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ABSTRACT

Purpose: To examine the association between the risk of obstructive sleep apnea (OSA) and 
atopic dermatitis (AD), in addition to the dose-response relationship between the risk of 
OSA and the prevalence of AD.
Methods: This study analyzed data from 15,095 participants aged ≥ 40 years who were part 
of the 2019–2022 Korea National Health and Nutrition Examination Survey (KNHANES). 
AD was assessed using self-reported questionnaires, and the risk of OSA was determined 
using the STOP-BANG score. Demographic distributions were analyzed by using χ2 tests, 
whereas adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using 
multivariable logistic regression analysis. The weighted prevalence of AD and 95% CIs were 
calculated to account for the complex sampling design of KNHANES.
Results: Multivariable logistic regression revealed a significant association between 
OSA risk and AD, with an OR of 2.159 (95% CI, 1.456–3.202). The weighted prevalence 
of AD increased with higher OSA risk, from 1.43% in the low-risk group to 1.74% in 
the intermediate-risk group, and 2.17% in the high-risk group (P value for trend = 0.013).
Conclusions: OSA risk was significantly associated with AD prevalence, having 
a dose-response relationship. Given the observed associations, incorporating 
OSA management into clinical strategies may warrant further investigation as a potential 
avenue for mitigating AD-related risk.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic recurrent, and multifactorial inflammatory skin disease 
characterized by pruritus, with clinical heterogeneity depending on onset age, lesion 
morphology, lesion distribution, disease severity, and long-term persistence.1,2 In AD, 
impaired epidermal barrier function could lead to increased transepidermal water loss 
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and greater susceptibility to microbes and allergens.3-6 Notably, impaired antimicrobial 
defense mechanisms, particularly against pathogens such as Staphylococcus aureus, are 
a hallmark of AD.7 A key feature of AD is the upregulation of Th2 cytokines and chemokines, 
which drive tissue inflammation and suppress the expression of proteins critical for 
epidermal differentiation and lipid synthesis.8 Several factors aggravate AD, including age, 
environmental conditions, lifestyles, cosmetic use, dietary habits, stresses, and particularly 
sleep disturbances.9-12

Sleep disturbances are a common and impactful consequence of AD, exacerbating disease 
severity and impairing quality of life. These disruptions are bidirectionally linked to 
the disease, with nocturnal pruritus and cytokine-driven inflammation disrupting sleep 
architecture, and poor sleep quality exacerbating the systemic inflammatory burden.13,14 
This interplay extends beyond dermatological outcomes, affecting broader immunological 
and neuroendocrine homeostasis.15,16 Notably, the potential influence of obstructive 
sleep apnea (OSA), a prevalent sleep disorder characterized by intermittent hypoxia and 
fragmented sleep, on AD remains underexplored. OSA triggers systemic inflammation, 
oxidative stress, and sympathetic activation, all of which may contribute to AD 
immunopathogenesis.17,18

Although previous studies have highlighted the association between sleep disorders and 
immune dysfunction, few have systematically examined the relationship between OSA and 
AD, particularly in adults. Moreover, the STOP-BANG questionnaire, a widely validated tool 
for accessing OSA risk, offers an opportunity to explore this relationship in a large-scale 
population-based context. This 8-item tool (yes/no questions) includes 4 self-reported factors 
(STOP: snoring, tiredness, observed apnea, and high blood pressure) and 4 demographic 
parameters (BANG: body mass index [BMI], age, neck circumference, and gender).19

Our study addresses notable gaps in the literature. While many studies on AD focus on 
children, we investigated adults aged ≥ 40 years, addressing the lack of data on adult 
patients with AD. Additionally, we evaluated OSA risk using the STOP-BANG questionnaire, 
emphasizing its association with AD in adults. Moreover, by utilizing nationally 
representative survey data, our study provides a comprehensive analysis of various risk 
factors contributing to this relationship.

