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Abstract

Rationale: Abdominal adiposity may be an important risk factor
for uncontrolled asthma in adults, controlling for general obesity.
Whether the relationship, if present, is explained by other factors
(e.g., asthma onset age, sex, and/or coexisting conditions) is
unclear.

Objectives: To examine whether clinically applicable
anthropometric measures of abdominal adiposity—waist circumference
and waist-to-height ratio (WHtR)—are related to poorer asthma
control in adults with uncontrolled asthma controlling for body mass
index (BMI), and whether the relationship (if present) is explained by
gastroesophageal reflux disorder (GERD), sleep quality, or obstructive
sleep apnea (OSA) or differs by age of asthma onset or sex.

Methods: Patients aged 18 to 70 years with uncontrolled asthma
(n = 90) participated in a 6-month randomized clinical trial.

Measurements and Main Results: Baseline measures included
sociodemographics, standardized anthropometrics, Asthma
Control Test (ACT), GERD Symptom Assessment Scale, Pittsburgh
Sleep Quality Index, and Berlin Questionnaire for Sleep Apnea.
Participants (mean [SD] age, 52 [12] yr) were racially and
ethnically diverse, 67% women, and 69% overweight or obese, and
71% reported their age of asthma onset was 12 years or older.
Participants had uncontrolled asthma (mean [SD] ACT score, 14.9

[3.7]) and low GERD symptoms score (0.6 [0.4]); 67% reported
poor sleep quality, and 42% had a high OSA risk. General

linear regression results showed that worse ACT scores were
significantly associated with every SD increase in waist circumference
(B= —1.03; 95% confidence interval [CI], —1.96 to —0.16; P = 0.02)
and waist-to-height ratio (8= —1.16; 95% CI, —2.00 to —0.33;

P = 0.008), controlling for sociodemographics. Waist-to-height ratio
remained correlated with ACT (8= —2.30; 95% CI, —4.16 to —0.45;
P = 0.02) after further adjusting for BMI. The BMI-controlled
relationship between WHtR and ACT did not differ by age of
asthma onset or sex (P > 0.05 for interactions) and persisted after
additional adjustment for GERD, sleep quality, or OSA scores. Poor
sleep quality was associated with worse ACT scores (8= —0.87;
95% CI, —1.71 to —0.03; P = 0.045) controlling for waist-to-
height ratio, BMI, and sociodemographics.

Conclusions: Abdominal adiposity by waist-to-height ratio and
poor sleep quality correlated with poorer asthma control in adults
with uncontrolled asthma, after controlling for BMI and
sociodemographics. These results warrant replication in larger
studies of diverse populations.

Clinical trial registered with www.clinicaltrials.gov (NCT
01725945).
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Obesity and asthma prevalence have
increased concurrently (1-3). Obesity is

a recognized risk factor for incident asthma
(4). Obese people with asthma also tend to
have blunted responsiveness to asthma
controller therapies and poorer asthma
control compared with their normal-weight
counterparts (4, 5). Body mass index (BMI)
is a clinically validated, widely used global
anthropometric index of adiposity, which,
however, has been criticized for its inability
to indicate fat distribution (6). Indeed,
some adult studies have shown that
abdominal adiposity indices, such as waist
circumference (WC) or waist-to-height
ratio (WHtR), are more strongly
associated with asthma prevalence (7-9)
and incidence (10) and lung function
impairment (11, 12) than BML

Although the obesity-asthma relation
is established, the extent to which it is
explained by other factors (e.g., age of
asthma onset, demographics, and
comorbidities) is not well understood.
Emerging data suggest the possibility of at
least two distinct asthma phenotypes in
obese adults depending on the age of asthma
onset and the presence of atopy (8, 13).
Obesity is a recognized risk factor for later-
onset (=12 yr of age), typically nonatopic
asthma, the phenotype predominantly found
in women and that is more difficult to
control than the early-onset, typically atopic
asthma that coexists with obesity (8, 13).
Among the myriad hypothesized
mechanisms, coexisting conditions, such as
gastroesophageal reflux disorder (GERD),
suboptimal sleep quality, and obstructive
sleep apnea (OSA), may contribute to worse
asthma control in adults (14).

