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Background: Chronic Obstructive Pulmonary Disease (COPD) is a major global health concern. Lifestyle factors play a pivotal role
in its prevention. This research aims to explore the possible link between Weekday Sleep Duration (WSD) and the prevalence of
COPD within the US population.

Methods: We employed data sourced from the NHANES during the 2017-2023 cycles. The research was centered around COPD.
The primary exposure variable, WSD, was grouped by quartiles. Missing values were addressed using multiple imputation. Covariates
related to WSD and COPD were pre-identified via a Directed Acyclic Graph (DAG), and highly collinear variables were removed
using the Variance Inflation Factor (VIF). Least Absolute Shrinkage and Selection Operator (LASSO) regression further screened
variables. Weighted logistic regression was employed to analyze the association between WSD and COPD. Sensitivity analysis tests
the stability and reliability of results. Nonlinear relationships were evaluated using Restricted Cubic Splines (RCS) and threshold
analysis, while subgroup analyses were performed to assess heterogeneity and validate results. Model performance was gauged by the
Area Under the Receiver Operating Characteristic Curve (AUC).

Results: After adjusting for all covariates in the weighted logistic regression analysis, we found that higher WSD was consistently
correlated with increased prevalence of COPD (P=0.012; OR=1.740; 95% CI, 1.196-2.530). The sensitivity analysis confirms the
reliability of our results. The RCS and threshold analysis results show a positive correlation between COPD and WSD (7.0-14.0 hours)
(P=0.011; OR=1.12; 95% CI, 1.03—1.22). Subgroup analysis shows that among weekend catch-up sleep (P=0.000), there is
a significant positive association between WSD and COPD prevalence. The ROC (AUC=0.811) results show that our model has
good diagnostic performance.

Conclusion: WSD of 8.5-14 hours/day is associated with higher COPD risk. Prospective studies are needed to validate this novel
insight for COPD prevention and treatment.
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Introduction

COPD has emerged as a prominent global public health concern, with a surge in prevalence, mortality rates, and financial
burden, especially in developing countries. According to the GOLD 2025 Report, the global prevalence of COPD is
estimated at 10.3%, accounting for over 3.0 million annual deaths worldwide.'* The standard diagnosis of COPD is
irreversible airflow limitation, but this criterion has to be reexamined due to the variability in clinical course, imaging,
exacerbations, and mortality, as well as the slow advancement of treatment research.> > Recently, the Lancet proposed
a radical redefinition of COPD, taking into account genetics, early-life experiences, infections, smoking, environmental
tobacco smoke, and other environmental exposures.” The Genetic Epidemiology of COPD (COPDGene) research also
formulated broader definitions for COPD, incorporating patients whose FEV1/FVC ratio remained normal but had
impaired results in spirometry tests.® These patients are identified as being at risk for developing chronic airflow
obstruction, as outlined in the most recent guidelines from the Global Initiative for Chronic Obstructive Lung Disease

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 2823-2836 2823
Received: 20 March 2025 © 2025 Tao and Ye. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 31 July 2025 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 12 August 2025


http://orcid.org/0009-0008-2591-5270
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Tao and Ye

(GOLD) and the American Thoracic Society (ATS)/European Respiratory Society (ERS) for pulmonary function testing.’
Early diagnosis of COPD is crucial as emphasized by the authors of the GOLD, Lancet, and COPDGene papers, since it
allows for timely intervention before irreparable lung damage has occurred.

Sleep plays a vital role in the recovery and growth of the body and brain, as well as in memory consolidation. According
to the Sleep Research Society (SRS) and the American Academy of Sleep Medicine (AASM), adults should aim for at least
7 hours of sleep per night.® Studies have shown that a daily sleep duration of 7 to 9 hours represents the “optimal range”.” "'
Previous studies have linked both short and long sleep durations to a range of adverse health outcomes, including metabolic

1221 2223 and respiratory conditions such as COPD.?* Understanding the specific role of

disorders, cardiovascular diseases,
sleep duration in COPD development may offer new insights into its prevention and management. Although the mechanisms
underlying this association are not fully understood, current evidence suggests that abnormal sleep duration may contribute to
COPD pathogenesis through pathways involving inflammation,” oxidative stress,® autonomic dysregulation,”” and endo-
crine imbalance.”® For instance, abnormal sleep duration may elevate levels of pro-inflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), potentially exacerbating airway inflammation in patients
with COPD.?* ! Additionally, abnormal sleep periods can disrupt circadian rhythms, affect cortisol secretion, and increase
oxidative stress, all of which may further intensify the progression of COPD.***

Moreover, few studies have examined the association between WSD and COPD in the general population. Previous
studies have often focused on weekend sleep duration or obstructive sleep apnea (OSA) without specifically examining
the impact of WSD.*>*® Elucidating this relationship not only contributes to a better understanding of the intricate
interaction between COPD and sleep patterns but also holds the potential to positively influence the formulation of
treatment strategies for COPD.

