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Abstract
Purpose  Despite the well-documented benefits of physical activity, the distinct impacts of occupational physical 
activity (OPA) and leisure-time physical activity (LTPA) on the risk of obstructive sleep apnea (OSA) remain poorly 
understood. The objective of this study was to examine the relationship between OPA/LTPA and the risk of developing 
OSA within a nationally representative sample. We hypothesized that high-intensity OPA could potentially elevate the 
risk of OSA, whereas the effect of LTPA on OSA risk might be different.

Methods  The cross-sectional study utilized data from the Korean National Health and Nutritional Examination 
Survey database (2019–2020), encompassing a total of 8093 participants. OSA risk was assessed using the STOP-BANG 
questionnaire, where a score of ≥ 3 signified high risk. Physical activity levels were evaluated using questions adapted 
from the Korean version of the Global Physical Activity Questionnaire. Participants were allocated based on their high 
or low levels of LTPA or OPA. Logistic regression analyses were conducted to unveil the associations between OSA and 
LTPA/OPA.

Results  The multivariate regression analysis revealed that high-intensity OPA posed a risk factor for OSA (odds 
ratio [OR] = 1.738, 95% confidence interval [CI]: 1.134, 2.666), particularly among individuals with age ≥ 60 years 
old (OR = 1.321, 95% CI: 1.036, 1.682), those with a BMI ≥ 25 (OR = 1.967, 95% CI: 1.027, 3.767), and individuals with 
hypertension (OR = 3.729, 95% CI: 1.586, 8.768). Furthermore, a visible association was observed between high-
intensity OPA and increased tiredness (OR = 1.447, 95% CI: 1.107, 1.891). However, no notable correlation was detected 
between LTPA and OSA prevalence in both overall and subgroup analyses (all P > 0.5).

Conclusion  The study supported the link between high-intensity OPA and an elevated risk of OSA, suggesting the 
need to manage the duration and intensity of OPA.
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Introduction
Obstructive sleep apnea (OSA) is the most prevalent 
sleep-related breathing disorder, marked by recurring 
instances of partial or complete blockage of airway 
during sleep. This results in fragmented sleep pat-
terns and reduced oxygen saturation [1], leading to 
excessive daytime sleepiness and fatigue. These symp-
toms impair the patient’s functionality and leads to a 
diminished economic productivity. Furthermore, OSA 
greatly increased the risk of psychiatric disorders, car-
diovascular diseases, and metabolic diseases [2–4]. It 
has emerged as a major global public health concern, 
impacting around 1 billion adults worldwide [5]. Con-
sequently, it is vital to comprehensively understand 
the potential risk factors and protective measures of 
OSA, and to devise new prevention and intervention 
strategies.

The American Thoracic Society recommend physi-
cal activity as a treatment option for overweight or 
obese OSA patients, emphasizing that lifestyle changes 
such as dietary control and physical activity can ben-
efit OSA patients [6]. Although the health benefits of 
physical activity are generally acknowledged, not all 
forms of physical activity contribute equally to health 
and well-being [7–8]. Physical activity is generally cat-
egorized into leisure, occupational, transportation, 
and household activities [9]. The health benefits and 
disease prevention associated with physical activity 
are primarily linked to leisure-time physical activity 
(LTPA) [10]. Conversely, the evidence regarding the 
impact of occupational physical activity (OPA) is con-
flicting, with some studies suggesting potential harm-
ful effects on health [11].

Different types of physical activities confer varying 
health benefits, which may explain the ongoing contro-
versy regarding the connection between physical activ-
ity and OSA observed in various studies. Some studies 
have demonstrated that physical activity can lower the 
risk of developing OSA [12], while in others, there is 
no visibly link between physical activity and OSA [13]. 
Hausswirth et al. [14] demonstrated that high-intensity 
physical training significantly disrupts sleep quality 
of athletes, resulting in increased daytime sleepiness. 
Previous studies have not adequately differentiated 
between the types of physical activity. Therefore, this 
study utilized the Korean National Health and Nutri-
tional Examination Survey (KNHANES) database to 
explore the relationship between OSA and OPA/LTPA, 
aiming to provide an epidemiological evidence for the 

recommendation of using physical activity as a remedy 
for OSA.

