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Abstract
Background—Obesity is more prevalent in asthmatics. Short sleep duration is a novel risk
factor for obesity in general populations.

Objective—We tested the association of sleep duration and asthma characteristics with obesity.

Methods—Adults at tertiary clinics were surveyed on asthma symptoms and habitual sleep
duration. Medical records were used to assess asthma severity step (1-4), extract height and
weight, current medications and diagnosed comorbid conditions. BMI≥30 kg/m2 defined obesity.
Habitual sleep was categorized as <6 (very short), 6 to <7h (short), 7-8h (normal), >8 to ≤9h
(long) and >9h (very long). Inhaled corticosteroid doses were categorized as low, moderate and
high.

Results—Among 611 participants (mean BMI 30±8), 249 (41%) were obese. After adjustment
for covariates, obesity was associated with short and very long sleep: as compared to normal
sleepers, the odds of being obese were on average 66% higher ([95% Confidence Interval:
1.07-2.57], p=0.02) among short and 124% higher ([1.08-1.65], p=0.03) among very long sleepers,
and the association with very short sleep approached significance (1.74 [0.96-3.14], p=0.06).
Obesity was also significantly related to highest asthma step (1.87 [1.09-3.21], p=0.02) and
psychopathology (1.64 [1.08-2.48], p=0.02), and a trend was seen with high dose inhaled
corticosteroids (1.82 [0.93-3.56], p=0.08).

Conclusions—Obesity in asthmatics is associated with shorter and very long sleep duration,
worse asthma severity, psychopathology, and high dose inhaled corticosteroids. Although this
cross-sectional study cannot prove causality, we speculate that further investigation of sleep may
provide new opportunities to reduce the rising prevalence of obesity among asthmatics.
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1. Introduction
Obesity is more prevalent in individuals with asthma than those without asthma.1 While this
relationship may be bidirectional, the vast majority of studies have focused on the influence
obesity has on incident asthma or asthma control and underlying mechanisms.2, 3

Earlier studies have suggested that antecedent asthma may lead to obesity, however this
direction of the relationship has received far less attention. In a large cross-sectional study of
women of reproductive age, those who were overweight or obese were more likely to have
had a history of asthma; women who had gained ≥20 kg during their adult years (since age
18) compared with those who maintained their weight had a 2.7-fold increased odds of
asthma.4 Furthermore, in the Zurich Cohort Study—a prospective cohort study of 591
subjects followed for over 20 years—subjects with vs. those without asthma experienced a
higher rate of weight gain.5 This relationship was stronger in women than men.5

What may predispose individuals with asthma to weight gain is unknown. It was initially
hypothesized that poor asthma control may lead to a more sedentary lifestyle, which could
result in more obesity in this population. However, energy expenditure and activity levels do
not appear to be less when comparing asthmatic and non-asthmatic children.6, 7 For years, it
has been thought that corticosteroids used to treat asthma might be associated with weight
gain, as a side effect.8 More recent data has been less favorable to this association. While
use of oral corticosteroids may affect body composition,9 self-reported use of more modern
asthma medications was not associated with obesity in one large cross-sectional study of
Swedish population.8 Although psychopathology appears to play important roles in the
development and persistence of both asthma10 and obesity,11 this has rarely been considered
as a shared risk factor in studies of asthma–obesity comorbidity.5 Depression on during
childhood was associated with adult obesity and asthma, partially explaining the asthma-
obesity comorbidity.5

Sleep duration is emerging as a novel risk factor for obesity in population-based studies.12-15

In a prospective cohort of young adults, there was a negative association between sleep
duration and obesity.13 Furthermore, short sleep duration appears independently associated
with weight gain, particularly in younger age.16 Asthmatics have shorter and more disrupted
sleep than normal individuals, in relation with disease control.17, 18 For example, in a large
sample representative of adult Israeli population (age 21 and older), almost 45% of
asthmatics reported sleeping less than 6 hours/night.10

We aimed to study the relationship of asthma and related characteristics with obesity, to test
potential risk factors for obesity in asthma. Specifically, we assessed the association of
obesity with sleep duration, asthma itself, and related characteristics such as medications
and comorbidities. We hypothesized that short sleep duration, asthma severity,
corticosteroid use and psychopathology will be each related to obesity. A report of
preliminary findings of this work was previously published.19

