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Associations between nocturnal bedtime 2
and asthma among adults in the United States

Huawei Zhuang''®, Xin Huang'", Hui Huang? and Lizhong Guo'

Abstract

Background Sleep disorders have a significant impact on asthma. The aim of this study was to explore the
association between nocturnal bedtime and asthma among adults in the United States.

Methods This study was a cross-sectional analysis involving 11,475 participants from the National Health and
Nutrition Examination Survey (NHANES) during the period of 2015-2018. Nocturnal bedtime was categorized into
three distinct groups: 2100 h or earlier, between 2100 h and 2300 h, and 2300 h or later. The association between
night bedtime and asthma was detected using multivariable logistic regression analyses. Additionally, subgroup
analyses were conducted to assess the impact of subgroups.

Results After adjustment for confounders, a positive association was revealed between later bedtime (after 2300 h)
and the prevalence of asthma (OR=1.20, 95%Cl: 1.01-1.43). In the subgroup analysis, the following factors were
associated with increased risk: 18-39 years (OR=1.23, 95%Cl: 1.02-1.48); female sex (OR=1.30, 95%Cl: 1.01-1.68);
Hispanic patients (OR=1.66, 95%Cl: 1.17-2.37), heavy drinkers (OR=1.52, 95%Cl: 1.17-1.96); Body Mass Index

(BMI) (<25 kg/m2) (OR=1.45,95%Cl: 1.13-1.87); vigorous physical activity (OR=1.32, 95%Cl: 1.05-1.65);Significant
interactions were found between nocturnal bedtime and asthma based on age, sex, eosinophils (EOS) percent and
depression ( < 0.05).

Conclusion Our results confirmed a moderately increased risk of asthma attributed to later bedtime, especially in
18-39 years, women and patients of Hispanic ethnicity. Future studies should investigate the underlying mechanisms
of this association and explore the clinical implications for asthma management.
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Introduction

Asthma is a prevalent and chronic respiratory disease
affecting approximately 339 million people with at least
250,000 deaths per year, which results in substantial mor-
bidity and increased annual healthcare burden [1-3]. The
prevalence of asthma is 10-18% in different countries,
with a dramatic rise over the past decade [4, 5]. It is nec-
essary to take appropriate measures to prevent and treat
asthma. Previous studies found that obesity, metabolic
syndrome, diabetes, cigarette smoking, and allergic rhini-
tis are associated with an increased risk of asthma [6-9].
Sleep disorders such as chronic insomnia symptoms [10]
and insufficient sleep [11] have been found to have a sig-
nificant impact on the development of asthma [12].

Bedtime at night is a behavioral habit affected by bio-
logical and sociological factors [13]. The influence of
bedtime on circadian rhythms has been proposed, with
any disturbance to these rhythms potentially increasing
the susceptibility to health-related complications [14].
Numerous observational studies have demonstrated a
significant association between bedtime and various
health outcomes including obesity [15] and depression
[16] in children and adolescents, and non-alcoholic fatty
liver disease [17], angina pectoris [18], and type 2 dia-
betes [19] in adults. Only two studies [20, 21] have been
conducted to identify the associations of late bedtime
with asthma, but these studies are limited to children
under the age of 12 years.

The relationship between night bedtime and asthma
has been rarely reported among adult individuals. To
address this research gap, we aimed to explore the cor-
relation between nocturnal bedtime and asthma by

Page 2 of 9

utilizing a considerably extensive sample cohort of adults
in the United States.

Methods

Study population

NHANES [22] is a cross-sectional survey that aims to
acquire nationally representative estimates of the health
and nutritional status of the non-institutionalized civilian
population.

A total of 19,225 participants completed all surveys
from 2015 to 2018, which included questions on demo-
graphics, body measures, daily alcohol drinking, physical
activity, medical conditions, sleep disorders, smoking,
high-sensitivity C-reactive protein, complete blood
count, depression, health insurance and urine pregnancy
test data. Finally, 11,475 participants were included
for the final analysis after excluding 7,750 individuals.
The exclusion criteria were as follows: (a) age<18 years
(n=7,377); (b) pregnant women (n=120); (c) missing
bedtime data or bedtime between 0800 h and 1800 h
(n=243); and (d) incomplete asthma survey (n=10)
(Fig. 1).