In this study, we aim to explore the possible connection between self-reported WSD and COPD in participants from
the NHANES. NHANES provides a large, nationally representative sample with detailed information on sleep patterns,
COPD status, and various covariates, allowing for robust analysis of the relationship between WSD and COPD. This
investigation will better guide the management and prevention of COPD by providing insights into how sleep patterns

may impact the development and progression of the disease.

Methods

Research Cohort

The NHANES, overseen by the Centers for Disease Control and Prevention (CDC), is a thorough examination that
gathers data on the dietary and the health conditions of both children and adults within the United States. Initiated
in 1999, NHANES has been carrying out surveys on a two-year cycle, employing a nationally representative
sample. The objective is to evaluate the nutritional status and overall health of children and adults in the United
States. The Institutional Review Board at the National Center for Health Statistics (NCHS) has granted ethical
approval for this study. Prior to taking part, every single participant provided written informed consent. We ensure
that all research for this study followed relevant rules and guidelines. We got informed consent from every
participant or their legal guardians. Also, all research abided by the Declaration of Helsinki. (https://www.cdc.gov/

nchs/nhanes/index.htm). This research incorporates information from two parts of the NHANES, spanning from

2017 to 2020 and from 2021 to 2023, involving an initial total of 25,526 participants. The criteria for participant
exclusion in our study, along with the number of participants excluded at each step, are as follows: 1) Absence of
data regarding COPD, resulting in the exclusion of 9,467 participants; 2) Lack of data on WSD, leading to the
exclusion of 176 participants; 3) Surveys with missing information or incomplete data, which led to the exclusion
of 4,034 participants. After applying these exclusion criteria, 11,849 participants remained for the final analysis,
further categorized into 938 with COPD and 10,911 without COPD. The screening process is depicted in Figure 1.

The Ascertainment of COPD
According to the GOLD 2025 report,> COPD diagnosis depends on spirometry, with a post - bronchodilator FEV1/FVC
ratio < 0.7 as the key criterion. Airflow obstruction severity has four grades: GOLD 1 (FEV1>80% predicted, mild),
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Figure | The flow chart of the included participants in this research.

GOLD 2 (50%<FEV1<80% predicted, moderate), GOLD 3 (30%<FEV1<50% predicted, severe), and GOLD 4
(FEV1<30% predicted, very severe). For dyspnea assessment, while the mMRC scale is common, the CAT is preferred
as COPD symptoms are more than just dyspnea. An mMRC grade of 2 or above still indicates more severe dyspnea. The
GOLD 2025 ABE tool groups patients into three: Group A (low risk, 0—1 exacerbations/year, no hospitalization, fewer
symptoms: mMRC 0-1 or CAT < 10), Group B (low risk, more symptoms: mMRC > 2 or CAT > 10), and Group E (high
risk, > 2 exacerbations/year or > 1 hospitalization, regardless of symptoms).8 This study used participants’ COPD status
as the dependent variable. We drew on data from the NHANES questionnaire (MCQ1600) covering 2017 to 2023. This
questionnaire asked whether participants had received a COPD diagnosis. Participants who said “yes” were grouped into
the COPD group; those who said “no” were placed in the control group.

Evaluations of Sleep Time and WSD

Between 2017 and 2023, as part of the NHANES, respondents provided answers to a series of inquiries pertaining to their
sleep habits, which allowed for the determination of their sleep patterns:' “quantity of hours usually sleep on weekdays
or workdays” and® “quantity of hours usually sleep on weekends or non-workdays.” WSD is identified as the period of
sleep time during workdays. Subsequently, it was categorized into four distinct segments based on Quartile grouping: Q1
(2.0WSD<7.0h), Q2(7.0<WSD<7.5h), Q3(7.5<WSD<8.5h), Q4(8.5<WSD<14.0h). A multitude of research on sleep
duration relies on the times reported by participants, which hold a degree of precision. In this study, the analysis was
conducted utilizing the information provided directly by the participants.

Covariates

According to clinical experience and prevailing literature, covariates were set, such as gender (male or female); age
(>20); education (9—11th grade; College graduate or above; High school graduate; Less than 9th grade; Some college or
AA degree); race (Mexican American; Non-Hispanic Asian; Non-Hispanic Black; Non-Hispanic White; Other Hispanic);
smoke (yes or no); marital status (Married/Living with partner; Never married; Widowed/Divorced/Separated); drink
(yes or no); BMI; hypertension (yes or no); diabetes (yes or no); depress (More than half the days; Nearly every day; Not
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at all; Several days); trouble sleeping (More than half the days; Nearly every day; Not at all; Several days); Number of
hours worked in the last week; Sedentary activity; Weekend catch-up sleep; Smoke (yes or no).