2. Methods
2.1. Subjects

The sample included asthma patients seen in routine follow-up at the Allergy and Pulmonary
subspecialty clinics at the University of Michigan (UM)- Ann Arbor between February 2005
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(when the question on habitual sleep duration was added to the original survey) to April
2006 and the University of Wisconsin (UW)- Madison between July 2007 and December
2008. Subjects were enrolled as part of an ongoing study on the relationship between OSA
and asthma, approved by University of Michigan Medical School Institutional Review
Board for Human Subject Research and University of Wisconsin Health Sciences
Institutional Review Board. Each participant provided written informed consent. To be
eligible, subjects must have been 18-75 years old and have had specialist-diagnosed20 and
managed asthma. Urgent asthma visits and current pregnancy were exclusion criteria. As
part of their clinic visits, patients underwent history, physical examination, asthma control
assessment and spirometry.

2.2 Survey Content and Medical Records Review
Surveys were self-administered and included questionnaires and items regarding
demographics (age, gender, height, weight, race, and smoking status). In February 2005, a
question on the average sleep duration over the 24 hour period was added to the initial
survey. A similar question has been previously validated against sleep diaries21 and used
extensively in other studies of the relationship between sleep duration and health.21-27 The
questionnaire also assessed the frequency of daytime and nighttime asthma symptoms
categorized following the National Asthma Education and Prevention Program (NAEPP)
classification of asthma severity based on clinical features.28

Medical records were subsequently reviewed by study physicians, unblinded to the study
hypothesis, but who were experienced physicians, very familiar with the record systems, and
following study-specific data collection forms and protocol guidelines. The purpose of the
reviews was to exclude subjects with any additional lung disease (chronic obstructive
pulmonary disease, allergic bronchopulmonary aspergillosis and interstitial lung diseases),
and obtain spirometric information (associated with the respective screening visits)
necessary to assess asthma severity step. Medical records were also reviewed (clinic visit
notes and/or spirometry reports) to verify self-reported height and weight, and if mismatch
was noted, the clinically-recorded values were used. Last, noted from charts were
established diagnoses of comorbidities (rhinitis, chronic sinusitis, nasal polyposis, and
psychiatric disease specifically depression, anxiety, panic or bipolar disorders) possibly
linked etiologically to obesity, and current asthma medications. These included inhaled and
oral corticosteroids, long acting β-agonists, theophylline and leukotriene modifiers. Due to
limited availability, peak flow variability was not used in asthma step assessment.

In order to separately evaluate associations of both, clinical features of asthma and asthma
medications respectively with obesity, asthma step was evaluated based on symptoms and
FEV1% predicted, using their categories from NAEPP guidelines28: (i) step 1, patients with
daytime symptoms ≤2 days/week, nighttime symptoms ≤2 nights/month and FEV1≥80%;
(ii) step 2, patients with daytime symptoms 3-6 days/week, nighttime symptoms more than 2
nights/month (3-4 nights/month) and FEV1≥80%; (iii) step 3, patients with daily asthma
symptoms, nocturnal symptoms ≥ 5/month (or >once /week) or FEV1 between >60%-<80%;
(iv) step 4, patients with continuous daytime symptoms, frequent nighttime symptoms or
FEV1≤60%. The asthma step was determined by the most severe qualifying feature among
those listed.

2.3 Data analysis
A body mass index (BMI) ≥30kg/m2 defined obesity (Center for Disease Control and
Prevention). Habitual sleep duration was categorized as <5h, 5 to <6, 6 to <7h, 7-8h
(normal) , >8 to 9h and >9h, as previously reported.21 Because only 22 subjects reported
sleeping <5h, the two shortest sleep categories were collapsed together, thus, the following
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five categories were used for analysis: <6 (very short), 6 to <7h (short), 7-8h (normal), >8 to
≤9h (long) and >9h (very long) sleepers. For each sleep duration category other than normal
(7-8h), dummy variables were created and referred to this category in all subsequent
analyses. Asthma step ≥2 defined persistent asthma. Dummy variables referenced to asthma
step 1 were created for each of the other asthma steps, to use in the regression models. The
doses of inhaled corticosteroids (ICS) were classified as: low, medium and high, per NAEPP
guidelines for adults.29 For each ICS dose category, a dummy variable was created and
compared with the “no ICS use” as the referent. Age ≥ 30 was stratified in decades, and the
18-29 years old group was used as the referent. African-Americans were compared to all
other races combined.