Materials and methods
Participants selection and data collection
The study utilized data from KNHANES (2019–2020), 
an ongoing monitoring system primarily aimed at pro-
viding comprehensive national data on the dietary pat-
terns, health-related behaviors, and health status of 
the Korean population [15]. The study was conducted 
in accordance with a stratified, multi-stage, probabil-
ity cluster sampling method, and participant informa-
tion was obtained through face-to-face interviews. 
Initially, 15,469 participants were included in the 
study. After excluding non-respondents to the LTPA/
OPA questionnaire (n = 4,133) and the STOP-BANG 
questionnaire (n = 3,243), a total of 8,093 participants 
were ultimately included in the analysis (Fig.  1). All 
KNHANES participants volunteered and provided 
informed consent.

Occupational and leisure-time physical activity assessment
The assessment of physical activity levels relied on 
questions in the Korean version of the Global Physi-
cal Activity Questionnaire (K-GPAQ), which specifi-
cally targeted OPA and LTPA [16]. “Vigorous-intensity 
activity” refers to physical activities requiring intense 
physical exertion, significantly increasing heart or 
breathing rate. Conversely, “moderate-intensity activ-
ity” indicated physical activities involving moder-
ate physical exertion, resulting in a slight elevation of 
heart or breathing rate. The comprehensive inquiries 
can be found in the Supplementary K-GPAQ questions 
for OPA/LTPA. By summing the duration of moderate-
intensity activity per week and doubling the reported 
duration of vigorous-intensity activity per week, we 
calculated the total weekly activity duration. Partici-
pants were then divided into two cohorts according to 
the current guidelines: those with low LTPA or OPA 
(< 150  min/week), and those with high LTPA or OPA 
(≥ 150 min/week) [17].

Obstructive sleep apnea assessment
The STOP-BANG questionnaire is a rapid and simple 
screening tool for targeting detecting OSA populations 
with a sensitivity of 83.6% [18]. The questionnaire con-
sists of total eight items pertaining to clinical charac-
teristics of sleep apnea (tiredness, snoring, observed 
apnea, hypertension, age, male gender, neck circum-
ference, and body mass index (BMI)). The assessment 
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of tiredness, snoring, observed apnea, and hyperten-
sion is based on “yes” or “no” responses to the follow-
ing questions: “Do you often feel tired, fatigued, or 
sleepy during the day?” “Is your snoring loud?” “Has 
anyone observed you stop breathing while sleeping?” 
and “Have you ever received a diagnosis of hyperten-
sion from a healthcare professional?” Additionally, the 
four demographic criteria include: age ≥ 50 years, male 
gender, neck circumference ≥ 40 cm, and BMI ≥ 35 kg/
m2. A total score of three or more classifies individuals 
are at high risk.

Covariate variables
We collected information on gender, age, educational 
level (below high school, high school graduate, and 
college degree or higher), BMI (classified as < 25  kg/
m2 for normal, and ≥ 25  kg/m2 for obese), residence 
(urban and rural), occupation, smoking history (< 5 
or ≥ 5 packs of cigarettes in a lifetime), alcohol intake 

(less than twice a week or twice a week or more), and 
comorbidities (hypertension, history of cerebral hem-
orrhage, cardiovascular disease, thyroid disease, diabe-
tes mellitus, gout, chronic kidney disease, and asthma) 
as potential covariates associated with OSA.

Statistical analysis
The data from KNHANES (2019–2020) was pooled 
and utilized for complex sample analysis, integrat-
ing sampling weights to address the multi-stage sam-
pling design. Continuous variables were presented 
as mean ± standard deviation (SD), while categorical 
variables were represented as percentages. Before con-
ducting the logistic regression analyses, we assessed 
the multicollinearity among the independent vari-
ables using the variance inflation factor (VIF). A VIF 
value greater than 5 was considered to indicate high 
multicollinearity.

Fig. 1  Flowchart of the study population
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Multivariate analysis employed logistic regression to 
explore the associations between OSA and OPA/LTPA. 
Adjusted odds ratios (ORs) and 95% confidence inter-
vals (CIs) were computed for LTPA and OPA across 
three different models. Model 1 was adjusted for age, 
gender, and BMI; Model 2 was adjusted for age, gen-
der, BMI, residence, family income, educational level, 
occupation, smoking, and alcohol intake; and Model 3 
included all covariates in Model 2 along with comor-
bidities. Additionally, factors with a significance level 
of P < 0.05 in the multiple regression analyses were 
considered as covariates. The results of subgroup anal-
yses for each respective variable were presented. The 
level of statistical significance was set at P < 0.05.