Statistical Analyses

In this study, we utilized the R open-source statistical software, version 4.4.1, to explore the link between WSD and COPD.
Given the intricacies of the survey design, we applied descriptive statistics to process the weighted data. The designated sample
weights for our research were obtained from the datasets “WTMECPRP - Comprehensive 3-year MEC examination weights” for
the years 2017 to 2020, and “WTMEC2YR - Comprehensive MEC examination weights” for the period from 2021 to 2023. The
study’s demographic details, encompassing both continuous and categorical variables, were presented with mean values and their
corresponding standard errors (SE) for the former, and frequencies with percentage distributions for the latter. Each set of data
was complemented by a 95% confidence interval. Comparative analyses of the initial subject attributes were performed using
t-tests for continuous variables and chi-square tests for categorical variables. Multiple imputation was used to handle missing
covariate data and reduce bias from missingness. Covariates associated with WSD and COPD were pre-identified via DAG to
exclude spurious associations. The VIF was applied to eliminate highly collinear variables, and LASSO regression further
simplified the model. Then, put the selected data into multivariate logistic regression. Add confounding factors step by step to
figure out the link between WSD and COPD. Three models were constructed: Model 1 (unadjusted); Model 2 (adjusted for
Gender, Age, Race, Education, Marital, BMI, Weekend catch-up sleep); and Model 3 (adjusted for selected covariates, including
the above plus Hypertension, Diabetes, Trouble sleeping, Number of hours worked in the last week, Sedentary activity, Weekend
catch-up sleep, Drink, Smoke). Sensitivity analysis was then used to verify the stability of our model. Next, we further performed
stratification and interaction analyses by all variables and plotted the associated forests. In addition, we combine the RCS curve
and threshold analysis to flexibly and accurately describe nonlinear relationships between WSD and COPD. Finally, the
diagnostic performance of the selected variable model was evaluated using the AUC.

Results

Description of Participant Characteristics

This study comprised a sample of 11,849 individuals, reflecting approximately 0.0036% of the American population.
Table 1 presents the characteristics of participants (Q1(2.0<WSD<7.0h), Q2(7.0<WSD<7.5h), Q3(7.5<WSD<8.5h), Q4
(8.55WSD<14.0h)). The group with WSD from 8.5 to 14 h per day had higher prevalence of COPD compared to other
groups. The WSD from 8.5 to 14 hours per day of 2598 people account for 21.9% of the total population (Table 1).

Variable Preselection and Collinearity Assessment

To ensure model accuracy and reliability before developing a LASSO model, we used DAG (Figure 2A) to pre-identify
covariates with plausible causal links to WSD and COPD, removing spurious associations. We evaluated collinearity via

Table | Features of the Participants in the NHANES 2017-2023 Cycles (n = |11,849)

Variable Level Overall COPD P value
No Yes
N 11849 10,911 938
Gender Female 6260 (52.8) 5749 (52.7) 511 (54.5) 0.308
Male 5589 (47.2) 5162 (47.3) 427 (45.5)
Age.mean.SD. 51.79 (17.36) 50.97 (17.35) 61.27 (14.42) <0.001
Race Mexican American 1196 (10.1) 1163 (10.7) 33 (3.5 <0.001
Non-Hispanic Asian 1051 (8.9) 1029 (9.4) 22 (2.3)
Non-Hispanic Black 2557 (21.6) 2366 (21.7) 191 (20.4)
Non-Hispanic White 5795 (48.9) 5178 (47.5) 617 (65.8)
Other Hispanic 1250 (10.5) 1175 (10.8) 75 (8.0)
(Continued)
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Table | (Continued).

