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Association between physical activity e

patterns and symptoms of obstructive sleep
apnea: a cross-sectional analysis of NHANES
data
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Abstract

Background With the acceleration of modern life, the “Weekend Warrior” (WW) exercise pattern has become
increasingly popular. This study based on data from the National Health and Nutrition Examination Survey (NHANES)
from 2007-2008, 2015-2016, and 2017-2020, examines the association between physical activity (PA) patterns

and symptoms of obstructive sleep apnea (OSA) in adults aged 18 and above.

Methods The analysis included 19,223 adults who provided self-reported data on their PA patterns. Participants

were categorized into four PA groups: inactive, insufficiently active, weekend warrior (WW), and regularly active (RA).
Multivariable logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (Cls) to deter-
mine the association between PA patterns and OSA symptoms. Stratified analyses were performed to assess variations
across demographic and BMI subgroups.

Results After adjusting for relevant covariates, the WW (OR=0.85, 95% Cl: [0.72, 0.99]) and RA (OR=0.83, 95% ClI: [0.77,
0.90]) groups demonstrated significantly lower odds of OSA symptoms compared to the inactive group. The protec-
tive effect of the WW pattern was observed in specific subgroups, including non-Hispanic whites, low-income indi-
viduals, and males. In contrast, the RA pattern exhibited a more consistent protective effect across most demographic
and BMI subgroups. No significant difference in OSA symptom likelihood was found between the RA and WW groups
after adjusting for covariates (OR=1.02, 95% CI: [0.87, 1.20]).

Conclusion Both the WW and RA patterns are associated with a significantly lower prevalence of OSA symptoms
compared to inactivity. While the WW pattern appears beneficial for certain subgroups, the RA pattern shows broader
applicability. These findings highlight the potential of even non-daily PA, such as weekend activity, in reducing

the likelihood of OSA symptoms, especially in specific populations.
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Introduction
Obstructive sleep apnea (OSA) is a significant global
public health concern, characterized by recurrent airway
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and increased health risks [1]. OSA affects approximately
936 million people worldwide, with the highest preva-
lence observed in China, followed by the United States,
Brazil, and India [2]. The prevalence of mild OSA in
adults ranges from 9 to 38%, with severe cases affecting
6% to 17% of adults and up to 36% of older populations
[3]. OSA is often comorbid with obesity, hypertension,
dyslipidemia, and diabetes [4], significantly increasing
mortality and healthcare costs.

While OSA is clinically diagnosed through polysom-
nography [5], large-scale epidemiological studies often
rely on self-reported symptoms to assess the prevalence
of sleep-disordered breathing and its associated factors
[6-8]. These symptoms, referred to as OSA symptoms,
encompass excessive daytime sleepiness, loud snoring,
and gasping during sleep. Although less precise than
clinical diagnoses, self-reported OSA symptoms provide
a practical and cost-effective way to explore population-
level trends and identify modifiable risk factors.

The impact of physical activity (PA) and other lifestyle
factors on sleep health is increasingly recognized. PA
enhances cardiovascular health, muscle strength, and
overall endurance, all crucial for managing the physi-
cal demands and fatigue associated with sleep disorders
[9, 10]. It has also been shown to positively influence
immune function and recovery, further supporting its
role in sleep health [11, 12]. Adequate PA not only helps
improve sleep quality but also mitigates the risk of com-
plications arising from poor sleep [13-15].

Despite the World Health Organization’s recommen-
dation that adults engage in at least 150 to 300 min of
moderate-intensity or 75-150 min of vigorous-intensity
PA weekly [16], the fast pace of modern life makes it
challenging for many to adhere to these guidelines con-
sistently. As a result, some individuals opt to concentrate
their exercise into fewer, longer sessions over the week-
end, adopting the “Weekend Warrior” (WW) pattern.
Although this pattern involves fewer weekly exercise ses-
sions, each session is prolonged, leading to significant
energy expenditure [17].