Results
Characteristics of sociodemographics and clinical features
As shown in Table  1, this study included 8093 par-
ticipants in total, of which 3103 individuals had a 
STOP-BANG score ≥ 3, representing approximately 
51.67  million Korean adults in the weighted popula-
tion. The average age of participants was 59.58 ± 11.60 
years, with 43.4% being males and 56.6% females. 
The majority of participants resided in urban areas 
(77.9%), have a normal BMI (62.8%), smoked < 5 packs 
in a lifetime (60.9%), and reported alcohol intake less 
than twice a week (75.9%). Among the OSA-related 
comorbidities, 33.5%, 3.1%, 4.3%, 3.1%, 5.0%, 13.7%, 
1.3%, and 2.2% of participants reported hypertension, 
history of cerebral hemorrhage, cardiovascular dis-
ease, thyroid disease, diabetes mellitus, gout, chronic 
kidney disease, and asthma, respectively. In terms of 
LTPA and OPA, the majority of participants reported 
low levels of physical activity, with weighted percent-
ages of 86.8% for LTPA and 96.6% for OPA. There was 
a significant statistical difference in the distribution of 
occupational categories between males and females, 
and male participants were more likely to be in blue-
collar and green-collar occupations, while females 
were more likely to be unemployed or in white-collar 
occupations (χ2 = 478.83, P < 0.0001) (Supplementary 
Table S1).

The association of LTPA/OPA with OSA
Logistic regression analysis was adopted to explore the 
connection between LTPA/OPA and OSA. As shown 
in Fig.  2, both in univariate analysis (OR = 1.637, 95% 
CI: 1.245, 2.153) and analysis adjusting for all covari-
ates (model 3) (OR = 1.738, 95% CI:1.134, 2.666), high 
OPA was markedly connected with an elevated risk of 
OSA, whereas LTPA did not increase the risk of devel-
oping OSA (all P > 0.05).

Subgroup analysis of LTPA/OPA with OSA
Subgroup analysis was conducted on covariates with 
P < 0.05 in the multiple regression analyses (Table S2). 
The results uncovered a marked association between 
high OPA and high risk of OSA, particularly among 
individuals with age ≥ 60 years old (OR = 1.321, 95% CI: 
1.036, 1.682), those with a BMI ≥ 25 (OR = 1.967, 95% 
CI: 1.027, 3.767), and individuals with hypertension 
(OR = 3.729, 95% CI: 1.586, 8.768) (Table  2). Further-
more, LTPA was not correlated with an elevated the 
risk of OSA in different subgroups (all P > 0.05) (Table 
S3).

The link between OSA risk and physical activity
Logistic regression analysis was utilized to investigate 
the connection between LTPA/OPA and OSA risk 
(tiredness, snoring, and observed apnea). As illus-
trated in Table 3, after adjusting for covariate variables 
(Model 3), a notable connection was observed between 
high-intensity OPA and tiredness (OR = 1.447, 95% CI: 
1.107, 1.891), particularly among males (OR = 1.629, 
95% CI:1.191, 2.228). Additionally, a significant con-
nection was found between high levels of LTPA and 
snoring (OR = 1.236, 95% CI: 1.011, 1.512).

Discussion
The results of this study indicated that high levels of 
OPA pose a risk factor for OSA, especially among indi-
viduals with age ≥ 60 years old, BMI ≥ 25, and those 
with hypertension. Further analysis revealed that high 
levels of OPA may elevate the risk of feelings of tired-
ness, particularly among males. While high levels of 
LTPA were linked to an elevated risk of snoring, no evi-
dence was found to suggest that LTPA either mitigated 
or exacerbates the occurrence of OSA. This study 
suggested that patients with OSA should be advised 
to steer clear of high levels of OPA, as such exertion 
may worsen their condition. Additionally, given the 
lack of a substantial association between LTPA and the 
risk of OSA, healthcare providers might not consider 
LTPA as an essential therapeutic requirement for OSA. 
This aligns with the findings of previous study, Duan 
et al. [19] revealed no significant association between 
LTPA and the risk of OSA. Nevertheless, it is crucial 
to emphasize the comprehensive health advantages 
and the potential beneficial effects of LTPA on mental 
well-being and cardiovascular fitness, which are gen-
erally recommended for overall health promotion [20].