Variable Level Overall COPD P value
No Yes
Education 9-11th grade 1092 (9.2) 957 (8.8) 135 (14.4) <0.001
College graduate or above 3603 (30.4) 3480 (31.9) 123 (13.1)
High school graduate 2719 (22.9) 2437 (22.3) 282 (30.1)
Less than 9th grade 664 (5.6) 612 (5.6) 52 (5.5)
Some college or AA degree 3771 (31.8) 3425 (31.4) 346 (36.9)
Marital Married/Living with partner 6753 (57.0) 6318 (57.9) 435 (46.4) <0.001
Never married 2342 (19.8) 2204 (20.2) 138 (14.7)
Widowed/Divorced/Separated 2754 (23.2) 2389 (21.9) 365 (38.9)
Drink No 1066 (9.0) 1016 (9.3) 50 (5.3) <0.001
Yes 10783 (91.0) 9895 (90.7) 888 (94.7)
BMl.mean.SD. 29.90 (7.37) 29.76 (7.19) 31.59 (9.03) <0.001
Hypertension No 7418 (62.6) 7036 (64.5) 382 (40.7) <0.001
Yes 4431 (37.4) 3875 (35.5) 556 (59.3)
Diabetes No 10084 (85.1) 9417 (86.3) 667 (71.1) <0.001
Yes 1765 (14.9) 1494 (13.7) 271 (28.9)
Depress More than half the days 553 (4.7) 472 (4.3) 81 (8.6) <0.001
Nearly every day 386 (3.3) 311 (2.9) 75 (8.0)
Not at all 8575 (72.4) 8030 (73.6) 545 (58.1)
Several days 2335 (19.7) 2098 (19.2) 237 (25.3)
Trouble sleeping More than half the days 933 (7.9) 824 (7.6) 109 (11.6) <0.001
Nearly every day 1056 (8.9) 887 (8.1) 169 (18.0)
Not at all 6807 (57.4) 6412 (58.8) 395 (42.1)
Several days 3053 (25.8) 2788 (25.6) 265 (28.3)
Number of hours worked in the 323.78 (5237.99) 304.45 (5059.22) 548.69 (6988.92) | 0.171
last week.mean.SD.
Sedentary activity.mean.SD. 387.87 (661.71) 384.53 (654.96) 426.77 (734.93) 0.061
Weekday Sleep Duration Ql 4754 (40.1) 4374 (40.1) 380 (40.5) <0.001
Q2 1249 (10.5) 1169 (10.7) 80 (8.5)
Q3 3248 (27.4) 3034 (27.8) 214 (22.8)
Q4 2598 (21.9) 2334 (21.4) 264 (28.1)
Weekend catch-up sleep.mean.SD 8.24 (1.73) 8.27 (1.69) 791 (2.06) <0.001
Smoke No 7008 (59.1) 6767 (62.0) 241 (25.7) <0.001
Yes 4841 (40.9) 4144 (38.0) 697 (74.3)

Notes: Bold values indicate statistical significance (p < 0.05).
Abbreviation: NHANES, National Health and Nutrition Examination Survey.

VIF and excluded variables with VIF >5 to simplify the model. Figure 2B shows that Depress had the highest VIF (5.0),
indicating strong collinearity, and will be excluded to reduce model impact.

Covariate Selection Using LASSO

We utilized the LASSO regression model to predict the hazard of COPD. As a regularization approach, LASSO reduces
model complexity, avoids overfitting, and performs variable selection by adding an L1 penalty term to the loss function.
This gives it a distinct advantage over traditional linear regression, which tends to produce unstable estimates when
multicollinearity exists. Using the “cv.glmnet” function from the “glmnet” package, we carried out cross-validation to
identify the optimal penalty parameter “lambda”. The best “lambda” value, determined by minimizing the cross-
validation error, is 0.0003998152. However, it is important to note that the selection of the optimal lambda is highly
dependent on the cross-validation process, which may introduce some variability in the results. Figure 2C, the Coefficient
Path Plot, illustrates how the coefficient of each variable in the model changes with different regularization strengths
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Figure 2 (A) Directed Acyclic Graph (DAG) for pre-identifying covariates. (B) Conduct Variance Inflation Factor (VIF) detection for all variables. (C) LASSO regression path
plot. (D) LASSO |0-fold cross-validation plot. (E) The Receiver Operating Characteristic (ROC) curve of the model with selected variables (excluding the depression variable).
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(Log Lambda). The X-axis represents Log Lambda (ranging from 8 to 3; higher values indicate stronger regularization),
and the Y-axis shows the coefficient values (spanning from - 0.5 to 1.5), reflecting the direction and magnitude of the
variable’s impact on the model’s predictions. Each line traces the trajectory of a variable’s coefficient as Log Lambda
changes. The variables (numbered 1-16) see their coefficients gradually shrink toward zero as regularization strength
increases, which simplifies the model and reduces overfitting. Variables whose coefficients remain non-zero over
a relatively wide range of Log Lambda values are considered more crucial for prediction. Figure 2D, the Cross-
validation Plot, demonstrates the model’s cross-validation performance under different Log Lambda values to guide
the selection of the optimal regularization strength. Here, the X-axis is Log Lambda (8 to 3), and the Y-axis is binomial
deviance (ranging from 0.46 to 0.56; lower values indicate a better fit). Red dots plot the deviance at each Lambda, and
error bars show the standard error. As Lambda increases (and the model becomes simpler), the deviance may rise,
reflecting a trade-off between complexity and fit. A stable deviance around a certain range of Lambda values suggests the
model’s robustness within that range. However, the reliance on cross-validation deviance to determine the optimal
lambda may not always capture the most clinically relevant predictors, as it prioritizes model fit over potential clinical
significance. After weighting all variables, we ran the LASSO regression on predictors excluding the weighted/outcome
variables, identifying 16 variables. Notably, no variables were excluded because their coefficients did not shrink to zero,
confirming that all filtered covariates are strongly associated with COPD. For a more parsimonious model, “lambda.lse”
could be used; however, our analysis retained all impactful predictors for robustness. While this approach ensures that no
potentially important variables are omitted, it may also result in a more complex model than necessary, which could
complicate clinical interpretation. In short, LASSO effectively refined our COPD hazard prediction model, balancing
complexity and predictive power while validating variable relevance, with all 16 selected covariates proving integral to
the outcome. However, the highly collinear variable “depress” was excluded via VIF analysis, leaving 15 variables for
multivariable logistic regression.