Emerging evidence suggests that both WW and regu-
lar PA (RA) patterns are effective for weight control,
improving metabolic health, and lowering the likelihood
of cardiovascular diseases [18, 19]. In the context of OSA
symptoms, moderate to vigorous PA has been shown to
alleviate symptom severity [20, 21], whereas low levels of
PA are associated with worsened symptoms [22]. How-
ever, research exploring the relationship between specific
PA patterns, such as WW, and OSA symptoms remains
scarce. A recent study [23] suggested that both evenly
distributed and weekend-concentrated PA could improve
sleep efficiency, but systematic analysis of how irregu-
lar PA patterns influence OSA symptoms is lacking.This
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study aims to address this gap by systematically compar-
ing the associations between WW and RA exercise pat-
terns with self-reported OSA symptoms. By exploring
how different frequencies and durations of PA influence
OSA symptoms, this study seeks to provide actionable
insights for developing public health strategies and per-
sonalized exercise recommendations. The findings are
particularly relevant for individuals facing time con-
straints in a fast-paced modern lifestyle, offering guid-
ance on how alternative PA patterns may mitigate the
risk of OSA symptoms.

Materials and methods

Data source

The NHANES datasets used in this cross-sectional study
are publicly available and do not require further ethical
review board permission. Comprehensive information is
available on the NHANES website.

This study utilized NHANES data from the 2007-2008
to 2015-2020 cycles to assess the health and nutri-
tional status of American adults. Detailed information
on NHANES data collection methods can be found on
their website (http://www.cdc.gov/nchs/nhanes.htm). We
excluded 493 individuals with insufficient PA data, 14,369
individuals without OSA-related data, and 1,595 partici-
pants under 18 years old, resulting in a final sample size
of 19,223 participants. Figure 1 shows the participant
selection flowchart.

OSA symptoms assessment

In this study, OSA symptoms were assessed based on
self-reported responses to specific questions related to
sleep disorders in the NHANES survey. Unlike clinical
diagnoses of OSA, which rely on polysomnography, this
study focuses on behavioral and perceptual indicators of
OSA symptoms reported by participants. Participants
were classified as having OSA symptoms if they provided
a positive response to at least one of the following three
questions:

(1) Excessive Daytime Sleepiness: Despite having about
7 h of sleep or more on workdays, participants
reported feeling excessively sleepy during the day
for 16 to 30 times over the past month.

(2) Breathing Pauses: Participants reported experienc-
ing gasping, snorting, or breathing pauses on three
or more nights per week.

(3) Snoring: Participants reported snoring on three or
more nights per week.

These questions were designed to capture key behav-
ioral indicators commonly associated with OSA symp-
toms, based on widely accepted standards in prior
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Fig. 1 Flow chart of study population enrollment

epidemiological studies [8]. Each symptom was coded as
a binary variable (yes/no) for statistical analysis, enabling
the study to explore associations between PA patterns
and the likelihood of OSA symptoms.

PA assessment

In this study, PA was assessed using the Global Physical
Activity Questionnaire, which has been developed and
validated by the World Health Organization, asking par-
ticipants about the frequency and duration of vigorous
and moderate activities per week [24]. Vigorous activity
time is doubled and added to moderate activity time to
calculate total PA time [25]. PA patterns are categorized
into four groups [26, 27]: (1) Inactive; (2) Insufficiently
Active: less than 150 min per week; (3) WW: 1-2 sessions
per week totaling 150 min; (4) RA: more than 3 sessions
per week totaling at least 150 min.

Assessment of covariates

This study included covariates such as age, gender, racial
background, educational level, and the ratio of family
income to poverty level [28]. Body Mass Index (BMI)
was categorized into three groups: underweight/normal
weight (<24.99), overweight (25.0-29.99), and obese
(>30.0) [29]. Smoking status was determined by asking
participants if they had smoked at least 100 cigarettes
in their lifetime; a positive response classified them as
smokers [30]. Alcohol consumption was assessed by ask-
ing if participants had consumed at least 12 alcoholic
beverages in any one year; a positive response classified
them as drinkers [14]. Diagnoses of hypertension, dia-
betes, and dyslipidemia were based on medical diagno-
ses. Blood biomarkers included low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglycerides
(TG), and total cholesterol (TC).
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Statistical analysis

