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Background: Asthma contributes to considerable morbidity and health care utilization in adults. Insufficient
and excessive sleep duration have known adverse effects on health. Little is known regarding the effect of
sleep duration on health outcomes in adults with asthma.
Objective: To examine associations between sleep duration, patient-reported outcomes, and health care use
in adults with asthma from the National Health and Nutrition Examination Survey.
Methods: Cross-sectional data from the 2007 to 2012 National Health and Nutrition Examination Survey
were analyzed. Asthma was identified by self-report. Habitual hours of sleep duration were categorized as
short (<5), normal (6-8), and long (>9). Multivariate regression analyses were used to examine the asso-
ciations between sleep duration and patient-reported outcomes and health care use.
Results: Of the 1389 adults with asthma, 26% reported short sleep duration, 66% reported normal sleep
duration, and 8% reported long sleep duration. Those with short sleep duration had increased asthma attacks
(adjusted odds ratio [aOR] 1.58; 95% confidence interval [CI] 1.13-2.21), coughing (aOR 1.95; 95% CI 1.32-
2.87), and overnight hospitalizations (aOR 2.14; 95% CI 1.37-3.36) compared with those having normal sleep
duration. They also reported worse health-related quality of life, including days of poor physical health,
mental health, and inactivity because of poor health (P values < .05). Those with long sleep had more activity
limitations because of wheezing compared with those with normal sleep (aOR 1.82; 95% CI 1.13-2.91).
Conclusion: Compared with adults having asthma and normal sleep duration, those having short sleep
duration experience more frequent asthma attacks, increased health care use, and worse health-related
quality of life, whereas those with long sleep duration experience more frequent activity limitation.
Copyright © 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights
reserved.

Introduction general population, both short (ie, <6 hours) and long (ie, >9
hours) sleep duration have well-established associations with
adverse health outcomes including chronic diseases, functional
decline, and mortality.””'" Among older adults, short and long
sleep duration is associated with an increased risk for hospitali-
zations and emergency department visits.!>!> Most studies of
sleep in adults with asthma have focused on insufficient or poor
quality sleep.'*'7 An analysis of the National Health and Nutri-
tion Examination Survey (NHANES) data found those with
asthma to be significantly more likely to sleep less than 6 hours
(23% vs 13%) or 9 or more hours (7% vs 6%) as compared with
those without asthma.'® These findings suggest that, in addition

Asthma affects more than 19 million (7.7%) US adults." Despite
advances in asthma care, the prevalence of asthma has increased over
the past decade.” Asthma imposes a substantial burden on society,
with $50.3 billion in annual medical costs, 500,000 hospitalizations,
and 2 million emergency department visits annually.>> Consequently,
the identification of modifiable health behaviors that may improve
patient outcomes and reduce health care utilization is needed.

Sleep is a modifiable behavior and it is recommended that
adults regularly get 7 or more hours of sleep per night.° In the
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to insufficient sleep, sleeping too long may also be a problem in
adults with asthma.

Among adolescents, evidence has suggested a negative effect of
short sleep, induced by partial sleep restriction, on asthma
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symptoms and health-related quality of life.” No studies to date
have examined the effect of sleep duration on health outcomes in
adults with asthma. This study analyzed data from the NHANES
that includes a large nationally representative sample of adults in
the United States. Using data from the 2007 to 2012 waves of
NHANES, we examined the associations between sleep duration
and patient-reported outcomes (ie, asthma symptoms and attacks,
activity limitation, and health-related quality of life) and health
care use (ie, asthma-specific and general). We hypothesized that
both short and long sleep duration would be associated with worse
patient-reported outcomes and greater health care use.

Methods
National Health and Nutrition Examination Survey Dataset

The NHANES is a continuous in-person survey of health in-
dicators of the civilian, noninstitutionalized US population admin-
istered by the National Center for Health Statistics of the Centers for
Disease Control and Prevention. Households were selected and
recruited using a stratified multistage probability sampling design.
The data were collected by face-to-face interviews that included
demographics, socioeconomic, and health-related questions and by
clinical examinations conducted in a mobile assessment unit
including physical measurements and laboratory testing. The survey
was approved by the National Center for Health Statistics Research
Ethics Review Board and all study participants provided informed
consent and only deidentified data were used for the analysis.