All related data came from the open NHANES data-
base, and no asthmatics were required to be recruited.
NHANES study was approved by the IRB the of the
National Center for Health Statistics of the U.S. Centers
for Disease Control and Prevention. The Institutional
Review Board at Nanjing University of Chinese Medicine
exempted the study from review.
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Fig. 1 Flow chart of included population
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Study variables

Primary exposure

The determination of nocturnal bedtimes was based on
the following question (NHANES questionnaire variables
SLQ300): “Usual sleep time on weekdays or workdays”
and were categorized into three distinct groups: 2100 h
or earlier, between 2100 h and 2300 h, and 2300 h or later
[23].

Outcomes

Bronchial asthma is a heterogeneous disease character-
ized by chronic inflammation of the airways, which is
associated with airway hyperresponsiveness. It typically
presents with widespread and variable reversible expira-
tory airflow restriction, leading to recurrent symptoms
such as wheezing, shortness of breath, chest tightness,
and/or cough, with varying intensity over time. The
diagnosis of asthma typically requires a comprehensive
assessment of various clinical features and test results,
but there is no single “gold standard” for a definitive diag-
nosis. To determine asthma, Self-reported asthma was
determined using the NHANES questionnaire variables
MCQO010 “Ever been told you have asthma: yes/no” or
MCQO035 “Still have asthma: yes/no”

Covariates

After conducting a covariate check and screening using
Empowerstats software, covariates were selected based
on the criterion that their inclusion or exclusion in the
complete model resulted in a change of the regression
coefficient of X by more than 10%. We also collected
sociodemographic characteristics and other covari-
ates as potential confounding factors; age, sex, and race
were the first factors to be considered. The current study
classified age into three groups, namely 18-39, 40-59,
and =60 years. Race/ethnicity was classified as His-
panic, Non-Hispanic White, Non-Hispanic Black, Non-
Hispanic Asian, and other races (American Indian or
Alaska Native, Native Hawaiian or other Pacific Islander,
and multiracial persons). BMI (kg/m?) was classified
as <25.0 kg/m?, 25.0-30.0 kg/m?, 30.0-35.0 kg/m? and
>35.0 kg/m>.

In the current study, covariates were ascertained based
on known confounders from previously described meth-
ods and clinical practice. Smoking was classified as never,
former (quit smoking), or current (smoking now and
smoked at least 100 cigarettes per year). Based on the
criteria of the National Institute on Alcohol Abuse and
Alcoholism (NIAAA), alcohol consumption was catego-
rized as moderate (1-2 drinks/day for men or 1 drink/
day for women), or heavy (=3 drinks/day for men or >2
drinks/day for women). Furthermore, in accordance with
the Physical Activity Guidelines recommendation, physi-
cal activity was categorized into three distinct levels:
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active (=75 min/week of vigorous or 2150 min/week of
moderate physical activity), less active (<75 min/week of
vigorous or <150 min/week of moderate physical activ-
ity), and inactive (no physical activity). Moreover, the
percentage of eosinophils (EOS) was classified into three
categories: <4%, 4—15%, and 15-50%. The Patient Health
Questionnaire-9 (PHQ-9) [24] was utilized as a screen-
ing tool for identifying depressive symptoms. Compris-
ing nine items aligned with the diagnostic criteria for
depressive disorders, the PHQ-9 is recognized for its
reliability and validity in assessing the severity of depres-
sion. Scores falling within the range of 0 to 4 typically
suggest the absence of a depressive disorder. Participants
were classified into two groups: those without depression
(no depressive spectrum disorder; PHQ-9 score 0-4)
and those with depression (indicating a high likelihood
of a depressive spectrum disorder diagnosis; PHQ-9
score>5). Participants reported their health insurance
coverage (“yes” or “no”) from any source (e.g., private
individual insurance, employer provided, Medicare,
Medicaid, and Veteran’s Administration). Include health
insurance obtained through employment or purchased
directly as well as government programs like Medicare
and Medicaid that provide medical care or help pay med-
ical bills.