During data analysis, we accounted for NHANES data-
base weights. Continuous variables, based on their distri-
bution, were expressed as mean + standard deviation for
normally distributed variables and medians with inter-
quartile ranges for skewed distributions, while categori-
cal variables were expressed as counts and percentages.
Survey-weighted logistic regression was used to analyze
the relationship between PA patterns and OSA symp-
toms, calculating odds ratios (ORs) and 95% confidence
intervals (CIs). The crude model did not adjust for any
variables. Model 1 adjusted for age, gender, education
level, race, income level, and marital status. Model 2 fur-
ther adjusted for high-density lipoprotein, low-density
lipoprotein, triglycerides, cholesterol, BMI, alcoholism,
smoking status, hypertension, hyperlipidemia, and dia-
betes. Sensitivity analyses were performed through strati-
fied demographic analyses and subgroup interaction tests
to assess the impact of related confounding factors. All
analyses were conducted using R statistical software ver-
sion 4.3.2, ensuring reproducibility and accuracy of the
results. Data sources and all relevant materials are pub-
licly available on the NHANES website.

Results

Characteristics of study participants

This study analyzed 19,223 adults, including 49.18%
males and 37.37% non-Hispanic Blacks (Supplemen-
tary Table 1). The prevalence of OSA symptoms, defined
based on self-reported data, was 54.92%, which aligns
with prior epidemiological findings [8], however, it is
important to note that self-reported symptoms may not
fully capture the prevalence of clinically diagnosed OSA.
OSA symptoms patients typically had higher BMI, and
elevated low-density lipoprotein, triglycerides, and total
cholesterol levels, but lower high-density lipoprotein.
A higher prevalence of OSA symptoms was observed
among middle-aged males, individuals with lower educa-
tional attainment, obesity, smokers, and those diagnosed
with hypertension, hyperlipidemia, and diabetes.

PA patterns (Table 1) indicated lower OSA symptoms
prevalence rates in the RA and WW groups at 52.65%
and 48.42%, respectively. The RA group also showed
lower levels of low-density lipoprotein and total choles-
terol. The inactive group had higher rates of smoking,
hypertension, and hyperlipidemia, and was more likely to
include Mexican Americans, overweight individuals, and
those with low income. The WW group had the highest
percentages of males and heavy drinkers.
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Association between PA patterns and OSA symptoms

To assess the relationship between PA patterns and the
likelihood of developing OSA symptoms, we applied mul-
tivariable logistic regression models (Fig. 2). In Model 2,
which adjusted for demographic factors, behavioral char-
acteristics, and health conditions, a reduced likelihood
of OSA symptoms was observed in the Insufficiently
Active (OR=0.94, 95% CI [0.86, 1.03], P=0.196), WW
(OR=0.85,95% CI [0.72, 0.99], P=0.045), and RA groups
(OR=0.83, 95% CI [0.77, 0.90], P<0.0001) compared to
the Inactive group.The odds of OSA symptoms were sig-
nificantly higher in the Inactive group compared to the
RA group (OR=1.20, 95% CI [1.12, 1.30], P<0.0001) and
the Insufficiently Active group (OR=1.14, 95% CI [1.03,
1.25], P<0.0001). Notably, there was no significant dif-
ference in the likelihood of OSA symptoms between the
WW and RA groups (OR=1.02, 95% CI [0.87, 1.20],
P=0.8), indicating a similar protective effect of these PA
patterns against OSA symptoms. To further elucidate
the relationship between PA patterns and OSA symp-
toms, we included supplementary distribution and den-
sity plots (Supplementary Fig. 1). Supplementary Fig. 1A
illustrates the distribution of OSA symptoms and non-
OSA symptoms individuals across different PA patterns,
highlighting the higher prevalence of OSA symptoms in
the inactive group, while the WW and RA groups exhib-
ited lower prevalence rates. Supplementary Fig. 1B pre-
sents the distribution of OSA symptoms status across PA
patterns, demonstrating similar trends between the RA
and WW groups. Finally, Supplementary Fig. 1C shows
that after adjusting for all covariates, the likelihood of
OSA symptoms does not differ significantly between the
RA and WW groups, reinforcing the protective nature of
these activity patterns.