MATERIALS AND METHODS

Data collection and study participants
This study utilized data from the Korea National Health and Nutrition Examination Survey 
(KNHANES) conducted between 2019 and 2022. The KNHANES employs a carefully designed 
sampling method and size calculation to ensure that its findings accurately reflect the entire 
Korean population, making the results serve as a representative of Korea’s overall population 
for each survey year.20 The survey was conducted over 4 years with participant numbers 
distributed as follows: 8,110 in 2019, 7,359 in 2020, 7,090 in 2021, and 6,265 in 2022. 
Individuals aged below 40 years, those without STOP-BANG scores, and those with missing 
data were excluded from the analysis. The study focused on individuals aged ≥ 40 years, 
incorporating a comprehensive range of variables, including sex, age, educational level, 
household income, current smoking status, high-risk drinking behavior, BMI, occupation, 
aerobic physical activity, risk of OSA, and history of AD (Fig. 1).
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OSA risk and STOP-BANG questionnaire
The risk of OSA was assessed using the STOP-BANG questionnaire, a validated tool for 
identifying individuals at high-risk for OSA. The questionnaire consists of 8 items: snoring, 
tiredness or daytime sleepiness, observed apneas or choking, hypertension, obesity (BMI > 
35 kg/m2), age (> 50 years), neck circumference (> 40 cm), and sex (male). Participants 
were categorized into 2 groups: low-risk for OSA (“No”) and high-risk for OSA (“Yes”). 
Individuals were classified as high-risk (“Yes”) for OSA if they met at least one of the following 
criteria: (a) answered “yes” to 5 or more questions, or (b) answered “yes” to 2 or more of 
the “STOP” questions and met at least one of the following conditions: BMI > 35 kg/m2, neck 
circumference > 40 cm, or male sex.21-23 Those who did not meet these criteria were classified 
as low-risk (“No”) for OSA.

Assessment of AD
The presence or absence of AD was determined using a single question from the health 
interview: “Have you ever been diagnosed with AD by a physician?” Participants who 
responded “yes” were categorized into the AD group. However, the assessment of AD using 
self-reported data has several limitations. It relies on the memory of the participants, which 
introduces recall bias, particularly for mild or past episodes of AD. Additionally, the diagnosis 
is subjective, as individuals may interpret symptoms and severity differently. The lack of 
clinical validation by healthcare professionals for self-reported AD further increases the risk 
of misclassification. Despite these limitations, self-reported AD has demonstrated acceptable 
validity in epidemiological studies. It strongly correlates with clinical diagnoses and is 
linked to outcomes such as asthma, allergic rhinitis, and mental health disorders, making 
it a valuable tool for understanding the prevalence and impact of AD.24,25

Covariates
The analysis considered a range of covariates, including age, categorized into 3 groups 
(40–49, 50–59, and ≥ 60 years); sex (male or female); educational attainment grouped as 
elementary school or lower, middle school, high school, or college and above; household 
income divided into quartiles (1st, 2nd, 3rd, and 4th quartiles); current smoking status 
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Korea National Health and Nutrition Examination Survey
(KNHANES) 2019–2022

(n = 28,824)

Aged 40 years or older
(n = 17,872)

Aged 40 years or older
(n = 15,333)

Exclusion
Age < 40 with no value for STOP-BAMG score

(n = 10,952)

Exclusion
Other missing value

(n = 2,539)

Fig. 1. Flow chart of the study design.



classified as yes or no; high-risk drinking behavior,defined as consuming an average of ≥ 7 
drinks per occasion for men and ≥ 5 drinks for women, at least twice per week26; occupational 
status categorized as none or working; BMI categorized based on the Asian population-
specific cutoff values into < 18.5 kg/m2, 18.5–25 kg/m2, and ≥ 25 kg/m2 based on the cutoff 
values recommended for the Asian population27; and aerobic physical activity, defined as 
performing at least 150 minutes of moderate-intensity aerobic activity per week, at least 75 
minutes of vigorous-intensity aerobic activity per week, or a combination of both intensities 
(where 1 minute of vigorous activity equals 2 minutes of moderate activity) with equal time 
allocated to each activity.28