Statistical analysis
The data were classified as either categorical or continu-
ous variables. The variables were represented as weighted
meantSD or weighted % (95% confidence interval). To
assess differences in clinical characteristics among vari-
ous groups, the weighted chi-square test was employed
for categorical variables, while the weighted linear regres-
sion model was utilized for continuous variables.
Univariable and multivariable logistic regression mod-
els were employed to calculate the odds ratio (OR) and
95% confidence interval (CI) to elucidate the risk fac-
tors associated with the occurrence of asthma. In accor-
dance with the guidelines outlined in the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement [25], an independent association
was conducted by constructing three logical regression
models: (1) unadjusted; (2) adjusted for age, sex, and race;
and (3) adjusted for age, sex, race, alcohol, body mass
index, physical activity, smoking, sleep duration, HSCRP,
EOS percent, depression and health insurance. Addition-
ally, subgroup analysis was performed to further explore
the relationship between bedtime and asthma. Interac-
tion analyses were also conducted between nocturnal
bedtime and asthma risk factors (including age, sex, race,
alcohol, body mass index, smoking, physical activity, EOS
percent, depression and health insurance.) in the final
multivariable logistic regression model.
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All statistical analyses were conducted using R ver-
sion 3.4.3, Empowerstats software, and STATA 17.0. The
complex survey design was accounted for by applying
appropriate examination weights, with a p-value of <0.05
indicating statistically significant.

Results

Study population characteristics

A cumulative count of 11,475 individuals were deemed
suitable in the ultimate analysis, of whom 48.5% were
male and 51.5% were female, with an average age of 47.5
years. Among these eligible participants, 1,729 (15.4%)
individuals from the general population reported a his-
tory of asthma.

Table 1 provides a comprehensive summary of the
sociodemographic characteristics and descriptive clinical
baseline characteristics within the three groups. Signifi-
cant variations were observed in many outcomes across
quartiles of nocturnal bedtime among all participants,
with the exception of EOS percent (p>0.05). Besides,
individuals with later bedtime (2300 h or later) tended
to be younger (18-39 years), male, Non-Hispanic Asian,
had the lowest BMI (<25 kg/m?), engaged in less physical
activity, and had shorter sleep duration (7.1%1.6). In con-
trast, participants with earlier bedtime (2100 h or earlier)
were middle-aged and older (>40 years), education level
less than 9th grade, overweight status (BMI between 30
and 35 kg/m?), former smoker, and longer sleep duration
(8.5£1.5) (Table 1).

Association of nocturnal bedtime and asthma

Over the study period, univariable logistic regression
showed that having nocturnal bedtimes>2300 h (OR:
1.26; 95%CI: 1.06-1.50; P=0.011) exhibited a positive
association with the prevalence of asthma compared to
the reference group (2100-2300 h). After adjusting for
age, sex, and race, individuals with a bedtime of 2300 h
or later were found to have a 24% higher risk of asthma
(OR: 1.24, 95%CI: 1.04-1.49, P=0.021). Additionally,
after adjusting for age, sex, race, poverty index, alco-
hol consumption, smoking, physical activity, body mass
index, diabetes, sleep duration (total sleeping time), high-
sensitivity C-reactive protein, and EOS percent, individu-
als with nocturnal bedtimes after 2300 h still had a 20%
increased risk of asthma (OR: 1.20; 95%CI: 1.02-1.42)
(Table 2).

Subgroup analysis

We further investigated the impact of covariates using
subgroup analyses and interaction analyses (Fig. 2). Sub-
group analyses stratified by age, sex, race, poverty index,
alcohol consumption, smoking, physical activity, body
mass index, diabetes, and EOS percent were conducted
to address the potential heterogeneous population.
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Compared to the reference group (between 2100 h and
2300 h), stratified analysis indicated that the correlation
of a later bedtime (2300 or later) and asthma remained
significant in 18-39 years (OR=1.23, 95%CI: 1.02—
1.48); woman (OR=1.30, 95%CI: 1.01-1.68); Hispanic
(OR=1.66, 95%CI: 1.17-2.37); heavy drinkers (OR=1.52,
95%ClI: 1.17-1.96); BMI<25 kg/m? (OR=1.45, 95%CL:
1.13-1.87); vigorous physical activity (OR=1.32, 95%CI:
1.05-1.65); Statistically significant interactions were
observed between nocturnal bedtime and asthma in rela-
tion to age, sex, eosinophils (EOS) percent and depres-
sion (P Interaction < 005)