ROC Curve Analysis of Our Selected Variable Model

Figure 2E presents the ROC curve for our selected variable (excluding the depression variable by VIF) model applied to
a binary classification task. The model’s AUC is 0.811 (95% CI: 0.786—-0.835), demonstrating robust discriminative power.
The curve’s position above the diagonal line indicates superior classification performance compared to random guessing,
with higher sensitivity and lower false positive rates. This suggests that our model possesses good diagnostic efficacy.

WSD Changes and COPD

Our weighted multivariate logistic regression analysis (Table 2) shows that longer WSD is linked to a higher COPD risk.
In Model 1, the top WSD quartile (Q4) had a significant risk increase (OR = 1.457, 95% CI = 1.144-1.856, p = 0.004).
This significance persisted in Model 2 (OR = 1.853, 95% CI = 1.280-2.683, p = 0.003) and Model 3 (OR = 1.740, 95%
CI = 1.196-2.530, p = 0.012), indicating a robust association between longer WSD and COPD risk.

Table 2 Multivariate Logistic Regression Analysis of the Linkage Between WSD and COPD

WSD Modell Model2 Model3

OR(95% CI) P value | OR(95% CI) P value | OR(95% CI) P value
Ql ref ref ref
Q2 1.018(0.751-1.379) | 0.910 1.185(0.870-1.612) | 0.293 1.337(0.968-1.820) | 0.101
Q3 0.876(0.674-1.138) | 0.328 1.159(0.884-1.519) | 0.296 1.241(0.947-1.628) | 0.140
Q4 1.457(1.144-1.856) | 0.004 1.853(1.280-2.683) | 0.003 1.740(1.196-2.530) | 0.012
P for trend | 0.051 0.004 0.007

Notes: Model |, unadjusted. Model 2, adjust for gender, age, race, education, marital, BMI, weekend catch-up sleep. Model 3, adjust for
gender, age, race, education, marital, BMI, drink, hypertension, diabetes, trouble sleeping, number of hours worked in the last week,
sedentary activity, weekend catch-up sleep, smoke. Bold values indicate statistical significance (p < 0.05).

Abbreviations: Cl, confidence interval; OR, odds ratio; WSD, Weekday Sleep Duration.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 2829



Tao and Ye

Compared to the lowest quartile (Q1), the risk of COPD in Q4 increased by 46% in Model 1 (OR = 1.457; 95% CI =
1.144-1.856; p = 0.004), by 85% in Model 2 (OR = 1.853; 95% CI = 1.280-2.683; p = 0.003), and by 74% in Model 3
(OR = 1.740; 95% CI = 1.196-2.530; p = 0.012). Additionally, the P-values for trend were significant across all models
(Model 1: p=0.051; Model 2: p = 0.004; Model 3: p = 0.007), further supporting a significant dose-response relationship
between WSD and the risk of COPD.

Covariate-Independent Exposure Effect

Figure 3 Sensitivity analysis forest plot generated using the “survey” and “ggplot2” packages. The plot demonstrates that the
OR and its 95% confidence interval for the exposure variable are hardly affected by the sequential exclusion of each covariate.
This finding indicates that the robustness of our model outcomes is not contingent upon the inclusion of specific covariates.
Additionally, we have included the following contents in the supplementary files: (1) Pattern diagram of data missingness and

the process of multiple imputation (Figure S1 and Table S1); (2) Variables retained by Lasso regression and their correspond-

ing coefficients; (3) A summary table of all abbreviations; (4) Supplementary variable analysis; (5) Sensitivity Analysis Table.