Statistical analysis
A χ2 test was performed to examine the distribution of demographic characteristics among 
participants with AD. The association between the risk for OSA and AD was assessed 
using multivariate logistic regression analysis, which yielded adjusted odds ratios (aORs) 
and 95% confidence intervals (CIs). The analysis accounted for covariates including sex, 
age, educational level, household income, smoking status, high-risk drinking behavior, 
BMI, occupation, and aerobic physical activity. We conducted further analyses using 
weighted prevalence to explore the association between OSA risk and AD, incorporating 
a dose-response relationship. OSA risk was categorized into low, intermediate, or high 
groups, according to the total STOP-BANG score, to reflect varying levels of OSA severity. 
The weighted prevalence and 95% CIs of AD were calculated using a sampling clustering 
weight that accounted for the complex sampling design of the KNHANES. All statistical 
analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). A 2-tailed 
P value < 0.05 was considered statistically significant.

RESULTS

The KNHANES 2019–2022 dataset included 28,824 participants, of whom 17,872 were 
individuals aged ≥ 40 years with available STOP-BANG scores. After excluding cases with 
missing data, a total of 15,333 individuals were included in the final analysis. Table 1 
summarizes the general characteristics of participants with AD. The overall prevalence of 
AD in the study population aged ≥ 40 years was 1.55%. Prevalence varied by age group, with 
2.11% in those under 49 years, 1.42% in individuals aged 50–59 years, and 1.36% in those 
aged ≥ 60 years. Current smoking was significantly associated with a higher prevalence of 
AD, as was the risk for OSA. However, no significant associations were found between AD 
prevalence and factors such as sex, educational level, household income, high-risk drinking 
behavior, BMI, occupation, and aerobic physical activity.

Multivariable logistic regression analysis revealed a significant association between 
OSA risk and AD (Table 2). After adjusting for the covariates, individuals at risk for OSA had 
a significantly higher likelihood of having AD (aOR, 2.159, 95% CI, 1.456–3.202).

Fig. 2 illustrates the weighted prevalence of AD by OSA risk category. A total STOP-BANG 
score of 0–2 was classified as low-risk for OSA, 3–4 as intermediate-risk, and 5–8 as high-risk. 
The weighted prevalence of AD increased with OSA risk, from 1.43 in the low-risk group to 
1.74 in the intermediate-risk group and 2.17 in the high-risk group. The trend was statistically 
significant, with a P value of 0.013, indicating a clear association between higher OSA risk 
and increased prevalence of AD.
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DISCUSSION

This study identified a significant association between OSA risk and AD, demonstrating 
a dose-dependent relationship between OSA risk level and the weighted prevalence of AD. 
Clinically, individuals at high-risk for OSA are more likely to exhibit an increased prevalence 
of AD. These findings provide epidemiological insights into how OSA may influence the risk 
of AD.
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Table 1. Characteristics of the study participants by AD
Characteristics AD P value

No Yes
Total 15,095 (98.45) 238 (1.55)
Sex 0.382

Male 6,549 (98.35) 110 (1.65)
Female 8,546 (98.52) 128 (1.48)

Age (yr) 0.005
≤ 49 3,529 (97.89) 76 (2.11)
50–59 3,807 (98.58) 55 (1.42)
≥ 60 7,759 (98.64) 107 (1.36)

Educational level 0.239
Elementary school or lower 3,597 (98.49) 55 (1.51)
Middle school 1,875 (98.79) 23 (1.21)
High school 4,866 (98.50) 74 (1.50)
College or higher 4,757 (98.22) 86 (1.78)

Household income 0.308
1st quartile 3,344 (98.24) 60 (1.76)
2nd quartile 3,805 (98.45) 60 (1.55)
3rd quartile 3,819 (98.55) 56 (1.45)
4th quartile 4,127 (98.52) 62 (1.48)

Current smoker 0.0008
No 12,849 (98.59) 184 (1.41)
Yes 2,246 (97.65) 54 (2.35)

High-risk drinker 0.537
No 13,506 (98.47) 210 (1.53)
Yes 1,589 (98.27) 28 (1.73)

BMI (kg/m2) 0.778
< 18.5 402 (98.77) 5 (1.23)
18.5–25 9,047 (98.44) 143 (1.56)
≥ 25 5,646 (98.43) 90 (1.57)

Occupation 0.12
None 8,935 (98.58) 129 (1.42)
Working 6,160 (98.26) 109 (1.74)

Aerobic physical activity 0.169
Insufficient 9,224 (98.56) 135 (1.44)
Sufficient 5,871 (98.28) 103 (1.72)

The risk for OSA (accessed by STOP-BANG score) < 0.0001
No 13,765 (98.58) 198 (1.42)
Yes 1,330 (97.08) 40 (2.92)

Values are presented as number (%).
AD, atopic dermatitis; BMI, body mass index; OSA, obstructive sleep apnea.