Discussion

Our findings showed a statistically significant relation-
ship between bedtime at night and the prevalence of
asthma. Notably, our research findings indicate a sig-
nificant association between a bedtime of 2300 h or later
and asthma, as determined through the construction of
multivariable logistic models. Importantly, this asso-
ciation remained significant even after controlling for
all potential confounding factors. Later sleep may affect
the circadian rhythm and cause a decrease in melatonin
secretion [26]. This reduction in melatonin secretion has
been shown to effectively inhibit the chronic inflamma-
tory response associated with asthma [27]. In addition,
a delayed bedtime was observed, along with an atypical
elevation in bronchial eosinophil levels, and the release
of their associated mediators, including histamine. This
phenomenon subsequently may lead to nocturnal airway
hyperreactivity, thereby contributing to the development
or exacerbation of asthma [28]. Moreover, pulmonary
function exhibits a diurnal rhythm even in healthy adults,
with a small circadian variation in FEV1; FEV1/FEVC;
and PEF (forced expiratory volume in the first second
[FEV1], forced vital capacity [FVC], FEV1/FVC, forced
expiratory flow rate, and mid-exhalation [FEF]). Dis-
ordered circadian rhythms can correspondingly affect
changes in lung function, such as significantly lower
FEV1, FEV1%, PEF, and PEF% [29], which are commonly
used to confirm the diagnosis of asthma [30].

Thus far, only two studies have focused on the asso-
ciation between nocturnal bedtime and asthma [20, 21],
which is limited to subjects<12 years old. Contrary to
our study, a study on 4,876 preschool children in China
[20] and 2,529 children in The Netherlands [21] sug-
gested no significant associations between late bedtime
and asthma. The observed disparities among the existing
studies could potentially be attributed to dissimilarities
in the variables and sample sizes employed in this inves-
tigation compared to those utilized in previous studies.
Furthermore, the questionnaire content could also be a
contributing factor.
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Table 1 General characteristics of participants (n=11475) stratified by weekdays bedtime in the NHANES 2015-2018