Symptom control is an asthma
treatment goal that, unfortunately, is elusive
for many patients with asthma (15). Patients
with uncontrolled asthma incur high
health-care use and costs, significant
functional impairment and psychological
distress, and poor quality of life (16-18).
Few studies have examined the association
of abdominal and general adiposity with
asthma control, specifically in adults with
uncontrolled asthma, and the possible
explanatory factors for such an association,
if present. Using data from a well-
characterized sample of adults with
uncontrolled asthma, we examined whether
clinically applicable anthropometrics—
higher BMI, WC, and WHtR—were related
to poorer asthma control and whether WC
and WHIR remained associated with

asthma control after adjusting for BMI.
Conditional on a positive association
between any of the adiposity indices and
asthma control, we also explored whether
the relationship varied by reported age of
asthma onset or sex and whether it might
be explained by GERD symptoms, sleep
quality, or OSA risk. Some of the results of
this study have been previously reported in
the form of an abstract (19).

Methods

This study used baseline data from the
ongoing DASH (Dietary Approaches to Stop
Hypertension) for Asthma trial, a randomized
controlled pilot study designed to evaluate
the feasibility and potential effects of the
DASH eating pattern among adults with
uncontrolled asthma. The trial protocol was
published previously (20). The Kaiser
Foundation Research Institute’s Institutional
Review Board in the Northern California
region approved the study, and all participants
provided written informed consent.

Study Population

Participants aged 18 to 70 years with
uncontrolled persistent asthma were recruited
from Kaiser Permanente medical centers in
San Francisco and Hayward, California.
Patients who likely had uncontrolled
persistent asthma (based on their emergency
visits, hospitalizations, and/or pharmacy
records in the past year) were identified by
querying the Kaiser Permanente electronic
asthma registry. Approval was obtained from
primary care providers to further screen
patients in their practice. Patients received
recruitment letters briefly explaining the study
and inviting them to complete the initial
screening (online or by phone), which
included the five-item Asthma Control Test
(ACT) (21) and other eligibility questions.
Uncontrolled asthma was defined by an ACT
total score less than or equal to 19 or an item
score less than 3 for any of the first four
questions: symptoms (three to six times per
week or more), nighttime awakening (once
a week or more), interference with normal
activity (at least some of the time), and rescue
medication use for symptom relief (two to
three times per week or more). Patients
screened eligible were invited to attend a
1-hour orientation during which their height
and weight were measured and written
informed consent obtained. Consenting
participants with a BMI between 18.5 and
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39.9 underwent further baseline evaluation
before randomization.

Data Collection and Measures

Baseline measures reported in this
manuscript included sociodemographics,
standardized anthropometric measurements,
GERD Symptom Assessment Scale
(GSAS), Pittsburgh Sleep Quality Index
(PSQI), Berlin Questionnaire for Sleep
Apnea (BQ), and ACT.

Sociodemographics and age of asthma
onset. Sociodemographics included age, sex,
race, ethnicity, education, income, and
smoking status. Participants were asked to
recall when they were first diagnosed with
asthma (< 5, 5-11, or = 12 yr of age).

Anthropometric measurements. Height
and weight, in light indoor clothes
without shoes, were measured using
a wall-mounted stadiometer and a digital or
balance beam scale, respectively, following
standardized protocols (22). Waist
circumference was measured on bare skin
using a nonstretchable tape, according to a
standardized protocol, in a horizontal plane
around the abdomen at the level of the
right iliac crest (23). All measurements were
taken in duplicate. A third measurement
was taken if the first two measurements
differed by greater than 1.0 cm (1/4”) for
height, by greater than 0.1 pounds (0.05 kg)
for weight, and by greater than 1.0 cm (1/4”)
for waist circumference. If a third
measurement was taken, the two closest
measurements were averaged. If the third
measurement fell equally between the first
two measurements, all three were averaged.

GSAS. The GSAS measures the
presence, frequency, and distress of 15
GERD-associated symptoms during the
previous week (24). Distress is rated on
a 4-point scale ranging from 0 (not at all) to
3 (very much). If a symptom is reportedly
not present, the distress score is assigned 0.
The GSAS score is the average of symptom
scores if at least 12 are nonmissing;
otherwise, the GSAS score is assigned
missing.

PSQI. The PSQI assesses sleep quality
during the past month based on sleep
latency, duration, and efficiency; sleep
disturbances; use of sleep medication; and
daytime dysfunction (25). Each PSQI item
is scored from 0 to 3, and higher sum scores
indicate worse sleep quality, with poor sleep
quality defined as PSQI greater than 5.

BQ for sleep apnea. The BQ is
a validated instrument to assess the
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frequency of snoring (category 1) and
daytime somnolence (category 2) and the
presence of obesity (i.e., BMI > 30 kg/m?)
or hypertension (category 3) (26). Categories
1 and 2 are positive if the responses
indicate frequent symptoms (>3-4 times/wk)
and category 3 is positive if either
obesity or hypertension is present. Patients
with two or more positive categories

(i.e., BQ score = 2) are considered to be
at high risk for OSA.