Stratified analyses according to demographic
characteristics

To investigate whether the association between PA pat-
terns and OSA symptoms varies across different demo-
graphic subgroups, we performed stratified analyses
based on age, sex, education level, race, marital sta-
tus, income level, and BMI, as shown in Table 2. In the
WW group, significant reductions in the likelihood of
OSA symptoms were observed among non-Hispanic
whites (OR=0.50, 95% CI [0.31, 0.80]), individuals with
low income (OR=0.62, 95% CI [0.45, 0.87]), and males
(OR=0.81, 95% CI [0.67, 0.98]). No significant asso-
ciations were found in other subgroups. In contrast, the
RA group exhibited a consistent trend of significantly
reduced likelihood of OSA across most demographic
subgroups. Specifically, significant protective effects were
found in the 20-39 years (OR=0.77, 95% CI [0.68, 0.88])
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PA pattern OR(95%Cl) P value
crude Inactive ref
Insufficiently active e 0.87 (0.80,0.94) <0.0001
Weekend warrior 0.79 (0.68, 0.92) 0.002
Regularly active —— 0.67 (0.63,0.71) <0.0001
model1 Inactive ref
Insufficiently active A 0.93 (0.85,1.01) 0.081
Weekend warrior 0.82 (0.70,0.96) 0.013
Regularly active —— 0.75 (0.70,0.80) <0.0001
model2 Inactive ref
Insufficiently active e 0.94 (0.86,1.03) 0.196
Weekend warrior 0.85(0.72,0.99) 0.045
Regularly active e 0.83 (0.77,0.90) <0.0001
A ;o
PA pattern OR(95%Cl) P value
crude Regularly active ref
Inactive —— 1.50 (1.40,1.60) <0.0001
Insufficiently active —— 1.30 (1.19,1.43) <0.0003
Weekend warrior P 1.18 (1.01,1.38) 0.03
model1 Regularly active ref
Inactive —— 1.35 (1.26,1.45) <0.0001
Insufficiently active —— 1.27 (1.16,1.39) <0.0001
Weekend warrior A 1.08 (0.92,1.26) 0.36
model2 Regularly active ref
Inactive —— 1.20 (1.12,1.30) <0.0001
Insufficiently active —— 1.14 (1.03,1.25) <0.0001
B Weekend warrior 1.02 (0.87,1.20) 0.8

T T
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Fig. 2 The relationship between OSA symptoms and PA patterns

and 40-59 years (OR=0.79, 95% CI [0.69, 0.90]) age
groups, males (OR=0.77, 95% CI [0.69, 0.85]), females
(OR=0.89, 95% CI [0.80, 0.99]), unmarried individuals
(OR=0.82, 95% CI [0.73, 0.93]), and married or cohab-
iting individuals (OR=0.82, 95% CI [0.75, 0.90]). In the
overweight (OR=0.80, 95% CI [0.70, 0.91]) and obese