Characters Total Total(%) before 9 p.m. 9-11 p.m. After 11 p.m. P value
11475 (n=592) (n=7244) (n=3639)
Agel(years) 475+€17.7 534+16.1 486+17.3 444+183 <0.001
Age groups
18-39years 3997 37.2(35.3-39.3) 19.7(14.6-26) 34.1(32.2-36) 46.6(43.3-50)
40-59years 3501 34.5(32.7-36.4) 43.9(37.4-50.8) 36.7(34.5-38.9) 28.4(26.1-30.8)
60-80years 3977 28.2(26-30.6) 36.4(31.5-41.6) 29.2(26.9-31.7) 24.9(22.4-27.7)
Gender <0.001
Men 5584 48.5(47.3-49.7) 43.8(39.1-48.6) 46.9(45.3-48.5) 52.6(50.2-55)
Women) 5891 51.5(50.3-52.7) 56.2(51.4-60.9) 53.1(51.5-54.7) 47.4(45-49.8)
Race/ethnicity <0.001
Hispanic 3124 15.9(12.8-19.6) 17.1(11.6-24.6) 16.3(13-20.4) 14.7(11.8-18)
Non-Hispanic White 3841 62.9(58.1-67.5) 60.6(51.3-69.2) 65(59.7-70) 58.7(54.8-62.5)
Non-Hispanic Black 2476 11.1(8.7-14.1) 14.9(10.9-20.1) 9.7(7.4-12.6) 13.6(11-16.7)
Non-Hispanic Asian) 1531 5.84.4-77) 2.7(1.6-4.6) 52(3.7-7.1) 7.8(6.1-9.9)
Other races® 503 4.2(3.6-5) 46(2.7-7.8) 3.8(3-4.7) 5.2(4.2-6.5)
Daily alcohol drinking status <0.001
Moderate-drinkers 3363 34.5(32.5-36.5) 23.2(19.3-27.8) 35.7(33.6-37.9) 33.4(30-36.9)
Heavy-drinkers 3726 38.6(36.6-40.6) 42(36-48.3) 37.6(35.6-39.7) 40.1(36.9-43.3)
Not recorded 4386 27(25.4-28.6) 34.7(29.9-39.9) 26.7(24.7-28.7) 26.5(23.6-29.7)
BMI group <0.001
<25 3013 27.8(25.7-30) 20.5(16.2-25.6) 27.6(25.2-30.1) 29.2(27-31.6)
25-30 3414 31(29.7-32.4) 31.4(25-385) 32.1(30.5-33.9) 28.5(26.2-30.9)
30-35 2285 21.5(20-23) 22.2(17.6-27.6) 22.1(204-23.9) 20(18.1-22.1)
>35 2031 18.5(17-20.2) 23.6(17.3-31.3) 17(15.5-18.7) 21(18.2-24.1)
Not recorded 732 1.2(1-1.5) 2.4(1.4-4) 1.1(0.8-1.6) 1.2(0.8-1.8)
Eosinophils percent groups 0.147
Not recorded 1123 4.4(3.7-5.3) 6(3.6-9.7) 4.2(3.4-5.1) 4.7(3.7-6)
<4% 8274 77.1(76.1-78.1) 79(74.4-83) 77.2(75.8-78.5) 76.6(74.7-78.4)
4%-15% 2049 18.3(17.3-19.3) 14.8(11.3-19.2) 18.5(17.1-19.9) 18.4(16.9-20.1)
15%-50% 29 0.2(0.1-0.3) 0.2(0-0.9) 0.1(0.1-0.3) 0.2(0.1-0.5)
Physical activity level <0.001
Inactive 3737 25.1(23.4-26.9) 32.8(284-37.5) 24.2(22.3-26.2) 25.9(23.1-28.9)
Less active 1381 126(11.5-13.6) 9.5(7.2-124) 12.1(10.9-13.3) 14(12-16.2)
Active 6326 62.2(60.6-63.7) 57.4(52.3-62.3) 63.5(61.7-65.4) 59.9(57-62.8)
Not recorded 31 0.2(0.1-0.3) 0.3(0.1-1) 0.2(0.1-0.3) 0.2(0.1-0.5)
Smoking status, % <0.001
Never smoker 6835 58.1(56.1-60.0) 51.7(46.2-57.1) 58.6(56.6-60.6) 57.8(54.1-61.5)
Former smoker 2594 24.5(23.1-26) 25.7(21.1-31) 25.5(23.7-274) 22.2(19.9-24.5)
Current smoker 2036 17.4(15.9-19) 22.6(17.6-28.5) 15.8(14.2-17.6) 20(17.7-22.5)
Not recorded 10 0.1(0.0-0.2) 0.1(0-04) 0.1(0-0.2) 0(0-0.1)
HSCRP(mg/L) 38+7.1 51117 36+6.0 41483 <0.001
Sleep duration(h) 7714 8716 79+13 71+16 <0.001
Asthma <0.001
NO 9746 84.6(83.7-85.5) 83.3(78.6-87.1) 85.6(84.4-86.7) 82.5(80.6-84.3)
YES 1729 15.4(14.5-16.3) 16.7(12.9-21.4) 14.4(13.3-15.6) 17.5(15.7-19.4)
Depression <0.001
NO 7404 70.5(68.8-72.1) 65.2(58.3-71.4) 73.8(71.7-75.8) 64.1(62.1-66.1)
YES 2539 224(21.1-23.8) 25.2(19.9-31.4) 19.4(18-20.9) 28.6(26.5-30.8)
Not recorded 1532 7.1(5.9-84) 9.6(7.2-12.7) 6.8(5.6-8.4) 7.3(5.6-9.5)
Health Insurance <0.001

NO 1886 13.6(114-16.1) 12.6(10-15.7) 124(10.2-15.1) 16.1(13.4-194)
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Table 1 (continued)
Characters Total Total(%) before 9 p.m. 9-11 p.m. After 11 p.m. P value
11475 (n=592) (n=7244) (n=3639)
YES 9555 86.2(83.7-88.4) 87.2(84-89.8) 87.3(84.7-89.6) 83.8(80.5-86.5)
Not recorded 34 0.2(0.1-0.3) 0.2(0.1-0.7) 0.2(0.1-0.4) 0.1(0-0.3)

NOTE: Values are weighted mean = SD or weighted % (95% confidence interval). P-values are weighted. Other races® include American Indian or Alaska Native, Native
Hawaiian or other Pacific Islander, and multiracial persons. % (Mean-+/-SD) for: Age, Gender, Race, Education, Daily alcohol drinking status, BMI, EOS percent, Physical
activity level, Smoking status, Depression, Health Insurance, Asthma. Pvalue was calculated by weighted chi-square test. Mean+/-SD for: Age(years), HSCRP(mg/L),