Currently, the link between physical activity and the 
risk of developing OSA is still uncertain. While many 
studies indicated that physical activity can indepen-
dently improve OSA regardless of weight loss [21–22], 
some researches had failed to establish this connec-
tion [23]. Therefore, it is crucial to explore the effects 
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Table 1  Characteristics of the study population
Characteristics N Weighted N in millions Overall STOP - BANG

Score < 3 a
STOP - BANG
Score ≥ 3 b

Age(years), Mean(SD) 8093 51.67 59.58 ± 11.60 57.55 ± 11.76 62.84 ± 10.56
Gender, N (%)
  Male 3511 22.42 43.4% 16.1% 27.3%
  Female 4582 29.25 56.6% 45.6% 11.0%
Residence, N (%)
  Urban 6304 40.25 77.9% 49.2% 28.7%
  Rural 1789 11.42 22.1% 12.5% 9.6%
Smoking, N (%)
  < 5 pack in a lifetime 4927 31.47 60.9% 45.6% 15.3%
  ≥ 5 pack in a lifetime 3157 20.20 39.1% 16.1% 23.0%
Alcohol intake, N (%)
  Less than twice a week 5290 39.22 75.9% 49.4% 26.5%
  Twice a week or more 1677 12.45 24.1% 12.3% 11.8%
BMI (Kg/m2), N (%)
  <25 5079 32.45 62.8% 29.1% 33.7%
  ≥ 25 3014 19.22 37.2% 32.6% 4.6%
Hypertension
  No 5384 34.36 66.5% 52.0% 14.5%
  Yes 2709 17.31 33.5% 9.7% 23.8%
History of cerebral hemorrhage
  No 7843 50.07 96.9% 60.5% 36.4%
  Yes 250 1.60 3.1% 1.2% 1.9%
Cardiovascular disease
  No 7741 49.45 95.7% 59.7% 36.0%
  Yes 352 2.22 4.3% 2.0% 2.3%
Thyroid disease
  No 7841 50.07 96.9% 59.4% 37.5%
  Yes 252 1.60 3.1% 2.3% 0.8%
Diabetes mellitus
  No 7687 49.09 95.0% 59.7% 36.0%
  Yes 406 2.58 5.0% 2.0% 2.3%
Gout
  No 6983 44.59 86.3% 53.9% 32.4%
  Yes 1110 7.08 13.7% 7.8% 5.9%
Chronic kidney disease
  No 7985 51.00 98.7% 61.1% 37.6%
  Yes 108 0.67 1.3% 0.6% 0.7%
Asthma, N (%)
  No 7914 50.53 97.8% 60.5% 37.3%
  Yes 179 1.14 2.2% 1.2% 1.0%
LTPA, N (%)
  low 7007 44.85 86.8% 53.9% 32.9%
  High 1086 6.82 13.2% 7.8% 5.4%
OPA, N (%)
  low 7820 49.91 96.6% 59.9% 36.7%
  High 273 1.76 3.4% 1.8% 1.6%
a STOP– BANG Score < 3: N = 4990; Weighted N in millions = 31.88
b STOP– BANG Score ≥ 3: N = 3103; Weighted N in millions = 19.79

LTPA: Leisure-time physical activity

OPA: Occupational physical activity
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of different types of physical activity on OSA. Murillo 
et al. [24] evinced that moderate and high-intensity 
transport activity could reduce the likelihood of mild 
OSA. However, Duan et al. [25] demonstrated that 
three aspects of physical activity, encompassing OPA, 
LTPA, and transport activity, were not linked to OSA 
risk using the Berlin Questionnaire. This discrepancy 
from our study may be due to differences in the assess-
ment of OSA. Multiple studies suggest that the STOP-
BANG questionnaire is recommended as a more 
precise tool for identifying mild, moderate, and severe 
OSA, and recommend for its implementation in OSA 
screening [26–27].