1.41

(OR=0.79, 95% CI [0.70, 0.89]) subgroups, the RA
group also showed significantly reduced likelihood of
OSA symptoms. For income, the middle-income group
showed results close to significance (OR=0.90, 95% CI
[0.80, 1.01]), while the high-income group had a signifi-
cant protective effect (OR=0.79, 95% CI [0.70, 0.90]).
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Table 1 Baseline characteristics by PA patterns
Variables Inactive Insufficiently active ww RA P
(n=10,266) (n=2913) (n=718) (n=5326)
Age (years) 532241741 50.06+16.88 43.01+16.50 44.76+17.10 <.001
BMI (kg/mz) 30.06+7.84 29.82+7.51 28.92+7.12 2842+7.03 <.001
Triglycerides (mmol/L) 1.05 (0.35,2.40) 1.12(0.36,2.57) 1.16 (0.36,2.79) 1.21(0.42,3.25) <.001
Cholesterol (mmol/L) 188.00 (161.00,218.00) 188.00 (162.00,219.00) 189.00 (164.00,214.00) 184.00 (159.00,214.00)  <.001
High-Density Lipoprotein (mmol/L) 1.29(1.06,1.58) 1.32(1.09,1.63) 1.24(1.03,1.53) 1.37(1.10,1.68) <.001
Low-Density Lipoprotein (mmol/L) 2.87(1.89,3.83) 2.85(1.81,3.75) 2.87(1.87,3.80) 2.59(1.37,3.60) <.001
Gender (%) <.001
Male 4740 (46.17) 1304 (44.76) 526 (73.26) 2884 (54.15)
Female 5526 (53.83) 1609 (55.24) 192 (26.74) 2442 (45.85)
Education level (%) <.001
Less than high school graduate 3219(31.36) 484 (16.62) 126 (17.55) 623 (11.70)
High school graduate or GED 2716 (26.46) 629 (21.59) 184 (25.63) 983 (18.46)
Some college or above 4331 (42.19) 1800 (61.79) 408 (56.82) 3720 (69.85)
Race (%) <.001
Mexican American 1667 (16.24) 357(12.26) 113 (15.74) 687 (12.90)
Non-Hispanic white 1277 (12.44) 274 (941) 85(11.84) 548 (10.29)
Non-Hispanic black 3664 (35.69) 1193 (40.95) 279 (38.86) 2047 (38.43)
Other Hispanic 2439 (23.76) 652 (22.38) 160 (22.28) 1225 (23.00)
Other race 1219 (11.87) 437 (15.00) 81(11.28) 819 (15.38)
BMI status (%) <.001
Underweight/Normal 2685 (26.15) 772 (26.50) 215 (29.94) 1799 (33.78)
Overweight 3234 (31.50) 948 (32.54) 260 (36.21) 1792 (33.65)
Obese 4347 (42.34) 1193 (40.95) 243 (33.84) 1735 (32.58)
Marital Status (%) 0.008
Living alone 4048 (39.43) 1054 (36.18) 268 (37.33) 2104 (39.50)
Married/Living with a partner 6218 (60.57) 1859 (63.82) 450 (62.67) 3222 (60.50)
Income level (%) <.001
Low income 3735 (36.38) 716 (24.58) 170 (23.68) 1130 (21.22)
Middle income 4229 (41.19) 1137 (39.03) 299 (41.64) 1916 (35.97)
High income 2302 (22.42) 1060 (36.39) 249 (34.68) 2280 (42.81)
Alcoholism (%) <.001
Yes 7721 (75.21) 2300 (78.96) 613 (85.38) 4469 (83.91)
No 2545 (24.79) 613 (21.04) 105 (14.62) 857 (16.09)
Smoking statue (%) <.001
Yes 4773 (46.49) 1157 (39.72) 343 (47.77) 1971 (37.01)
No 5493 (53.51) 1756 (60.28) 375(52.23) 3355 (62.99)
Hypertension (%) <.001
Yes 4284 (41.73) 1111 (38.14) 171 (23.82) 1446 (27.15)
No 5982 (58.27) 1802 (61.86) 547 (76.18) 3880 (72.85)
Hyperlipidemia (%) <.001
Yes 3999 (38.95) 1111 (38.14) 189 (26.32) 1641 (30.81)
No 6267 (61.05) 1802 (61.86) 529 (73.68) 3685 (69.19)
Diabetes (%) <.001
Yes 1904 (18.55) 410 (14.07) 54(7.52) 462 (8.67)
No 8362 (81.45) 2503 (85.93) 664 (92.48) 4864 (91.33)
OSA symptoms (%) <.001
No 4268 (41.57) 1311 (45.01) 340 (47.35) 2747 (51.58)
Yes 5998 (58.43) 1602 (54.99) 378 (52.65) 2579 (48.42)
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Table 2 Stratified analyses assess the associations between PA patterns and OSA symptoms across demographic characteristics

Characteristics Inactive Insufficiently active ww RA P for interaction
OR (95%Cl) OR (95%Cl) OR (95%Cl)

Age 0.283
20-39 years ref 0.97 (0.83,1.14) 0.85 (0.67, 1.08) 0.77 (0.68,0.88)

40-59 years ref 0.80 (0.69, 0.94) 0.78(0.59, 1.05) 0.79 (0.69, 0.90)
60-80 years ref 1.06 (0.91,1.22) 0.81(0.57,1.15) 0.92 (0.80, 1.05)