Statistical analyses were conducted using SAS statistical software (Version 9.2, SAS
Institute Inc. Cary, NC). Continuous variables were summarized as means ± standard
deviation (s.d.) and categorical variables as numbers (%). Two sample t-tests were used to
test for site differences in BMI. Linear relationships were assessed with Cochrane-Armitage
tests for trends. Chi-square tests and logistic regression were used to assess for univariate
relationships. Multivariate models with obesity as the dependent variables were constructed
with sequential addition to asthma severity step of demographics, asthma medications and
comorbidities (that demonstrated statistically significant associations or trends in the
univariate analyses), and sleep duration; study site was included in all these models. Only
two-sided hypotheses were tested and the significance level was set at p<0.05. Trends were
noted when p-values ranged 0.05-0.10.

3. Results
Of the 709 subjects approached, 658 (93%) consented to the study of whom 47 were
excluded because of comorbid lung disease. Among the remaining n=611 subjects, 142 were
recruited at the UM and 469 at the UW.

Table 1 presents demographic, physiologic and clinical characteristics of the study
population. The mean BMI was 30±8 kg/m2 and 249 (41%) subjects were obese; about half
(51%) had persistent asthma (step ≥2). Subjects at UM had on average higher BMI
(32.4±9.3 vs. 28.9±6.8, p<0.0001) and were more often obese (60% vs. 35%, p<0.0001).
Mean habitual sleep duration was 7.16±1.57h overall; within its categories, 4.63±0.94h
among very short, 6.16±0.24h in short, 7.44±0.46h in normal, 8.85±0.23h in long and
10.79±1.50h in very long sleepers. Very short habitual sleep was associated with higher
asthma steps (odds ratio [95% confidence interval] =2.77 [1.71-4.49], p<0.0001)) and more
often persistent (step≥2) asthma (2.69 [1.53-4.71], p=0.0006); the relationship of short sleep
with persistent asthma approached significance (1.46 [0.98-2.17], p=0.06), but no
associations between other sleep duration categories with asthma severity were noted (all p-
values >0.10).

The proportion of obesity was higher among short sleep duration categories and among very
long sleepers, and lowest among normal and long sleepers (Figure 1, chi-square
statistic=22.83, p=0.0001). The proportion of subjects with obesity increased with asthma
severity step (Figure 2, Cochrane-Armitage Z-statistic=-6.01, p<0.0001 for the linear trend)
and with ICS dose (Figure 3, Cochrane- Armitage Z-statistic=-4.42, p<0.0001).

Table 2 presents the univariate associations of obesity with sleep duration, asthma severity
step, demographics, corticosteroid and other asthma medications use, and comorbidities.
Obesity was significantly associated with shorter and very long sleep duration categories,
higher asthma steps (3 and 4), age and African-American race, ICS use particularly in high
doses, oral corticosteroid and LABA use, rhinitis and psychiatric disease. Trends were noted
with LTM use. No significant relationships were seen with long sleep duration and other
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medications. When these variables were sequentially included, along with the study site, in
multivariate regression models (Table 3), although the odds ratios estimates were slightly
attenuated, the association of obesity with both short sleep and very long sleep duration were
maintained, and the association with very short sleep duration approached significance. In
the final model, independent of all these covariates, the odds of being obese were on average
74% higher ([95% CI: 0.96-3.14], p=0.06) among very short sleepers as compared to normal
sleepers, 66% higher ([1.07-2.57], p=0.02) among short sleepers and 124% higher
([1.08-1.65], p=0.03) among very long sleepers. Significant associations with obesity were
also maintained for highest asthma step, psychiatric disease, age and African-American race.
As compared to asthma severity step 1, for individuals in step 4 the likelihood of being
obese was on average 87% higher ( [1.09-3.21], p=0.02). While reduced to a trend in Model
III, the relationship with high ICS dose somewhat strengthened with progressive adjustment
for all covariates in the final model (1.82 [0.93-3.56], p=0.08). No statistically significant
relationships or trends were seen for long sleep duration, the other asthma steps, lower ICS
doses and other asthma medications, and rhinitis.