Hierarchical Analysis, Interaction Effects, and Forest Plot

The interaction P-value for “Weekend catch-up sleep” is 0.000, indicating a highly significant interaction between
weekend catch-up sleep and WSD in influencing the risk of COPD. Specifically, as shown in Table 3 and Figure 4, there
is a significant positive association between WSD and COPD prevalence when considering weekend catch-up sleep. This

Sensitivity Analysis of Exposure Effect
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Figure 3 Sensitivity analysis of covariate exclusion effects.
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Table 3 Hierarchical Analysis and Interaction Effects

Variable Group Estimate | Std. Error | t value | P value | P for
interaction

Gender Female —0.005 0.051 —0.089 | 0.930 0.969
Male —0.002 0.041 —-0.056 | 0.956

Age <50 —0.001 0.071 —0.016 | 0.988 0.980
=50 0.001 0.039 0.017 0.987

Race Mexican American 0.028 0.139 0.199 0.843 0.291
Non-Hispanic Asian —-0.150 0.195 —0.770 | 0.447
Non-Hispanic Black 0.038 0.060 0.633 0.530
Non-Hispanic White 0.004 0.051 0.083 0.934
Other Hispanic —0.198 0.075 —2.629 | 0.012

Education Less than 9th grade —0.081 0.092 -0.877 | 0.386 0.091
College graduate or above 0.223 0.107 2.088 0.043
9-11th grade (Includes |2th grade with no diploma) | —0.046 0.054 —0.844 | 0.404
Some college or AA degree 0.054 0.053 1.002 0.323
High school graduate/GED or equivalent —0.057 0.062 —0.922 | 0.362

Marital Married/Living with partner 0.043 0.062 0.693 0.492 0.473
Never married —-0.122 0.148 —0.827 0.413
Widowed/Divorced/Separated 0.020 0.060 0.341 0.735

Drink No —0.050 0.109 —0.460 | 0.648 0.559
Yes 0.008 0.036 0.235 0815

BMI Ql —0.052 0.082 —0.635 | 0.529 0.653
Q2 0.002 0.073 0.027 0.979
Q3 0.079 0.066 1.194 0.240
Q4 0.006 0.066 0.085 0.932

Hypertension No 0.021 0.072 0.294 0.770 0.758
Yes —0.009 0.049 -0.184 | 0.855

Diabetes No —0.004 0.050 —0.080 | 0.937 0.975
Yes —0.001 0.062 —0.022 | 0.982

Depress More than half the days 0.008 0.059 0.137 0.892 0.824
Nearly every day 0.076 0.091 0.844 0.404
Not at all —0.021 0.059 -0362 | 0.719
Several days —0.003 0.087 —0.030 | 0.976

Trouble sleeping More than half the days 0.052 0.067 0.781 0.439 0.912
Nearly every day 0.030 0.061 0.485 0.630
Not at all 0.040 0.057 0.689 0.495
Several days —0.016 0.102 —0.157 | 0.876

Number of hours worked Ql —0.050 0.066 —0.760 | 0.452 0.790

in the last week Q2 0.053 0.054 0.981 0.333
Q3 —0.005 0.116 —0.040 | 0.969
Q4 0.004 0.097 0.041 0.968

Sedentary activity Ql —0.159 0.082 —1.947 | 0.059 0.098
Q2 0.010 0.059 0.169 0.866
Q3 0.058 0.085 0.685 0.497
Q4 0.113 0.082 1.389 0.173

Weekend catch-up sleep | QI —0.240 0.062 —3.843 0.000 0.000
Q2 0.195 0.083 2.355 0.024
Q3 0.393 0.083 4.758 0.000
Q4 0.256 0.049 5.194 0.000

Smoke No —0.054 0.055 -0.988 | 0.329 0.088
Yes 0.049 0.038 1.293 0.204

Notes: All variables were adjusted for each element and analyzed. Divide all numeric variables into quartiles, while keeping categorical variables unchanged. Bold values
indicate statistical significance (p < 0.05).
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Variable Group OR (95% CI) pvalue Interaction_pvalue

Gender Female L 2l 0.995 (0.900 to 1.101) 0.930 0.969
Male - 0.998 (0.921 to 1.081) 0.956

Age <50 —— 0.999 (0.868 to 1.149) 0.988 0.980
>=50 o 1.001 (0.926 to 1.081) 0.987

Race Mexican American '— — 1.028 (0.783 to 1.351) 0.843 0.291
Non-Hispanic Asian —_—— 0.861 (0.587 to 1.261) 0.447
Non-Hispanic Black '-‘ =) 1.039 (0.923 to 1.170) 0.530
Non-Hispanic White ot 1.004 (0.908 to 1.110) 0.934
Other Hispanic ! 0.821 (0.708 to 0.951) 0.012

Education Less than 9th grade v—0~:—< 0.922 (0.770 to 1.105) 0.386 0.091
College graduate or above —e—>  1.250 (1.014 to 1.541) 0.043
9-11th grade (Includes 12th grade with no diploma) e 0.955 (0.860 to 1.062) 0.404
Some college or AA degree '—H 1.055 (0.950 to 1.172) 0.323
High school graduate/GED or equivalent ot 0.944 (0.836 to 1.066) 0.362