Gender 0.246
Male ref 0.90(0.79,1.03) 0.81(0.67,0.98) 0.77 (0.69, 0.85)

Female ref 1.00 (0.88,1.12) 0.79 (0.58, 1.07) 0.89 (0.80,0.99)

Education level 0.379
Less than high school graduate ref 1.13(0.92,1.39) 0.82 (0.56, 1.20) 0.89(0.74,1.07)

High school graduate or GED ref 0.97 (0.81,1.16) 0.73 (0.54, 1.00) 0.78 (0.67,0.91)
Some college or above ref 0.89 (0.79, 1.00) 0.92(0.74,1.14) 0.83(0.75,0.91)

Race 0.609
Mexican American ref 0.85 (0.66, 1.08) 0.95(0.63,1.43) 0.73(0.60,0.89)
Non-Hispanic white ref 0.87 (0.66, 1.16) 0.50(0.31,0.80) 0.83 (0.66,0.92)
Non-Hispanic black ref 0.98(0.85, 1.13) 0.84 (0.65, 1.09) 0.82(0.72,0.92)

Other Hispanic ref 0.92(0.76,1.10) 0.87(0.62,1.23) 0.82(0.70,0.96)
Other race ref 1.00(0.79, 1.28) 1.20(0.73,1.97) 0.90(0.73,1.11)

Marital Status 0417
Living alone ref 1.03(0.90,1.19) 0.84 (0.65, 1.09) 0.82(0.73,0.93)
Married/Living with a partner ref 0.89 (0.80, 1.00) 0.85 (0.69, 1.04) 0.82 (0.75, 0.90)

Income level 0.177
Low income ref 0.98(0.83,1.17) 0.62 (0.45,0.87) 0.76 (0.66, 0.88)

Middle income ref 0.99(0.86, 1.14) 0.95(0.74,1.23) 0.90 (0.80, 1.01)
High income ref 0.87(0.74,1.01) 0.90 (0.68, 1.19) 0.79 (0.70,0.90)

BMI 0577
Underweight/Normal ref 097 (0.82,1.15) 0.85(0.63,1.15) 0.90 (0.78,1.03)

Overweight ref 0.98 (0.84, 1.14) 0.77 (0.59, 1.00) 0.80(0.70,0.91)
Obese ref 0.89(0.77,1.02) 0.96(0.72,1.28) 0.79(0.70,0.89)

All models were adjusted for demographics data, behavioral factors and health condition

None of the interaction terms were statistically signifi-
cant, suggesting that the association between PA patterns
and OSA symptoms was consistent across the examined
demographic subgroups.

Discussion

Our findings indicate that individuals engaging in WW
and RA patterns exhibit a lower prevalence of OSA
symptoms compared to inactive individuals. This sug-
gests that even non-daily PA, such as concentrated week-
end exercise, can offer protective benefits, particularly for
those with limited time during the workweek.

Our results are consistent with previous research dem-
onstrating the positive impact of PA on overall health
[31]. However, existing studies differ in how PA is defined
and measured, including activities such as walking, gar-
dening, running, and gym workouts [32-34]. By focusing
on the WW pattern—a concentrated and underexplored

form of PA—we provide novel insights into an alterna-
tive activity model. Approximately 1-3% of U.S. adults
reportedly follow the WW pattern, which has been
linked to lower fat mass, BMI, and waist circumference,
as well as reduced risks of cardiovascular disease, depres-
sion, and cancer mortality [35-37].

This study is among the first to systematically evaluate
the association between specific PA patterns and OSA
symptoms using a large, nationally representative sam-
ple. While prior studies have shown that PA reduces the
risk of OSA symptoms [38, 39], few have distinguished
between daily and non-daily PA patterns. For example,
one study [23] investigated the effects of weekend exer-
cise on sleep disorders, reporting improved sleep effi-
ciency, which aligns with our findings. By leveraging
NHANES data, which offers comprehensive information
on PA and sleep-related health, our study provides robust
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evidence linking WW and RA patterns to reduced OSA
symptoms.