4. Discussion
In this study of a large sample of asthma patients seen in tertiary care settings, obesity was
associated with shorter and very long sleep duration, highest asthma severity step, and
psychopathology, each independent of the other. A trend was seen with high doses of ICS.
Although this cross-sectional analysis cannot prove causality, our data suggest for the first
time in asthma patients that modifiable factors such as sleep duration may contribute to
obesity, and offer new opportunities to intervene to abate this epidemic in asthma patients.

The high participation rate in our survey (93%) makes these results generalizable to other
populations of asthmatics in tertiary settings. In that context, our results indicate higher
prevalence of obesity in asthma compared with that in the general population in two states
ranking among the top in the prevalence of obesity in the US.30 Our sample also
demonstrates similar obesity dynamics as in the general population in regards to known risk
factors such age and race.19 These made our sample particularly well-suited to explore
associations between characteristics more unique to this population and obesity.

We found a significant association of short and very long sleep duration with obesity (Figure
1, Table 2 and 3) in these patients inherently predisposed to sleep disturbance; the
association with very short sleep duration only approached significance likely as a result of
much smaller number of subjects in this group than in the short or normal sleep category.
Short sleep duration has emerged as an independent risk factor for weight gain,12, 16 as well
as for adverse outcomes in various disease processes,23, 24, 26, 31-33 and for mortality. 21, 22

In a retrospective cohort study involving more than 21,000 healthy individuals 20 years or
older, short sleep at baseline was associated with weight gain and obesity, during a 3-year
period.14 This is further supported by a 6-year prospective study of 276 adults, which
showed an association of short sleep duration with weight gain, when adjusting for levels of
physical activity and other relevant confounders.12 Reduced sleep is associated with fatigue
and pain,33 significant adverse cardiovascular, metabolic23, 24, 26, 31-33 and, as more recently
reported with respiratory outcomes,27 and increased mortality.21, 22 To our knowledge, in
the general population, similarly-defined very long sleep duration was not cross-sectionally
associated with obesity,12 though, it was associated with weight gain in time,12 and likewise
with mortality. 21, 22 Our novel cross-sectional association may portend a more accelerated
weight gain in this group of asthmatics, which remains to be investigated in future studies.

Sleep is often disturbed in duration and quality among individuals with asthma, and our data
raises several important questions.10, 34 Indeed, half of our subjects were either shorter (212
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—35%) or longer (91—15%) sleepers. While both these groups appear to be larger than
reported for the average US population,35 most clinical studies of asthma patients in stable
condition report reduced sleep time by means of self-report,36 and objective measures
including actigraphy37 and polysomnography:17, 18 as compared with controls, the asthmatic
patient sleeps ~50 minutes less on average.17, 36 Furthermore, while asthma impairs
sleep,17, 38 reduced sleep may also worsen disease control,34, 38 thereby perpetuating
perhaps asthma-related mechanisms of weight gain. In this study, we did observe
associations of very short sleep duration with asthma step (2.77 [1.71-4.49], p<0.0001)) and
persistent disease (2.69 [1.53-4.71], p=0.0006) while no such associations were seen for
longer sleep categories. Last, in general populations, sleeping 7-8h appears to be “optimal”
based on studies of association with weight gain,12, 16 other important endpoints including
respiratory outcomes23, 24, 26, 27, 31-33 and mortality.21, 22 However, we find that the
association of long (>8 to ≤9h) sleep duration with obesity was no different than that for
normal sleep duration (7-8h). In this context, our observations give rise to several intriguing
clinical questions: 1) what are the distribution and determinants of sleep duration in large,
unselected populations of asthmatics?, and 2) what is an “optimal” sleep duration in
asthmatics, do they need longer “sleep” for optimal health?