Table 2. Association of the risk for obstructive sleep apnea with atopic dermatitis
The risk for OSA  
(accessed by STOP-BANG score)

Crude OR 95% CI aOR* 95% CI

No 1.000 1.000
Yes 2.092 1.482–2.951 2.159 1.456–3.202
OSA, obstructive sleep apnea; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.
*Adjusted by sex, age, educational level, household income, smoking status, high-risk drinking behavior, body 
mass index, occupation, and aerobic physical activity.



The mechanisms underlying the association between OSA and AD are complex. However, 
various plausible explanations have been proposed. Obesity, a well-known determinant 
of OSA, has been implicated as a significant risk factor for AD.29 Obesity can contribute 
to OSA pathogenesis by exerting mechanical stress on the airway and by disrupting 
upper airway neuromuscular control through systemic inflammation.30 Moreover, recent 
population-based studies have shown that it is significantly related with higher prevalence 
and severity of AD in children and adolescents.31-33 In obesity, reduced levels of adiponectin 
and PPAR-γ contribute to the overproduction of pro-inflammatory cytokines and 
chemokines, activating immune cells and driving systemic inflammation.34 This chronic 
inflammatory state, further amplified by leptin-mediated signaling, is closely linked to 
the immunopathological features of AD. Specifically, it promotes the upregulation of Th2 
cytokines and chemokines, hallmark features of AD, while suppressing regulatory T-cell 
responses.35 Additionally, obesity impairs innate antimicrobial defense mechanisms and 
increases susceptibility to pathogens such as S. aureus, thereby heightening the risk of AD.36

Hypertension, another factor contributing to OSA, has been shown to have a significant 
linear relationship with elevated interleukin (IL)-6 levels, which can induce inflammation.37 
In a mouse model of AD, S. aureus-induced severe barrier dysfunction led to the sustained 
expression of pro-inflammatory cytokines such as IL-1β, IL-6, and tumor necrosis factor-α, 
exacerbating skin inflammation.38 Therefore, an increase in pro-inflammatory cytokines may 
lead to hypertension, which acts as a key component of OSA, thereby influencing the risk of 
OSA and contributing to AD inflammation. These observations suggest that pro-inflammatory 
cytokines may mediate the complex interplay among hypertension, OSA, and AD.

Additionally, OSA induces hypoxemia, sleep fragmentation, and sympathetic nervous system 
activation, which can contribute to daytime fatigue, cognitive impairment, and psychological 
stress, including depression and anxiety.39,40 Stress is known to aggravate AD.12,41 Acute stress 
induces a rapid release of cortisol and adrenaline (or noradrenaline), which stimulates 
the production of pro-inflammatory cytokines, promoting cellular immune responses 
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and inflammation.42,43 Simultaneously, stress impairs the epidermal barrier function and 
shifts immune balance toward a Th2-dominant response, thereby potentially exacerbating 
the pathophysiology of AD.44,45 Therefore, addressing sleep disorders, such as OSA, and 
reducing the associated stress may help alleviate AD symptoms.46

The observed association between OSA and AD aligns with previous studies.47,48 In our 
analysis of adults aged ≥ 40 years, the prevalence of AD was found to decrease significantly 
with age, while current smokers had a significantly higher prevalence of AD than 
nonsmokers. Although high-risk drinking behavior, elevated BMI, employment, and optimal 
aerobic physical activity were linked to an increased prevalence of AD, these associations 
were not statistically significant. No significant correlations were found between AD and sex, 
educational level, or household income.