Marital Married/Living with partner v—Q—i 1.044 (0.925 to 1.178) 0.492 0.473
Never married '—O——< 0.885 (0.662 to 1.183) 0.413
Widowed/Divorced/Separated '-Q—' 1.021 (0.908 to 1.147) 0.735

Drink No — _. 0.951 (0.768 to 1.178) 0.648 0.559
Yes r:* 1.008 (0.940 to 1.082) 0.815

BMI Q1 —— 0.949 (0.809 to 1.114) 0.529 0.653
Q2 —— 1.002 (0.868 to 1.157) 0.979
Q3 o— 1.082 (0.950 to 1.233) 0.240
Q4 b 1.006 (0.883 to 1.145) 0.932

Hypertension No —— 1.021 (0.887 to 1.177) 0.770 0.758
Yes r-0-¢ 0.991 (0.900 to 1.091) 0.855

Diabetes No 2l 0.996 (0.903 to 1.099) 0.937 0.975
Yes '-0—' 0.999 (0.885 to 1.127) 0.982

Depress More than half the days o 1.008 (0.898 to 1.132) 0.892 0.824
Nearly every day ——i 1.079 (0.904 to 1.289) 0.404
Not at all - 0.979 (0.871 to 1.099) 0.719
Several days '—0—4 0.997 (0.841 to 1.183) 0.976

Trouble sleeping More than half the days »—0—' 1.054 (0.924 to 1.202) 0.439 0.912
Nearly every day o 1.030 (0.913 to 1.162) 0.630
Not at all o 1.040 (0.930 to 1.164) 0.495
Several days ——t 0.984 (0.805 to 1.203) 0.876

Number of hours worked in the last week Q1 o 0.951 (0.836 to 1.082) 0.452 0.790
Q2 '-rO-' 1.055 (0.948 to 1.173) 0.333
Q3 —— 0.995 (0.793 to 1.250) 0.969
Q4 r—0—4 1.004 (0.831 to 1.213) 0.968

Sedentary activity Q1 - 0.853 (0.726 to 1.001) 0.059 0.098
Q2 »—: - 1.010 (0.900 to 1.134) 0.866
Q3 - — 1.060 (0.898 to 1.251) 0.497
Q4 '- — 1.120 (0.955 to 1.314) 0.173

Weekend catch-up sleep Q1 o 0.787 (0.696 to 0.889) <0.001 <0.001

Q2 —e—  1.215(1.033 to 1.429) 0.024
Q3 | e 1482(1260101743)  <0.001
Q4 e 1.292 (1.173 to 1.423) <0.001

Smoke No [ 0.947 (0.850 to 1.055) 0.329 0.088
Yes o 1.050 (0.975 to 1.131) 0.204

T | I
0.5 1 1.5

Figure 4 Subgroup and interaction analysis of WSD and COPD by all groups.

suggests that weekend catch-up sleep may play a modifying role in the relationship between WSD and COPD risk. In
contrast, interactions between other variables in the table and WSD did not reach statistical significance.

Non-Linear Relationship and Threshold Analysis Results
To examine the non-linear relationship between WSD and the risk of COPD, we utilized the RCS model based on the
“rms” package. The chart generated using the “ggplot2” package shows a U-shaped curve, indicating that the relationship
between WSD and COPD risk is likely not linear. The overall model P-value is less than 0.001, which confirms the
statistical significance of the model, suggesting a significant association between WSD and COPD risk. Additionally, the
P-value for the non-linearity test is also less than 0.001, further confirming that this association has a significant non-
linear characteristic, meaning that the relationship between the two variables is not a simple linear one (Figure 5).
There is a threshold effect in the association between the continuous variable of WSD and the discrete variable of
COPD (P for likelihood test <0.001). No association was found between WSD and COPD when the number of WSD was
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Figure 5 Nonlinear relationship between WSD and COPD: restricted cubic spline analysis, with node at 7.0 h.

below 7. However, when the number of WSD was >7 and <14, a positive association was observed between WSD and
COPD, with an odds ratio (OR) and its 95% confidence interval (CI) of 1.12 (1.03—1.22) (Table 4).

Discussion

Before studying COPD risk, it is important to understand how sleep duration relates to chronic diseases. This study uses
NHANES data to explore the link between WSD and COPD prevalence. Results show a clear positive association
between WSD and higher COPD risk.

In weighted logistic regression, WSD (8.5-14.0 hours) correlates significantly with COPD prevalence, whether
covariates are unadjusted, adjusted for demographics, or fully adjusted. RCS curves and threshold analyses reveal a non-
linear relationship between WSD and COPD, with an inflection point at 7.0 hours. When WSD exceeds 7.0 hours, COPD
risk rises as WSD increases (up to 14.0 hours). This is consistent with the findings from weighted logistic regression.
Specifically, WSD in the 8.5-14.0 hour range is linked to significantly higher COPD risk. Sensitivity analyses, showing
robustness with individual covariate exclusions, further validate the reliability of our conclusions.