The observed relationship of sleep duration with obesity was independent of asthma steps
(Table 3), suggesting that other mechanisms of weight gain may be operational in the
asthmatic individual with altered sleep. In healthy individuals, experimental sleep restriction
under controlled conditions of caloric intake and physical activity, considerably increased
appetite and hunger, particularly for calorie-dense foods with high carbohydrate content.39

This was attributed to the decreased concentration of leptin, an anorexigenic hormone, and
to a higher level of ghrelin, which acts in an opposite direction to leptin, as an appetite
stimulator.39 On the other hand, long sleep has been associated with physical inactivity and
depressive symptoms,10, 35 and other adverse endpoints,23, 24, 27 but our findings are
independent of psychopathology. Whether asthmatics demonstrate similar or augmented
responses to sleep deprivation paradigms, or their disease or other medical
comorbidity23, 24, 27 keeps them even more inactive and at risk for weight gain if their sleep
is altered remains untested, but our findings call for such controlled studies.

Our data show an association of asthma step with obesity. While a causal nature of this
association remains to be confirmed , these data complement previous reports of asthma
(self-reported physician-diagnosis, or asthma attacks or asthma-like breathing symptoms in
the preceding 12-months) leading to obesity later in life.5 Additionally, for the first time, we
show that the association of asthma step with obesity follows a dose-response pattern
(Figure 1, Tables 2 and 3), suggesting that asthmatics with poorer disease control may be
more predisposed to weight gain and obesity. What links asthma and inflammatory
processes with neuroendocrine processes in this direction remains unknown, but leptin may
be one link. Leptin has a dual role, as a cytokine underlying inflammatory/immune
responses,40 and a hormone. Indeed, its circulating levels are elevated in both adults and
children with asthma, independent of body fat measurements,41, 42 and levels subside with
ICS treatment.42 Whether these sustained levels of hyperleptinemia create in any way a state
of central “leptin resistance” and interfere with its role as a regulator of appetite and energy
homeostasis in asthma, remains to be elucidated.

We found that high dose inhaled steroids were significantly associated with obesity in the
univariate analysis (Figure 3 and Table 2), and though it was reduced to a trend in the
multivariate models, this association strengthened with the addition of relevant covariates
(Table 3). It has been previously proposed that weight may increase following
pharmacological asthma treatment.5 Weight gain was one of the most frequently
documented side-effects of corticosteroid treatment for patients with asthma during the
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1950s and 1960s.43 While use of more modern asthma medications was not found to relate
to obesity, no separation more specifically of ICS use, and furthermore of ICS doses was
reported.8 ICS, particularly fluorinated compounds, are highly lipophilic and in a dose-
dependent fashion are systemically absorbed;44, 45 in one study, 5 days of treatment with
high dose of fluticasone caused significant ablation of the 24-hour plasma cortisol.44

Through their systemic absorption, ICS could long-term result in weight gain and obesity, as
they do with other steroid-related systemic side-effects.46 Our data corroborated with this
biological plausibility calls for longitudinal studies to clarify this relationship.

We observed an independent association of psychopathology (depression, anxiety, panic or
bipolar disorders) with obesity (Table 3), suggesting this comorbidity we found with similar
prevalence as in another recent report,47 may predispose asthmatics to weight gain. Our
finding in a clinic-based sample complements reports from epidemiological studies. In the
Zurich Cohort Study, depressive traits in young adulthood were related to increased weight
gain and being overweight 20 years later.48 Childhood depressive symptoms were a risk
factor for obesity y and asthma 20 years later, during adulthood, partially explaining the
asthma-obesity comorbidity.5 Some of these observations arose independent of physical
activity levels, suggesting mechanisms related to the neurobiology of the disease or its
related dysfunctions in the HPA and catecholaminergic systems, and systemic inflammation,
may be at play in this relationship.5, 48

The strengths of this study stem from its large sample size acquired from two large regional
institutions, from two states which rank among the highest in the nation with respect to
obesity prevalence.30 Secondly, the multidimensional assessments with objective data and
self-administered questionnaires, allowed a comprehensive set of relevant variables, not
concomitantly included in prior reports, to be tested for relationships of interest.