This study highlights important clinical implications for healthcare professionals, 
particularly dermatologists and sleep specialists, who encounter patients with AD. 
Recognizing OSA as a potential comorbidity and contributing factor to AD is particularly 
crucial for patients with persistent or severe symptoms or those experiencing sleep 
disturbances. Addressing the underlying OSA, in addition to skin-directed therapies, could 
be an essential approach. Effective management of OSA in patients with AD could improve 
treatment outcomes, enhance overall well-being, and potentially reduce the reliance on 
topical corticosteroids and other AD-specific medications. Integrating these clinical 
implications into practice will enable healthcare professionals to optimize care for patients 
with AD and improve treatment outcomes.

This study has notable strengths that contribute to the robustness and reliability of 
its findings. The use of data from the KNHANES, a nationally representative survey, 
provided a large sample of Korean adults, enhancing the statistical power of the analysis 
and improving the generalizability of the results to the broader Korean population. 
The population-based design of the KNHANES minimizes selection bias and ensures an 
accurate representation of the overall Korean adult population, enhancing the external 
validity of the findings. Moreover, the inclusion of objective OSA measures, such as apnea-
hypopnea index scores derived from polysomnography, provided a more precise and reliable 
assessment of OSA risk level compared to self-reported measures. To strengthen the validity 
of the analysis, the study adjusted for various potential confounding factors, including 
age, sex, BMI, smoking status, and alcohol consumption, thereby reducing the likelihood 
of spurious associations. Additionally, the observed dose-response relationship between 
OSA risk level and AD prevalence provides compelling evidence supporting the potential 
causal relationship between these conditions.

Despite its strength, the study has some limitations. First, OSA risk and AD diagnoses 
were based on self-reported questionnaires and STOP-BANG scores, which, although 
useful, cannot fully substitute clinical diagnostic methods and may present limitations 
regarding diagnostic accuracy. While the STOP-BANG score is not the gold standard for 
diagnosing OSA, it has demonstrated high sensitivity, making it a valuable screening 
tool for assessing OSA risk in population-based studies.23,49 A STOP-BANG score of 3 or 
higher showed sensitivities of 84%, 93%, and 100% for identifying individuals at risk for 
mild, moderate, and severe OSA, respectively.50 Secondly, this study did not assess disease 
progression, severity, or patient outcomes, limiting the ability to evaluate the relationship 
between the severity of AD and OSA risk and to derive more detailed findings. Thirdly, 
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the cross-sectional design precludes establishing a causal relationship between OSA and 
AD, making it unclear whether OSA is a risk factor for AD or vice versa. Finally, the study 
population was limited to individuals aged ≥ 40 years, which may not adequately reflect 
the association between OSA risk and AD in younger populations, where AD prevalence is 
typically higher. This could lead to an underestimation of the association. Despite these 
limitations, this study remains significant for its systematic analysis of the relationship 
between AD and OSA risk utilizing a nationally representative, large-scale dataset. Further 
research is warranted to elucidate the underlying mechanisms and long-term relationships 
among these conditions.

In conclusion, this study provides robust evidence of a significant association between 
OSA risk and AD in Korean adults, emphasizing the importance of considering OSA in 
the comprehensive management of AD. The clear dose-response relationship observed 
between OSA risk level and AD prevalence suggests that the need for further investigation 
into the potential impact of OSA on AD.

These findings, with substantial clinical implications, highlight the need for increased 
awareness among healthcare professionals, early detection, and management of OSA in 
patients with AD, and a holistic approach to AD care that addresses both skin-related issues 
and underlying comorbidities. Further research is required to elucidate the mechanisms 
linking OSA and AD and to evaluate the long-term impact of OSA treatment on AD outcomes. 
Such investigations could focus on exploring the roles of obesity, psychological stress, 
inflammatory mediators, oxidative stress, and sleep disruption in the interplay between these 
conditions. Additionally, prospective randomized controlled trials are essential to assess 
the effectiveness of various interventions, such as CPAP therapy and lifestyle modifications, 
in improving AD outcomes in patients with OSA. By integrating these findings into clinical 
practice and conducting further research, healthcare professionals can contribute to a more 
comprehensive understanding of AD and improve the quality of life for individuals affected 
by this chronic condition.
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