ACT. The ACT is a validated, self-
administered composite measure of asthma
control. It assesses the frequency of asthma-
related normal activity interference,
symptoms, nighttime awakening, and rescue
medication use for symptom relief, and the
patient’s overall perception of asthma control,
during the past 4 weeks (21). The sum of the
five questions (each scored from 1 to 5)
indicates overall asthma control (range, 5-25;
higher scores indicate better control). This
study enrolled participants meeting the above-
mentioned criteria of uncontrolled asthma.

Data Analysis
Frequencies and percentages were calculated
for categorical variables, and means and SDs
for continuous variables. Unadjusted linear
regression analysis examined the associations
of BMI, WC, WHtR, GERD, sleep quality,
and OSA scores (standardized as [raw
value — mean]/SD) with ACT scores.
Multivariable linear regression analysis
examined the association of each
standardized adiposity index with ACT
while controlling for sociodemographics
(age, sex, race/ethnicity, education, income,
and smoking status) (i.e., Model 1). In
addition to these covariates, Model 2
controlled for BMI to assess the association
of standardized WC and WHIR separately
with ACT. The potential modification effects
of reported age of asthma onset (early onset,
<12 yr; later onset, =12 yr) and sex on the
association between WC or WHtR and
ACT, if shown significant in Model 2, were
evaluated by adding each potential modifier
and its interaction with the standardized
abdominal adiposity index to Model 2.
Standardized OSA, GERD, and sleep
quality scores were added separately to
a significant Model 2 to examine whether
any of them affected the strength of the
relationship of WC or WHtR with ACT. All
analyses were conducted in SAS version 9.2
(SAS Institute Inc., Cary, NC). Statistical
significance was set at P < 0.05 (two-tailed).
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Results

Participant Characteristics

The 90 participants had an average age of 52
years(SD, 12 yr), were mostly women (67%),
and were racially and ethnically diverse
(31% Asian/Pacific Islander, 14% Hispanic/

Table 1. Study participant characteristics

Latino, and 11% non-Hispanic black)
(Table 1). Overall, 31% were normal weight
(BMLI, 18.5 to <25), 41% overweight (BMI,
25 to <30), and 28% obese (BMI = 30).
Also, 57% had large WC (i.e., =102 cm for
men; =88 cm for women) (27), and 91%
had WHtR = 0.5, typical cutoffs for
defining abdominal obesity (28). All
participants had uncontrolled asthma
(mean [SD] ACT score, 14.9 [3.7]; a score
< 16 indicates very poorly controlled
asthma), with 71% reporting age of asthma
onset 12 years or older. They had low
GERD symptoms score (mean [SD], 0.6

Characteristics

Age, yr, %
18 to <45
45 to <60
60+

Sex, %
Male
Female

Race/ethnicity, %
Non-Hispanic white
Non-Hispanic black
Asian/Pacific Islander
Hispanic

Education, %
<High school
High school/GED
Some college
College or above

Family annual income, % (n = 87)
<$35,000
$35,000 to <$55,000
$55,000 to <$75,000
$75,000 to <$100,000
$100,000 to <$125,000
$125,000+

Smoking status, %
Current/ex-smoker
Never smoker

Age of asthma onset, %
Early (<12 yr)
Later (=12 yr)

BMI, kg/m?

WC, cm

WHtR

GERD score

Sleep quality score

Poor sleep quality, %

OSA score (n = 88)

High OSA risk, % (n = 88)

ACT

Mean =+ SD or %*

52 =12
29
42
29

33
67

43
11
31
14

2
7
38
53

15
15
18
18
13
21

26
74

29
71
279 = 4.8
96.6 = 12.7
0.59 = 0.07
0.6 £ 04
7.8 3.9

Definition of abbreviations: ACT = Asthma Control Test (range, 5-25; higher scores indicate better
control; <16, very poorly controlled asthma); BMI = body mass index; GED = General Education
Development; GERD = gastroesophageal reflux disorder (range, 0-3; higher scores indicate more
distress); OSA = obstructive sleep apnea (range, 0-3; higher scores indicate higher risk; =2, high
OSA risk); sleep quality (range, 0-21; higher scores indicate poorer quality; >5, poor sleep quality);
WC = waist circumference; WHtR = waist-to-height ratio.

*n = 90 unless indicated otherwise.
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[0.4]), 67% reported poor sleep quality, and
42% had a high OSA risk.