We recognize our study has a cross-sectional design which precludes assessment of
causality. Relationships between sleep, asthma, comorbidities, and obesity are likely
bidirectional and our cross-sectional study cannot tease them out fully; nevertheless, these
data are intriguing enough to warrant further prospective studies, to better understand these
interacting pathways. A second limitation relates to use of self-reported rather than
objectively quantified sleep, which lends itself to the possibility of measurement error.
However, our methodology has been previously validated against the average time spent
sleeping recorded on 1-week diaries (Spearman correlation coefficient rho=0.79,
p<0.0001)21 and has been extensively used in sleep research.21-27 In population studies,
relative to objectively recorded sleep, individuals particularly short sleepers, typically
overestimate their sleep time.49, 50 If so, by relying on self-report in our study, the potential
contribution of shorter sleep may be in fact underestimated. Asthmatics consistently report
more sleep disturbance and worse sleep quality,10, 17, 34, 38 in relationship to the disease
severity.34 Furthermore, their perceived sleep quality improves with effective asthma
treatment.38 Thus, the possibility that asthmatics, who often suffer nocturnal disruptions,
ons, are better perceivers of their sleep duration also exists and remains to be tested in future
studies, as does the relationship between self-reported and objectively recorded sleep among
these patients. Third, our participants had been treated for their asthma (Table 1) and our
step classification was solely based on symptoms and FEV1% predicted, which may explain
the heavier representation of milder asthma steps in our population. Additionally,
comorbidities such as psychopathology may still have been missed in some subjects, as our
study design did not include their prospective evaluation and conversely, those recognized in
clinical settings were often treated, potentially reducing their contribution to the associations
of interest. Thus, the observed associations may actually underestimate their true
relationships with obesity. Last, our study is among the first to explore the potential roles of
sleep, asthma and related factors in promoting obesity. A wider range of traditional factors
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for weight gain, such as physical activity, socio-economic status, diabetes, thyroid disease
and family history of obesity, were not included in the design. Future investigations to
expand on these initial observations should include assessments of these additional factors.

In summary, this large study of asthma patients finds that shorter and very long sleep
duration, worst asthma severity, psychopathology, and high dose ICS are associated with
obesity each independent of each other. We believe current data adds to the literature
suggesting that the relationship between asthma and obesity is bidirectional. In view of the
obesity epidemic and the resulting distinct clinical phenotype,51 it is important to understand
which are the risk factors for this phenotype, particularly those modifiable ones. Our study
offers a unique perspective on this relationship, as it suggests that sleep-related factors, the
disease and related characteristics, and mood disorders may each play a role in this
interaction. Optimal control of asthma may well require an understanding of the asthmatic
individual during the 24-hour period, including his/her sleep-wake, activity-rest and energy
balance cycles.
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Abbreviations list

BMI Body Mass Index (in kilograms per meter squared)

CI Confidence Interval

ICS Inhaled Corticosteroids

HPA Hypothalamic Pituitary Axis

LABA Long Acting Beta Agonist

LTM Leukotriene Modifiers

FEV1 Forced Expiratory Volume in first second of the Forced Vital Capacity
maneuver

FVC Forced Vital Capacity

GERD Gastroesophageal Reflux Disease

NAEPP National Asthma Education and Prevention Program

SAS Statistical Analysis Software

UM University of Michigan

UW University of Wisconsin
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Figure 1. Prevalence of obesity in each habitual sleep duration category
The relationship of sleep duration with obesity: the proportion of obesity was higher among
shorter sleep duration categories and very long sleepers, and lowest among normal and long
sleepers (chi-square statistic=22.83, p=0.0001).
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Figure 2. Prevalence of obesity in each asthma severity step
Obesity prevalence increased linearly with asthma severity step (Cochrane-Armitage test for
linear trend Z-statistic=-6.01, p<0.0001).
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Figure 3. Prevalence of obesity within each inhaled corticosteroid (ICS) dose group
Obesity prevalence increased linearly with higher ICS dose group (Cochrane-Armitage test
for linear trend Z-statistic=-4.42, p<0.0001).
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Table 1

Demographic, physiologic and clinical characteristics s of n=611 asthma subjects.