Sleep duration(h). Pvalue was calculated by weighted linear regression model

Abbreviations: BMI: body mass index; HSCRP: High Sensitivity C-Reactive Protein (mg/L); EOS: Eosinophils; NHANES: National Health and Nutrition Examination

Survey;

Table 2 Associations between weekdays bedtime and asthma (n=11475), NHANES 2015-2018

Weekdays bedtime N Model1 Model2 Model3
(n=11475) OR (95% Cl), P OR (95% ClI), P OR (95% CI), P

Before 9 p.m. 592 1.2(0.89,1.6)0.224 1.21(0.9,1.63)0.194 1.15(0.85,1.54)0.355

9-11 pm. 7244 Reference Reference Reference

After 11 p.m. 3639 1.26(1.06,1.5)0.01 1.24(1.04,1.48)0.02 1.20(1.01,1.43)0.042

Model 1: non-adjusted
Model 2: adjusted for age, sex, race

Model 3: adjusted for Age, Gender, Race, Daily alcohol drinking status, BMI, EOS percent, Physical activity level, Smoking status, HSCRP, Sleep duration, Depression,

Health Insurance

Subsequently, we performed a stratified analysis of
the effects of bedtime on asthma in several categories,
and the findings revealed that the effects of nocturnal
bedtime on asthma differed across groups. In the later
bedtime cohort, 18-39years, womam, BMI<25 kg/m?
Hispanic ethnicity, heavy alcohol drinkers, those engaged
in vigorous physical activities were more prone to devel-
oping asthma than others.

First, Asthma is more common in males during child-
hood, but becomes more prevalent in females during
adolescence and young adulthood due to the impact of
female hormones on the immune response, including the
modulation of inflammatory response by estrogens and
the activity of various cells and proteins [31]. Another
study revealed that having a persistently low BMI at an
early age was associated with higher risk of asthma [32].
Moreover, this may involve a plethora of factors, includ-
ing well-established anatomical, hormonal, or smoking-
related distinctions within the respiratory system [33].
Second, in comparison to other racial groups, Hispanics
demonstrated a higher prevalence of asthma. Epigenetic
mechanisms such as distinct patterns of DNA methyla-
tion (DNAm) in whole blood, have been found to vali-
date associations between asthma DNAm and Hispanic
groups [34]. This finding is consistent with previous
reports [35]. Third, heavy drinkers were more likely to
develop asthma than other groups, which is consistent
with the UK Biobank cohort study [36]. One potential
explanation is the heightened presence of acetaldehyde
in the bloodstream, which triggers the degranulation
of mast cells or basophils, subsequently leading to the
release of histamine and potentially exacerbating asthma
symptoms [37].

Therefore, we conducted interaction analyses and
found that age, sex, EOS percent and depression modified
the association between nocturnal bedtime and asthma
risk. Recent studies suggested that blood EOS count was
a potential candidate biomarker for both asthma and
nocturnal bedtime. There is increasing evidence that
EOS levels are linked to disease outcomes and treat-
ment response. In asthma, exacerbations are more fre-
quent in patients with high counts (>400 cells-uL-1) than
those with counts below this threshold [38]. Depression
is a common comorbidity in asthmatic outpatients and
is linked to uncontrolled asthma and lower ACT scores
[39]. Major depression can cause dysregulation of the
hypothalamic-pituitary-adrenal axis and autonomic ner-
vous system, leading to chronic secretion of cortisol and
catecholamines, decreased expression of glucocorticoid
and [P2-adrenergic receptors, and ultimately aberrant
immune responses, heightened airway inflammation, and
diminished efficacy of short-acting p2-agonists in indi-
viduals with asthma [40].

Limitations

Our study has some limitations, especially because we
used the NHANES data. First, certain variables such as
asthma, sleep factors and lifestyle factors were assessed
through questionnaire surveys, which may have intro-
duced a recall bias. Second, the data obtained for this
study exclusively focused on the bedtimes during week-
days; no information regarding variables associated with
weekend bedtimes was gathered. In addition, people have
different thresholds for consulting a general practitio-
ner, which in turn influences the probability of getting
the diagnosis of both insomnia disorder and asthma. We
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Variables

Age groups
18-39years
40-59years
60-80years

Gender
Men
Women

Race/ethnicity
Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian

Daily alcohol drinking
moderate-drinkers
heavy-drinkers

BMI group
<25
25-30
30-35

235

Eosinophils percent groups

< 4%
4%-15%
Physical activity level
Inactive
Less active
Active
Smoking status, %
Never smoker
Former smoker
Current smoker
Depression
NO
YES
Health Insurance
NO

YES

(2024) 24:419

Plot

Before 9 p.m.