Analytical Sample

This study was a cross-sectional analysis of adults of minimum
20 years and older with asthma drawn from 6 years (2007-2012) of
NHANES survey data. Participants who answered “yes” to the
questions, “Has a doctor or other health professional ever told you
that you had asthma?” and “Do you still have asthma?” were
defined as currently having asthma. Participants with a previous
physician diagnosis of asthma but who reported that they no longer
had asthma were excluded from the analyses.

Sleep Duration

Sleep duration was measured by a single question, “How much
sleep do you usually get at night on weekdays or workdays?” with
allowable responses in whole numbers between 1 and 24 hours.
Habitual or typical hours of sleep were categorized as short sleep
duration (<5 hours per night), normal sleep duration (6-8 hours
per night), and long sleep duration (>9 hours per night).

Patient-Reported Outcomes

Asthma Symptoms and Attacks

Asthma symptoms included the presence of wheezing and
coughing. The presence of wheezing was defined as an affirmative
response to the question, “In the past 12 months, have you had
wheezing or whistling in your chest?” The presence of coughing
was defined as an affirmative response to the question, “In the past
12 months, have you had a dry cough at night not counting a cough
associated with a cold or chest infection lasting 14 days or more?”
The presence of an asthma attack was identified as an affirmative
answer to the question, “During the past 12 months, have you had
an episode of asthma or an asthma attack?” The percentages of
“yes” answers from each question are reported separately.

Activity limitation
Activity limitation because of wheezing was measured by the
question, “During the past 12 months, how much did you limit your

usual activities due to wheezing or whistling?” Answers were on a
5-point Likert scale (1 = not at all, 5 = a lot). Responses were
collapsed into the following 3 categories: not at all; a little; and
frequent.

Health-related quality of life

Health-related quality of life was assessed over the past 30 days
by asking the following questions: (1) “how many days was mental
health, which includes stress, depression, and problems with
emotions not good”; (2) “how many days was physical health
including physical illness and injury not good”; and (3) “how many
days did poor physical and mental health keep you from doing
usual activities, such as self-care, work, school, or recreation.”

Health Care Use

Asthma-related

Two questions were asked about asthma-related health care
use. Participants were asked whether they had visited an emer-
gency department or an urgent care center because of asthma
within the previous 12 months (Yes or No) and the frequency of
medical visits (physician’s office or the hospital emergency
department) during this period because of “attacks of wheezing or
whistling.”

General

Participants were asked 2 questions about their general health
care use in the previous 12 months including their frequency of
seeing a health care provider (ie, physician, clinic, or emergency
department, but not including an overnight hospitalization) and
whether they had an overnight hospitalization (Yes or No).

Demographic and Clinical Data

Demographic data collected from the participants included age,
sex, race and ethnicity, educational attainment, and socioeconomic
status. Age at the screening was recorded with persons older than
79 years coded as “80.” Race and ethnicity was categorized as non-
Hispanic white, non-Hispanic black, Hispanic, and other. Marital
status was collapsed into 3 categories of married or partnered,
divorced or separated, or widowed or single. Education, originally
evaluated by NHANES as the highest grade or degree received from
“less than ninth grade” to “college graduate or above,” was
collapsed into 2 categories of less than high school education and
high school education and above. Socioeconomic status was esti-
mated by NHANES using the ratio of total annual household income
to family size according to the US poverty threshold for those
cohort years, with a range of values collapsed into the following 4
categories: less than 133%, 134% to 299%, 300% to 400%, and greater
than 500%. Relevant clinical indicators included smoking status,
body mass index (BMI) (kg/m?), and pulmonary function tests. Self-
reported smoking status was categorized either as a nonsmoker,
current smoker, or former smoker. Nonsmoker was defined by a
nonaffirmative response to the question, “Have you smoked at least
100 cigarettes in your entire life?” Former smoker was defined by
an affirmative response to this question but a nonaffirmative
response to the question, “Do you now smoke cigarettes?” The
current smoker was defined as an affirmative response to both
aforementioned questions. Body mass index was calculated from
measured weight and height. Spirometry testing had been con-
ducted at the NHANES Mobile Examination Center according to a
standardized protocol and obtained forced expiratory airflow vol-
ume in the first second and the forced vital capacity. Normative
reference equations developed from NHANES III data were used to
determine predicted spirometry values.’® Baseline spirometry data
and predicted values were used to calculate the percent predicted
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values that were used to characterize the study sample. Spirometry
data were available for 96% (n = 1334) of participants.