Subgroup analyses further confirm a positive correlation between WSD and COPD prevalence, particularly when weekend
catch-up sleep is considered. This highlights the importance of keeping WSD within a healthy range for lung health.

Before variable screening, we used DAG to assess covariate relationships and VIF to check for multicollinearity. Variables
with a VIF of 5 or higher were excluded. LASSO regression was then used to select key variables, reducing overfitting risk and
simplifying the model. Finally, The ROC (AUC=0.811) confirmed the good diagnostic ability of our model.

Table 4 Threshold Analysis Result

Outcome Effect P
Model | Fitting model by standard linear regression 1.03 (0.97-1.09) | 0.324
Model 2 Fitting model by two-piecewise linear regression
Inflection point 7
<7 0.92 (0.80-1.06) | 0.253
=7 1.12 (1.03-1.22) | 0.011
P for likelihood test <0.001

Notes: adjust for gender, age, race, education, marital, BMI, drink, hypertension, diabetes, depress,
trouble sleeping, number of hours worked in the last week, sedentary activity, weekend catch-up sleep,
smoke. Bold values indicate statistical significance (p < 0.05).
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Looking at the articles published to date, sleep issues have been associated with various health risks. However, the
relationship between COPD and WSD has not been mentioned, making this area of research relatively unexplored.
Notably, Chuntian Lu et al’’ demonstrated that both short and long sleep durations correlate with elevated risks of
common chronic diseases among women aged 18 to 64. Zhishen Ruan et al*® found that sleep duration of less than
7.5 hours was negatively associated with cough and dyspnea, whereas sleep duration exceeding 7.5 hours was positively
correlated with these conditions. Unlike their clinically based research, our study shifts focus from general sleep duration
to quantified WSD. By employing RCS modeling combined with threshold analysis, we found that long sleep—defined
as 7 to 14 hours—is linked to increased COPD risk, whereas short sleep (less than 7 hours) shows no significant
association with COPD. These findings partially align with their conclusions but also have some differences. In addition,
our study features more comprehensive statistical methods and yields more quantitative and meticulous distinction
results, and the data year used in our research is more recent.

The factors underlying the interaction between sleep and COPD are highly complex, potentially involving the inflamma-

3 and genetic factors.*® While our study provides important insights into the

tion hypothesis,”® biochemical pathways,
relationship between sleep health (including duration and quality) and COPD, it underscores the need for future research to
unravel these intricate mechanisms. Moving forward, multi-center, multi-sample big data research is essential to deepen our
understanding of this association. In particular, future studies should prioritize longitudinal designs to establish temporal
relationships and causality, mechanistic investigations to elucidate biological pathways, and interventional trials to assess
whether improving sleep health mitigates COPD risk. Additionally, more granular analyses of pulmonary function, disease
staging, and occupational exposures would further refine our knowledge. This study has several limitations. The cross-
sectional design precludes causal inference, and self-reported data may introduce measurement bias. Despite adjusting for
numerous confounders, residual confounding remains possible. While valuable, our reliance on secondary NHANES data
imposes constraints—including missing variables, inconsistent definitions, and potential timeliness issues—that may affect
generalizability. Future work should validate these findings using primary data or integrated datasets with standardized
measures of sleep and COPD phenotypes. By addressing these gaps, researchers can advance this emerging field and inform

strategies to reduce COPD risk through sleep-focused interventions.

Conclusion

By analyzing NHANES data from 2017 to 2023, an association was found between WSD of 8.5 to 14 hours per day and
increased COPD risk. Clinically, it is advisable for physicians to inquire about sleep habits among individuals at high risk
of COPD. From a public health perspective, in addition to the well-established risks of insufficient sleep, targeted health
education initiatives could highlight the potential adverse effects of excessively prolonged sleep on pulmonary health
among adult populations.

Highlights

e Weekday sleep duration is associated with an increased risk of COPD.

e The combination of DAG, VIF, and LASSO demonstrates superior variable selection capability, effectively avoiding
overfitting and including irrelevant variables.

e Weekday sleep duration offer new guidance for preventing and treating COPD.

e Further clinical trials are needed to investigate the effectiveness of Weekday sleep duration.

Data Sharing Statement

All data from this study, whether generated or analyzed, are in this published article and its supplementary files.

Ethics Approval and Consent to Participate

Due to the de-identification of participants in the NHANES database, all participants in NHANES have written and
signed the informed consent, consistent with and deemed by the National Center for Health Statistics Institutional
Review Board (NCHSIRB) (Protocol #2021-05 Protocol #2018-01 Protocol #2011-17), the IRB of the study University
(Guizhou Medical University) waived both IRB review and informed consent by the participants for the present study.
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