1.06(0.51,2.22)0.874
1.59(0.84,3.01)0.148

0.66(0.4,1.09)0.099

0.94(0.56,1.58)0.812

1.31(0.8,2.13)0.271

1.08(0.52,2.24)0.838
1.06(0.57,1.97)0.842
0.97(0.58,1.61)0.889

1.05(0.24,4.5)0.948

1.37(0.74,2.53)0.309

1.26(0.87,1.84)0.215

0.59(0.31,1.13)0.106
1.9(1.0,3.59)0.05
1.14(0.65,1.99)0.628

0.97(0.42,2.23)0.939

1.29(0.89,1.87)0.164

0.78(0.34,1.79)0.549

1.1(0.68,1.78)0.685
1.18(0.37,3.81)0.771

1.2(0.77,1.86)0.408

0.98(0.61,1.56)0.921
0.84(0.48,1.47)0.535

1.88(0.86,4.09)0.108

0.87(0.56,1.35)0.527

1.65(0.81,3.36)0.162

1(0.43,2.33)0.999

1.14(0.84,1.56)0.384

OR(95%Cl)

1
5

At or before 9 p.m.

—  After 11 p.m.

OR(95%Cl),P

9-11 p.m. After 11 p.m.
Ref 1.23(1.02,1.48)0.031
Ref 1.06(0.8,1.39)0.688
Ref 1.25(0.84,1.86)0.27
Ref 1.06(0.82,1.35)0.661
Ref 1.3(1.01,1.68)0.04
Ref 1.66(1.17,2.37)0.006
Ref 1.18(0.89,1.55)0.243
Ref 1.13(0.89,1.44)0.299
Ref 0.82(0.49,1.37)0.432
Ref 1.03(0.71,1.51)0.864
Ref 1.52(1.17,1.96)0.002
Ref 1.45(1.13,1.87)0.005
Ref 1.08(0.85,1.39)0.511
Ref 1.03(0.69,1.52)0.892
Ref 1.17(0.75,1.83)0.469
Ref 1.14(0.92,1.41)0.231
Ref 1.07(0.8,1.42)0.645
Ref 0.95(0.66,1.36)0.754
Ref 1.15(0.66,2.02)0.608
Ref 1.32(1.05,1.65)0.018
Ref 1.19(0.92,1.54)0.175
Ref 1.15(0.8,1.65)0.449
Ref 1.24(0.86,1.79)0.242
Ref 1.21(0.98,1.48)0.069
Ref 1.15(0.87,1.53)0.31
Ref 1.44(0.86,2.42)0.157
Ref 1.17(0.96,1.43)0.11
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Pinteraction

0.004

<0.001

0.278

0.459

0.075

0.001

0.712

0.104

<0.001

0.593

Fig. 2 Subgroup and interaction analyses for the impact of covariates on the association of nocturnal bedtime and Asthma. adjusted for Age, Gender,
Race, Daily alcohol drinking status, BMI, EOS percent, Physical activity level, Smoking status, HSCRP, Sleep duration, Depression, Health Insurance. BMI:
body mass index; HSCRP: High Sensitivity C-Reactive Protein (mg/L); EOS: Eosinophils; NHANES: National Health and Nutrition Examination Survey
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cannot rule out the possibility that such information bias
influences our results.

Conclusion

This study evaluated the impact of nocturnal bedtime on
the occurrence of asthma, revealing a modestly height-
ened risk of asthma associated with later bedtime, par-
ticularly among women and individuals of Hispanic
ethnicity. This finding contributes to the expansion and
reinforcement of the consensus and endorsement sur-
rounding asthma. Subsequent research should delve
into the underlying mechanisms of this correlation and
explore the potential clinical ramifications for the man-
agement of asthma.

Abbreviations

BMI Body Mass Index

@] Confidence interval

NHANES  National Health and Nutrition Examination Survey
NIAAA National Institute on Alcohol Abuse and Alcoholism
OR Odds ratio

PIR Poverty-Income Ratio

HSCRP High Sensitivity C-Reactive Protein (mg/L)

EOS Eosinophil
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