Data Analysis

All analyses included the complex multistage sampling and
sampling weights provided by NHANES. Analyses were computed
with SAS version 9.4 (SAS Institute Inc. Cary, North Carolina).
Demographic and clinical characteristics, patient-reported out-
comes (asthma symptoms and attacks, activity limitation, and
health-related quality of life), and health care use (asthma-
related and general) were presented as weighted proportions for
categorical variables and mean and SD for continuous variables in
US adults with asthma with short (<5 hours), normal (6-8 hours),
and long (>9 hours) sleep duration. Estimates for sleep duration
groups were compared using the y2 test or analysis of variance
with SAS survey procedures. Despite non—normally distributed
data for some of the continuous variables, analysis of variance
was still used because it is not sensitive to moderate deviations
from normality.?!

Multivariate analyses using linear, logistic, and multinomial lo-
gistic regression were used to examine the associations between
sleep duration and patient-reported outcomes and health care use.
Separate models were run using each patient-reported outcome
and health care use variables as dependent variables and sleep
duration groups as independent variables. All models were
adjusted for age, sex, race and ethnicity, socioeconomic status, and
smoking status and were weighted to account for the complex
sampling design of NHANES.

The survey instruments for asthma and respiratory outcomes
use skip patterns in which only individuals with asthma and
wheezing are asked subsequent related questions. Missing data
were recorded as intended “no” responses for individuals who were

Table 1

administered these questions. Less than 10% of missing data were
observed on the variables of interest, so missing data were ignored.

Results
Sample

There were 1389 adults aged 20 years and older in the national
sample from 2007 to 2012 who self-identified as currently having
asthma. Weighted estimates of demographic characteristics of the
sample stratified by individuals reporting 5 or fewer, 6 to 8, and 9 or
more hours of sleep per night are listed in Table 1. Of the sample,
25.9% slept 5 hours or less, 65.9% slept 6 to 8 hours, and 8.2% slept 9
hours or more. Short sleepers were more likely to be younger and to
be non-white, whereas long sleepers were more likely to be older,
female, and a current smoker (all P values < .001). Compared with
normal sleepers, both the short and long sleeper groups were
characterized by persons who were more likely to have a lower
income (27.9% vs 45.5% and 45%, respectively) and a lower educa-
tion level (17.1% vs 27.3% and 27.7%, respectively). Marital status,
BMI, and lung function (with the exception of the forced expiratory
airflow volume in the first second by forced vital capacity ratio)
were similar across all 3 sleep duration groups.

Patient-Reported Outcomes and Health Care Use by Sleep Duration

The weighted prevalence of patient-reported outcomes and
health care use among sleep duration groups is reported in Table 2
and Figure 1. Compared with normal sleepers, short and long
sleepers had a higher proportion of persons who reported having
an asthma attack in the past year (45% vs 59% and 51%, respectively)
and had more days with impaired health-related quality of life as
indicated by more days of poor physical and mental health and
inactive days because of poor physical or mental health (all P values

Weighted Demographic and Clinical Characteristics for all Adults With Asthma by Sleep Duration, National Health and Nutrition Examination Survey 2007 to 2012°

Sleep Duration

Total (n = 1389) <5 (n = 359) 6-8 (n = 916) >9 (n=114) P value
Age, mean (SD) 47.2 (0.6) 44.7 (1.2) 47.7 (0.7%) 49.6 (2.3) .001
Male 513 (36.4%) 137 (38.8%) 339 (37.1%) 37 (22.9%) .02
Race and ethnicity
White 674 (71.0%) 143 (19.6%) 459 (72.3%) 72 (8.2%) <.001
Black 360 (14.2%) 112 (31.7%) 226 (62.6%) 22 (5.8%)
Hispanic 156 (5.5%) 48 (26.3%) 93 (62.6%) 15 (11.1%)
Other 199 (9.3%) 56 (30.3%) 138 (67.6%) 5(2.1%)
Education
Less than high school 409 (20.2%) 118 (27.3%) 246 (17.1%) 45 (27.7%) <.001
High school and above 980 (79.8%) 241 (72.7%) 670 (82.9%) 69 (72.3%)
Smoking status
Current smoker 633 (47.1%) 140 (37.8%) 441 (49.5%) 52 (52.9%) <.001
Former smoker 365 (26.2%) 83 (19.7%) 252 (28.6%) 30 (23.4%)
Nonsmoker 390 (26.7%) 136 (42.5%) 222 (21.9%) 32 (23.8%)
Marital status
Married or partnered 703 (55.5%) 178 (20.9%) 465 (71.3%) 60 (7.7%) 0.66
Divorced or separated 257 (15.7%) 75 (26.4%) 165 (67.7%) 17 (5.8%)
Widowed or single 429 (28.7%) 106 (23.9%) 286 (68.4%) 37 (7.6%)
Poverty Level
<133 582 (33.1%) 174 (45.5%) 350 (27.9%) 58 (45.0%) <.001
134-299 329 (24.8%) 89 (27.5%) 214 (23.7%) 26 (27.1%)
300-499 187 (19.4%) 37 (16.9%) 137 (20.6%) 13 (16.0%)
>500 164 (22.6%) 21 (10.1%) 136 (27.8%) 7 (11.9%)
BMI, mean (SD) 30.8 (0.3) 31.8 (0.5) 30.4 (0.4) 31.1 (0.7) .09
FEV1% predicted, mean (SD) 88.6 (0.0) 87.6 (0.0 89.2 (0.0) 85.5(0.0) .89
FVC% predicted, mean (SD) 95.8 (0.0) 94.0 (0.0 96.5 (0.0) 94.7 (0.0) 17
FEV1/FVC% predicted, mean (SD) 94.9 (0.0) 96.6 (0.0 94.6 (0.0) 92.1 (0.0) .02