Adiposity Indices and Asthma Control
Unadjusted associations of standardized BMI
(B = —0.90; 95% CI, —1.65 to —0.14; P =
0.02), WC (B = —0.95; 95% CI, —1.71 to
—0.20; P = 0.01), and WHItR (8 = —1.15; 95%
CIL, —1.89 to —0.42; P = 0.003) with ACT were
significant (Figure 1). One SD increase in BMI,
WC, and WHtR was associated with a 0.90-,
0.95-, and 1.15-point decrease, respectively, in
ACT score (lower scores indicate poorer
control). Adjusting for sociodemographics
attenuated the association of BMI (8 = —0.78;
95% CI, —1.64 to 0.08; P = 0.08) but did not
change the significant inverse associations of
abdominal adiposity by WC (8 = —1.03;
95% CI, —1.96 to —0.16; P = 0.02) and WHItR
(B = —1.16; 95% CI, —2.00 to —0.33; P =
0.008), with ACT (Model 1, Figure 1). The
association between WHtR and ACT

(B = —2.30; 95% CI, —4.16 to —0.45; P =
0.02) persisted even after further adjusting for
BMI (Model 2, Figure 1). The BMI-controlled
relationship between WHIR and ACT did
not differ by age of asthma onset (interaction
with WHtR: P = 0.14) or sex (P = 0.61).

The unadjusted association of ACT
scores with standardized sleep quality scores
was significant (8 = —1.07; 95% CI, —1.81
to —0.33; P = 0.006) but was not with
GERD and OSA (Figure 2). One SD
increase in sleep quality score (higher
scores indicate poorer quality) was
associated with a 1.07-point decrease in
ACT score. The BMI-controlled
relationship between WHtR and ACT
persisted after additional adjustment for

GERD, sleep quality, or OSA scores
(Figure 2). These same models also showed
that poor sleep quality was significantly
correlated with worse ACT scores

(B =—-08795% CL, —1.71 to —0.03; P =
0.045), controlling for WHtR, BMI, and
sociodemographics, but that GERD and
OSA were not (Figure 2). A sensitivity
analysis showed that the unadjusted
association between standardized sleep
quality scores and ACT scores without the
item on nighttime awakenings due to
asthma symptoms was 8 = —0.74 (95% CI,
—1.29 to —0.19; P = 0.01) and the adjusted
association was 3 = —0.60 (95% CI, —1.23
to 0.02; P = 0.06).

Discussion

This study showed that in a clinical sample
of adults with uncontrolled asthma,
increasing abdominal adiposity, as indicated
by WC and WHIR, was associated with
poorer asthma control by ACT. Moreover,
the WHIR association remained significant
even after adjusting for BMI. This is
consistent with prior cross-sectional and
prospective cohort studies suggesting that
abdominal obesity not only adversely affects
asthma prevalence and incidence and lung
function but possibly does so even after
accounting for the effect of general obesity
(7-12). Hypothesized mechanisms include
the effects of abdominal adipose tissue

on respiratory mechanics and airway
inflammation (29-31). Abdominal
adiposity can reduce chest wall compliance,
respiratory muscle strength and function,
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15 25 35 45 60 80 100 120 140
BMI (kg/m?) Waist Circumference (cm)
Bt 95% ClI PValue Bt 95% ClI P Value
Unadjusted -0.90 -1.65,-0.14 0.02 -0.95 -1.71,-0.20 0.01
Model 1% -0.78 —-1.64, 0.08 0.08 -1.03 -1.96,-0.16 0.02
Model 2§ -1.41 -3.23, 0.42 0.14

lung volumes, and peripheral airway
diameter, which, in turn, may result in
airway hyperresponsiveness and asthma
(29-31). In addition, abdominal adiposity
can lead to an imbalance in the production
of adipokines, chemokines, and cytokines,
which may cause airway inflammation and
consequently promote the expression of
asthma (29, 30). Abdominal visceral
adipose tissue is more proinflammatory
than abdominal and gluteal subcutaneous
adipose tissue (32-36). WHtR takes

height into consideration. A metaanalysis
of studies across different populations
concluded that WHIR is superior to WC
and BMI in the discrimination of obesity-
related cardiometabolic risk (35), because
short subjects have higher levels of risk
factors than tall subjects in the same WC
group, especially in the group with a WC
below the commonly used cut-off point
(i.e., 102 cm in men; 88 cm in women) (37).
Koch and colleagues proposed that adverse
environment in early life may program
short stature and predisposition to abdominal
obesity and cardiometabolic risk factors in
adult life (38).