Characteristic Number (%), Mean ± SD

Gender (females) 395 (65%)

Age (years) 47±14

BMI (kg/m2) 30±8 (range: 17-62)

 Obese (BMI≥30) 249 (41%)

Race:

 African-Americans 31 (5%)

 Caucasians 562 (92%)

 Others* 18 (3%)

Current smokers 28 (5%)

FEV1% predicted 92±19

FEV1/FVC 77±9

FEF25-75% predicted 68±31

Asthma Step:

 1 297 (49%)

 2 69 (11%)

 3 134 (22%)

 4 111 (18%)

Habitual sleep duration (h): 7.16±1.57

 very short (<6h) 68 (11%)

 short (≥6 and <7h) 144 (24%)

 normal (7-8h) 308 (50%)

 long (>8 and ≤9h) 51 (8%)

 very long (>9h) 40 (7%)

History of rhinitis 559 (91%)

History of chronic sinusitis 193 (32%)

History of nasal polyps 93 (15%)

History of psychiatric disease 158 (26%)

History of GERD 281 (46%)

Using inhaled corticosteroids (ICS) 471 (77%)

ICS dose:

 low 142 (23%)

 medium 176 (29%)

 high 153 (25%)

Using oral corticosteroids 49 (8%)

Using inhaled long acting β2-agonist (LABA) 371 (61%)

Using leukotriene modifiers (LTM) 156 (26%)

Using theophylline 11 (2%)

*
included Asians, Hawaiian/Pacific Islanders and American Indians/Alaskans.
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SD= standard deviation; BMI= body mass index; FEV1%= forced expiratory volume in the first second of the FVC maneuver; FVC%= forced vital

capacity; FEF 25-75%= forced expiratory flow between 25% and 75% of vital capacity (all these physiologic variables are expressed as

percentages of predicted values); GERD= gastroesophageal reflux disease.
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Table 2

Univariate associations of obesity with sleep duration category, asthma severity y step, asthma medications,
comorbidities and demographics.

OBESITY

OR (95% CI) P-value

Habitual sleep duration

category:

 very short (<6h)* 2.52 (1.48-4.30) 0.0007

 short (≥6 and <7h)* 1.83(1.22-2.74) 0.003

 long (>8 and ≤9h )* 0.91 (0.48-1.72) 0.77

 very long (>9h)* 2.69 (1.38-5.26) 0.004

Asthma steps:

 step 2# 1.48 (0.86-2.55) 0.16

 step 3# 2.04 (1.34-3.11) 0.0009

 step 4# 3.78 (2.39-5.96) <0.0001

Using ICS 1.61 (1.08-2.40) 0.02

ICS dose:

 low† 1.10 (0.67-1.81) 0.70

 medium† 1.38 (0.86-2.19) 0.18

 high† 2.81 (1.75-4.53) <0.0001

Using oral corticosteroids 2.05 (1.14-3.71) 0.02

Using LABA 1.77 (1.26-2.49) 0.0009

Using LTM 1.39 (0.97-2.01) 0.08

Using theophylline 1.22 (0.37-4.09) 0.75

Rhinitis 0.43 (0.24-0.77) 0.005

Chronic sinusitis 1.26 (0.89-1.18) 0.19

Polyps 1.37 (0.88-2.14) 0.16

Psychiatric Disease 1.55 (1.08-2.24) 0.02

Age (in decades)‡ 1.19 (1.07-1.33) 0.001

Gender (female vs. male) 1.20 (0.85-1.68) 0.30

African American§ 6.62 (2.68-16.39) <0.0001

*
relative to normal sleeper (7-8h);

#
relative to asthma step 1;

†
relative to no ICS use;

‡
age 18-29 was the reference category;

§
African American vs. all other races combined.

Abbreviations: OR: Odds Ratios; CI: 95% Confidence Intervals; ICS: inhaled corticosteroid; LABA: long acting β2-agonist; LTM: leukotriene

modifiers.
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