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume at 1 second; FVC, forced vital capacity.

9Data is presented as n (%) unless indicated.
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Table 2

Patient-Reported Outcomes and Health Care Use by Sleep Duration in Adults With Asthma: Weighted Bivariate Analysis®

Sleep Duration

Total (n = 1389) <5 (n =359) 6-8 (n = 916) >9 (n=114) P value
Activity limitation because of wheezing in the .001
past year, n (%)
None 902 (67.9) 210 (60.45) 614 (70.3) 78 (68.6)
A little 222 (16.7) 56 (17.0) 154 (17.1) 12 (12.1)
Frequent 265 (15.4) 93 (22.6) 148 (12.6) 24 (19.3)
Health-related quality of life
Days physical health was not good 6.1 (04) 8.6 (0.8) 5.0 (0.3) 8.1(0.3) .003
Days mental health was not good 6.1 (0.4) 9.8 (0.7) 4.8 (0.4) 7.0 (0.9) <.001
Inactive days because of health 4.0 (0.3) 6.7 (0.8) 2.8 (0.3) 6.6 (1.1) .001
Number of times received health care in past 2.6 (0.0) 2.8 (0.1) 2.5 (0.0) 3.0(0.2) .58
year
Number of times received health care for 0.7 (0.1) 0.7 (0.1) 0.6 (0.1) 0.9 (0.2) .83

wheezing in past year

?Data is presented as mean (SD) unless otherwise indicated.

< .05). Short sleepers also had more persons who reported
wheezing (67% vs 59% and 56%, respectively), dry cough (22% vs 12%
and 14%), and activity limitation because of wheezing (40% vs 30%
and 31%) in the last 12 months and who had an overnight hospi-
talization (28% vs 16% and 19%) compared with normal and long
sleepers (all P values < .05). There were no significant differences
among sleep duration groups with regard to the proportion having
an emergency department visit for asthma or the frequency of
general health care utilization and emergency department visits for
wheezing in previous 12 months (all P values > .05).

Associations Between Sleep Duration and Patient-Reported
Outcomes and Health Care Use

Table 3 indicates the results of the weighted linear and logistic
regression models of the likelihood of adverse patient-reported
outcomes and health care use among adults with asthma with
short (<5 hours), normal (6-8 hours), and long (>9 hours) sleep
duration. Compared with those having normal sleep duration,

individuals with short sleep duration had a greater likelihood of an
asthma attack (adjusted odds ratio [aOR] 1.58; 95% confidence in-
terval [CI] 1.13-2.21), dry cough (aOR 1.95; 95% CI 1.32-2.87), and an
overnight hospitalization (aOR 2.14; 95% CI 1.37-3.36) during the
past year after controlling for age, sex, race, socioeconomic status,
and smoking status. Short sleepers had a significantly worse
health-related quality of life including days of poor physical and
mental health and inactive days because of poor health and more
frequent general health care use during the past year compared
with normal sleepers (all P values < .05). After adjustment for the
above-mentioned covariates, wheezing, activity limitation because
of wheezing, emergency department visits for asthma, and fre-
quency of health care use for wheezing did not differ between the
short and normal sleepers. The odds of having little activity limi-
tation because of wheezing among long sleepers were higher when
compared with those of normal sleepers (aOR 1.82; 95% CI 1.13-
2.91). No significant differences in other patient-reported outcomes
and health care use were observed among the long and normal
sleepers (all P values > .05).