The exact reasons for the heightened risk of devel-
oping OSA due to high levels of OPA are not entirely 
clear. Delving into its molecular mechanisms, it has 
been confirmed that elevated OPA levels are linked to 
systemic inflammatory responses and elevated blood 
pressure, manifested as increased circulating hs-CRP, 
interleukin-6/8 levels, and heightened cardiovascu-
lar disease risk [28]. The relationship between sys-
temic inflammation and OSA is bidirectional. Sleep 
regulation by the central nervous system dynami-
cally modulates the immune system by producing and 
redistributing of inflammatory cytokines, primar-
ily involving the sympathetic nervous system and the 

hypothalamic-pituitary-adrenal axis [29]. Addition-
ally, research indicated that increased levels of cyto-
kines in the nervous system can lead to fragmented 
sleep patterns in rodents [30]. Furthermore, systemic 
inflammation is associated with impaired respiratory 
chemoreflex and plasticity, disrupting ventilatory con-
trol and increasing the susceptibility of OSA [31].

Subgroup analysis revealed that elevated levels of 
OPA represent a risk factor for OSA, particularly 
among individuals with age ≥ 60 years old, BMI ≥ 25, 
and those with hypertension, all of these covariates 
were established risk factors for OSA. Chung et al. 
[16] demonstrated a higher proportion of males, older 
individuals, and those with higher BMI and blood 
pressure among OSA patients compared to non-OSA 
populations. Matarredona-Quiles et al. [32] indicated 
that several factors contribute to the increased risk of 
OSA, including the relaxing effect of higher testos-
terone levels on upper airway muscles in males, age-
related decline in muscle strength and respiratory 
control in elderly individuals, adipose tissue accumu-
lation and inflammation in the upper airway of obese 
and hypertensive patients. Therefore, it is essential for 
individuals in these groups to be particularly attentive 
to managing the duration and intensity of their occu-
pational physical activities, in order to mitigate the 

Fig. 2  The association of leisure-time and occupational physical activity with obstructive sleep apnea
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heightened risk of exacerbating OSA due to fatigue 
and excessive strain.

One notable strength of our study lied in its evalu-
ation of the connection between OSA and physical 
activity within a nationally representative sample of 
the general population. Furthermore, we differenti-
ated between LTPA and OPA in their respective effects 
on OSA, and conducted analyses targeting various 
subgroups. However, our study also presented cer-
tain limitations. Firstly, we relied on the STOP-BANG 
questionnaire to screen for high-risk OSA, although 
it is not a conclusive diagnostic tool for OSA and may 
therefore have lower accuracy compared to clinical 
examination measurements. Nonetheless, it is worth 
noting that several large-scale population-based stud-
ies also employed questionnaires to assess OSA. 
Secondly, the cross-sectional nature of our study hin-
dered our capacity to determine a causal relationship 
between OPA and OSA. Additionally, our study did 
not allow for an analysis based on the severity of OSA, 
accelerometer data or overnight oximetry due to the 
absence of specific sleep data from the KNHANES 
database. One significant limitation of our study was 
the potential for selection bias, as we excluded more 
than 10% of the initial population due to non-response, 
resulting in a sample that is not fully representative of 
the general Korean population. Moreover, the study 
population was predominantly composed of a rela-
tively healthy, urban working group, limiting the gen-
eralizability of our findings to other populations, such 
as those living in rural areas or with different employ-
ment statuses. Additionally, the high-intensity OPA 
exposure and the use of the STOP-BANG question-
naire in this group might be influenced by “tiredness” 
from overworking, rather than actual airway obstruc-
tion during sleep, which could affect the interpretation 
of our results. Therefore, future studies should con-
sider designing prospective cohort studies that utilize 
polysomnography for OSA diagnosis to better under-
stand the causal relationship between OPA and OSA, 
and they should also aim to include a more diverse 
participant pool, encompassing individuals from rural 
areas and various employment statuses, to enhance the 
external validity of the findings.

Conclusion
In summary, the current study provides evidence 
supporting the association between high-intensity 
OPA and an increased risk of OSA, particularly in 
individuals ≥ 60 years old, those with a BMI ≥ 25, and 
individuals with hypertension. High levels of OPA 
may contribute to promoting the feeling of tiredness. 
The impact of OPA on OSA warrants further com-
prehensive evaluation in the near future to enhance Ta
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public health awareness and management of health 
risks among individuals with OSA.
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