *
	0.014
	0.203 (moderate)

	
	
	Non-KN95
	28.3 ± 5.3
	
	
	

	
	Female
	KN95
	33.6 ± 5.7
	+5.2 (1.20 – 9.25) *
	0.015
	0.196 (moderate)

	
	
	Non-KN95
	28.4 ± 5.4
	
	
	

	SpO₂ (%)
	Male
	KN95
	96.8 ± 0.9
	-0.6 (-1.2 – -0.1) *
	0.031
	0.142 (moderate)

	
	
	Non-KN95
	97.4 ± 0.8
	
	
	

	
	Female
	KN95
	96.3 ± 1.0
	-1.0 (-1.6 – -0.4) *
	0.004
	0.278 (large)

	
	
	Non-KN95
	97.3 ± 0.8
	
	
	


*Values expressed as mean ± standard deviation (SD). Between-group differences were tested using ANCOVA adjusted for covariates. *p < 0.05. Partial η² interpretation: 0.01 = small, 0.06 = moderate, 0.14 = large.
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Fig. 2. Gender-stratified estimated marginal means (± SE) of heart rate (HR), respiratory rate (RR), and oxygen saturation (SpO₂) in KN95 and non-KN95 groups.

3.3. Public Health Implications
These findings carry practical implications for public health guidelines. KN95 masks provide superior protection against airborne pathogens and environmental pollutants, but their use during physical activity imposes measurable cardiopulmonary strain (O'Kelly et al., 2021). For healthy and active adults, this additional load is modest and unlikely to pose adverse outcomes during short-duration physical activity. However, for individuals with limited cardiopulmonary reserves, such as older adults, patients with chronic respiratory or cardiovascular disease, or those engaging in prolonged or high-intensity activity, the burden may become clinically relevant (Tesfaldet & Ndeh, 2022; MacIntyre et al., 2025). 

Public health recommendations should therefore balance infection control benefits with potential physiological burdens, particularly in contexts where physical activity is encouraged for health promotion. From an urban health perspective, this is especially relevant in Jakarta, where levels of fine particulate matter (PM2.5) often exceed WHO thresholds, making high-filtration masks advisable for protection against air pollution. Yet, the same masks may reduce exercise capacity and adherence to active commuting practices, such as cycling (Liu et al., 2020). Policymakers could consider adaptive recommendations—for example, encouraging lighter masks or mask-free exercise in low-risk, well-ventilated outdoor environments, while reserving KN95 use for periods of extreme pollution or elevated infection risk (Engeroff et al., 2021; Zheng et al., 2023).

Furthermore, gender-specific trends observed in this study suggest that women may experience greater physiological strain, underscoring the potential for tailored advice in occupational or community physical activity programs. Ultimately, incorporating physiological evidence into mask-related public health guidance will help optimize both safety and adherence. Clear communication of risks and benefits will empower individuals to make informed decisions about mask use during exercise, thereby supporting broader health promotion goals without compromising cardiopulmonary well-being (Farah et al., 2025; Wismans et al., 2022; Howard et al., 2021).

These implications should be interpreted considering the study’s strengths and limitations. Strengths include randomized allocation, controlled physical activity intensity, and comprehensive adjustment for confounders, supported by both unadjusted and adjusted analyses that provide robust evidence for the physiological effects of KN95 masks. However, modest sample size limits statistical power to detect interaction effects, particularly for subgroup analyses such as gender-specific comparisons. The inclusion of only healthy adults restricts the generalizability of our findings to older adults or individuals with cardiopulmonary comorbidities. In addition, physiological parameters were assessed only once, at five minutes of post-physical activity, which may have underestimated transient or peak physiological responses. Finally, the study was limited to moderate-intensity cycling with a fixed duration, which may not reflect physiological responses during higher-intensity physical activity, longer durations, or different physical activity modalities. 

Further studies should explore long-term effects of mask use during physical activity, include more diverse populations such as older adults and individuals with chronic cardiopulmonary conditions, and assess subjective outcomes such as perceived exertion, comfort, and adherence. Additionally, continuous monitoring of cardiopulmonary parameters could clarify the temporal dynamics of cardiopulmonary adaptation to mask use.

4. Conclusion

Wearing KN95 masks during moderate-intensity outdoor cycling significantly increases heart rate and respiratory rate and modestly reduces oxygen saturation compared with surgical masks, with trends toward greater physiological impact in women. Although changes remained within clinically acceptable limits for healthy adults, they may be more relevant for individuals with limited cardiopulmonary reserve or during prolonged or higher-intensity activity. These findings highlight the need for public health recommendations that balance infection-control benefits with physiological safety, particularly in settings requiring both respiratory protection and physical activity.
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