0,
80% p= 04
60%
v P=.03 Sleep Duration
g P <.001 B =
§ 40% P <.001 ..
o 800
Q-u = hr
P=.001
P=12
20%
0%
Asthma a“aCZK Wheez'\ﬂg C()Ugh - gD visite

. i “m\\ahon “a“za“ons
"‘c‘“"“ovem@“‘ nosp! Asmma-rela

Figure 1. Weighted proportions of the sample with asthma attack, wheezing, cough, activity limitation, overnight hospitalizations, and asthma-related emergency depart-

ment visits during the past year by sleep duration. Note: ED, emergency department.
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Table 3

Weighted Multivariate Regression Models of Sleep Duration Predicting Patient-Reported Outcomes and Health Care Use Among Adults With Asthma (n = 1389)

Multivariate Analyses™”

<5 h of sleep vs
6-8 h of sleep

>9 h of sleep vs
6-8 h of sleep

8 or OR® (95% CI) P value 8 or OR (95% CI) P value
Patient-reported outcomes
Asthma attack in past year 1.58 (1.13-2.21) .008 1.27 (0.83-1.95) .26
Wheezing in past year 1.31 (0.91-1.90) 14 0.88 (0.55-1.43) .61
Dry cough in past year 1.95 (1.32-2.87) .001 1.15 (0.56-2.36) .70
Activity limitation because of wheezing in past year
None 1.00 1.00
A little 1.09 (0.71-1.69) .64 1.82 (1.13-2.91) .01
Frequent 0.67 (0.30-1.48) 31 1.25 (0.70-2.24) 44
Health-related quality of life
Days physical health was not good 2.70 (0.90-4.51) .004 1.70 (—0.60 to 3.99) 15
Days mental health was not good 3.43 (2.07-4.79) <.001 1.62 (—0.71 to 3.97) .16
Inactive days because of health 2.53 (0.74-4.32) .007 2.23 (0.00-4.46) .05
Health care use
Emergency department visits for 1.19 (0.79-1.79) 39 1.16 (0.62-2.17) 49
asthma in the past year
Number of times received health care 0.09 (—0.12 to 0.31) 40 0.21 (—0.17 to 0.59) 27
for wheezing in the past year
Number of times received general 0.34 (0.11-0.57) .005 0.43 (—0.01 to 0.86) .06
health care in the past year
Overnight hospitalizations in 2.14 (1.37-3.36) .001 1.17 (0.62-2.22) .63

the past year

Abbreviations: CI, confidence interval; OR, odds ratio.

?Analyses used linear regression (for the following continuous dependent variables: days physical health was not good; days mental health was not good; inactive days
because of health; number of times received health care for wheezing; number of times received health care), logistic regression (for dichotomous dependent variables), or

multinomial logistic regression (for categorical dependent variable).

bAdjusted for age, sex, race and ethnicity, socioeconomic status, and smoking status.

B = standardized beta coefficient from linear regression; OR = odds ratio from logistic regression.

Discussion

To the best of our knowledge, this was the first study to examine
the effect of sleep duration on asthma outcomes and health care
use in a nationally representative sample of adults with asthma. We
found that more than one-third of adults with asthma were short or
long sleepers. It was hypothesized that both short and long sleep
duration would be associated with worse patient-reported out-
comes and greater health care use. In support of our hypothesis, our
results indicated that short sleep duration was associated with
worse patient-reported outcomes, especially asthma symptoms
and attacks, health-related quality of life, and greater general
health care use, whereas long sleep duration was associated with
activity limitation because of wheezing.

This study found that adults with asthma and short sleep
duration are 1.5 times as likely to have an asthma attack
compared with those having normal sleep duration after
controlling for age, sex, race, socioeconomic status, and
smoking status. Moreover, those with short sleep duration
were more likely to have a dry cough and poorer health-
related quality of life compared with normal sleepers. Poor
sleep in adults with asthma may be attributed to several fac-
tors, including obstructive sleep apnea, gastroesophageal reflux
disease, anxiety, sex, corticosteroid use, asthma severity, and
inadequate asthma control, which can result in nocturnal
awakenings.??