Several biological mechanisms may explain the pro-
tective effects of PA against OSA symptoms. PA reduces
body weight and fat deposition, particularly around the
neck and upper airway, which improves airway openness
and reduces collapsibility [40]. Additionally, PA strength-
ens respiratory muscles, enhances insulin sensitivity, and
lowers cortisol levels, mitigating obesity-related OSA
risks [41]. Its anti-inflammatory properties and abil-
ity to regulate neurotransmitters further contribute to
improved sleep quality and reduced OSA severity [42,
43].

In addition to its physiological effects, the WW pattern
may offer psychological and social benefits. Concentrated
weekend exercise alleviates stress and fosters social inter-
actions, which can improve motivation and adherence to
PA routines [44, 45]. These factors may further enhance
the protective effects of PA on OSA symptoms.

Our subgroup analysis revealed that the protective
effects of the WW pattern were most significant among
non-Hispanic whites, low-income individuals, and males.
These findings may reflect lifestyle and socioeconomic
factors, as low-income individuals are more likely to
engage in high-intensity weekend activities due to lim-
ited resources during the week. Similarly, males may
favor vigorous or socially oriented PA, which could yield
greater health benefits. However, no significant associa-
tions were observed in other subgroups, suggesting that
the protective effects of the WW pattern may be limited
to specific populations.

In contrast, the RA pattern demonstrated consistent
protective effects across subgroups defined by age, sex,
race, education level, and BMI. This indicates that regu-
lar PA has broader applicability for reducing the likeli-
hood of OSA symptoms. Furthermore, no significant
associations between PA patterns and OSA symptoms
were found in normal or underweight individuals, sug-
gesting that genetic or non-PA-related factors may play
a more prominent role in these populations. Our inter-
action analysis showed no significant differences between
subgroups, indicating that the association between PA
patterns and OSA symptoms is generally stable across
different populations.

Despite these valuable findings, our study has several
limitations. First, NHANES data rely on self-reported
measures of PA and OSA symptoms, which may intro-
duce recall and reporting biases. Future studies should
incorporate objective assessments, such as accelerometry
and polysomnography, to enhance data accuracy. Second,
the cross-sectional design limits causal inference, pre-
venting us from determining whether PA directly reduces
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OSA symptoms or if individuals with fewer symptoms
are more likely to engage in PA. Longitudinal stud-
ies are needed to establish temporal relationships and
causal pathways. Third, the dataset lacks variables such
as detailed PA characteristics (e.g., type, intensity, and
session duration) and sleep metrics, restricting our abil-
ity to explore nuanced interactions between PA and OSA
symptoms. Other potential confounders, such as genetic
predisposition or occupational stress [46] were also not
accounted for, which could influence the observed asso-
ciations.Future research should address these gaps with
longitudinal designs and advanced monitoring technolo-
gies to provide a more comprehensive understanding of
PA’s role in OSA symptom management.

Future research should adopt longitudinal designs and
incorporate advanced monitoring technologies to better
understand the temporal and mechanistic relationships
between PA and OSA symptoms. Exploring how exter-
nal factors, such as stress and environmental influences,
shape these interactions could provide further insights.
Policy changes, such as improving access to recreational
spaces and promoting community-based PA programs,
may encourage broader adoption of regular PA patterns.
These measures could reduce the burden of OSA symp-
toms and other lifestyle-related conditions, even for indi-
viduals who engage in non-daily exercise like the WW
pattern.

In conclusion, this study highlights the potential of the
WW pattern as a practical alternative for individuals with
limited time for regular exercise, though its benefits may
vary by demographic factors. The RA pattern demon-
strated more consistent protective effects across popula-
tions, emphasizing its broader applicability. Tailored PA
recommendations and supportive policies are essential to
maximize the public health impact of both PA patterns in
reducing OSA symptoms.

Conclusion

Both the WW and RA patterns are associated with a sig-
nificantly lower prevalence of OSA symptoms compared
to inactivity. However, the protective effect of the WW
pattern may be limited to specific subgroups, while the
RA pattern shows broader benefits across various popu-
lations. This finding suggests that even non-daily PA,
such as weekend activity, may be an effective strategy for
lowering the likelihood of OSA symptoms, particularly in
certain demographic groups.
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