Our work was consistent with previous investigations that
explored an association between asthma and sleep. After control-
ling for age, sex, BMI, oral corticosteroid use, gastroesophageal
reflux disease, and sleep apnea, poor sleep quality remained
significantly associated with worse asthma control and asthma-
related quality of life.”>!® Poor sleep in asthma may not solely be
attributable to nighttime awakenings.'>'® Sleep disturbances and
sleep loss have been found to increase inflammation and decrease
lung function.?*>?* Experimental sleep deprivation in healthy adults
has been found to elevate proinflammatory cytokine levels.?>%°

Short-term sleep deprivation in rodents exacerbated lung inflam-
mation.?”?® Thus, short sleep may negatively affect asthma through
decreased lung function and increased lung inflammation. More
research is needed to determine mechanisms linking poor sleep
and asthma outcomes.

We found that adults with asthma and short sleep duration
were twice as likely to have an overnight hospitalization and more
frequent general health care use in the past year compared with
those having normal sleep duration, although they did not have
significantly different asthma-related health care use. In the gen-
eral adult population, poor sleep, especially short sleep duration
and insomnia, has been found to be associated with increased
health care utilization including emergency department visits and
hospitalizations.'>'>??3> In a previous study of adults with
physician-confirmed asthma, those with insomnia had an
increased risk for asthma-related health care use (ie, unscheduled
physician visits, emergency department visits, hospital admissions,
and intensive care unit admissions) in the past year."” In addition,
those with insomnia were more likely to not have well-controlled
asthma compared with those without insomnia. It is important to
note that asthma was self-identified in NHANES and that asthma
control was not assessed; thus, the severity of asthma and level of
asthma control could not be controlled for in the analyses and could
have influenced the association between sleep duration and
asthma-related health care use. The effect of poor sleep on health
care utilization in adults with asthma requires further
investigation.

Long sleep duration has not been extensively examined in adults
with asthma. In this study, 8% of adults with asthma reported
sleeping 9 or more hours per night. Comparatively, data from a
national survey of US adults identified self-reported long sleep
duration (>9 hours per night) in approximately 8% of re-
spondents.>® Our study found long sleep to be associated with little
activity limitations because of wheezing when compared with
normal sleep. However, no differences in other patient-reported
outcomes or health care use were found between long and
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normal sleepers. A recent metaregression revealed associations
between long sleep and health outcomes such as mortality, obesity,
and incident cardiovascular disease; however, these associations
vary depending on age and sex.'® Choi et al'® reported that older
adults with short sleep had greater odds of emergency department
visits in the past year compared with normal sleepers, whereas
long sleepers had greater odds of an overnight hospitalization
compared with those of normal sleepers. Similarly, Paudel et al'?
found that older women with short sleep had an increased risk of
hospitalization compared with those having normal sleep duration;
however, there is no difference in the odds of hospitalization be-
tween those having long and normal sleep duration. Further
research on the effect of long sleep on asthma outcomes is
warranted.

This study had several limitations. The cross-sectional nature of
NHANES precluded the inference of causal relationships. Further-
more, available NHANES data did not allow for the examination of
the effect of asthma symptoms on sleep duration; thus, it is
possible that the results could alternatively be explained by
asthma symptoms interfering with sleep duration. Errors in the
recall of the health survey questions may have affected the par-
ticipants' responses. Self-report of sleep duration was less accurate
as objective measures, such as actigraphy or polysomnography. In
addition, the findings could not be adjusted for specific asthma
medication use, asthma control, or sleep-specific factors including
insomnia, sleep quality, and obstructive sleep apnea, which are
possible clinical confounders in the relationship between sleep
duration and patient-reported outcomes and health care use.
Furthermore, this study did not control for other factors that could
affect sleep and asthma such as chronic obstructive pulmonary
disease, gastroesophageal reflux disease, nasal and sinus symp-
toms, and obesity. The study sample was a small representation of
a large number of adults with asthma in the United States, yet the
sample selected for NHANES was representative of the US adult
population.

In conclusion, short sleep duration was associated with
worse patient-reported outcomes, especially more frequent
asthma attacks and coughing with poorer health-related qual-
ity of life, and increased risk of overnight hospitalizations, and
general health care utilization. Long sleep was associated with
some activity limitations. Further investigation into factors
independent of asthma symptoms that may contribute to short
and long sleep duration (eg, insomnia, sleep quality, obstruc-
tive sleep apnea, use of sleep medications, and comorbidities
such as gastroesophageal reflux disease, chronic nasal and
sinus symptoms, and chronic obstructive lung disease) in
adults with asthma is warranted. However, evaluation for sleep
disorders should be considered in adults with asthma because
these conditions could potentially contribute to inadequate
sleep duration and proper treatment may improve health
status.
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