It is worth noting that conflicting
findings exist regarding the relation of
general and abdominal obesity with asthma
outcomes (39-42). Bustos and colleagues
(40) found BMI, but not WC, was
a significant predictor of asthma symptoms,
such as exercise-induced wheezing and
breathlessness, whereas other studies (39,
41, 42) showed BMI and WC were
comparably associated with asthma
prevalence and symptoms. The results of
these studies are not directly comparable

C 251
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Bt 95% Cl P Value
-1.15 -1.89, -0.42 0.003
-1.16 -2.00, -0.33 0.008
—2.30 —4.16, -0.45 0.02

Figure 1. Associations between adiposity indices and Asthma Control Test (ACT) scores (range, 5-25; higher scores indicate better control). Graphs
show unadjusted associations between raw values of adiposity indices and ACT scores. 'Standardized as (raw value — mean)/SD and examined as
a continuous variable in the regression model. ¥Model 1 controlled for age, sex, race/ethnicity, education, income, and smoking status. SModel 2
controlled for all Model 1 covariates and body mass index (BMI). Cl = confidence interval. P values in bold were statistically significant (<0.05).
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Figure 2. Associations of gastroesophageal reflux disorder (GERD) symptoms (range, 0-3; higher scores indicate more distress), sleep quality, and
obstructive sleep apnea risk scores with Asthma Control Test (ACT) scores (range, 5-25; higher scores indicate better control). OSA = obstructive
sleep apnea (range, 0-3; higher scores indicate higher risk); SQ = sleep quality (range, 0-21; higher scores indicate poorer quality); WHtR =
waist-to-height ratio. Graphs show unadjusted associations of raw values of coexisting conditions with ACT scores. 'Standardized as (raw
value — mean)/SD and examined as a continuous variable in the regression model. *Each adjusted model included WHtR and the coexisting
condition (OSA, GERD, or sleep quality), controlling for age, sex, race/ethnicity, education, income, smoking status, and BMI. P values in bold

were statistically significant (<0.05).

because of heterogeneous sample
characteristics (e.g., different demographics
and varied clinical manifestations of asthma
and obesity), study designs (e.g., cross-
sectional vs. prospective cohort, population
samples vs. small convenience samples),
and clinical endpoints (e.g., asthma
prevalence vs. asthma incidence vs. self-
reported asthma symptoms and/or lung
function).

Our study showed that the BMI-
adjusted relationship between WHtR and
ACT was unaffected by further adjustment
for GERD, poor sleep quality, or OSA. One
cross-sectional study showed that
adjustment for OSA and demographics
attenuated the bivariate association
between obesity (defined as a BMI = 30
kg/m?) and asthma control in adults with
controlled or uncontrolled asthma (14).
Another cross-sectional study examined
the association between OSA and GERD
with asthma control in obese patients
with asthma and found that OSA, but not
GERD, was significantly associated with
poorer asthma control after adjusting for
lung function, race, and sex (43). These
results may not be directly comparable to
ours because of different adiposity
indices or asthma control levels.
Notwithstanding, our study showed that
poor sleep quality was correlated with
worse asthma control, controlling for
WHItR, BMI, and sociodemographics.
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Luyster and colleagues showed a similar
relationship by comparing patients with
severe and nonsevere asthma and their
healthy counterparts (44). Asthma can
lead to poor sleep quality because of
nocturnal symptoms. Interestingly, poor
sleep quality was also reported by 61% of
participants who had no or infrequent
(once or twice a month) nighttime
asthma symptoms in our study and by
88 to 100% of those with no nighttime
symptoms in the Luyster study (44). Our
sensitivity analysis also suggested an
association of poor sleep quality with
worse ACT scores excluding the item
on nighttime awakenings due to
asthma symptoms. Patients with
asthma may experience poor sleep
quality for reasons other than asthma
symptom-related sleep disturbances
(44). Sleep quality also may deteriorate
with age (45) and use of certain
common asthma medications (e.g.,
inhaled corticosteroids and short-acting
B-agonists) (46-48). Further research
is needed to elucidate the mechanism
linking sleep quality and disorders (e.g.,
OSA) to asthma control, especially
among individuals who report no
or infrequent nighttime asthma
symptoms.

Research on factors influencing
the level of asthma control in adults is
needed to guide clinical interventions

targeted at the high-risk, high-cost
population with uncontrolled asthma.
Leveraging unique baseline data from
an ongoing trial, this study focused on
indices of general and abdominal
adiposity and explored several variables
that might modify or explain their
relationship with asthma control in

a racially and ethnically diverse sample of
adult patients with uncontrolled asthma.
However, our study had a number of
potential limitations. First, it was a cross-
sectional study of a small sample with
relatively high education and income
level, which precludes causal inferences
and generalizability of the findings to
other populations. Second, GERD, sleep
quality, and OSA were assessed by self-
report for a short period of time (e.g., 1
wk for GERD and 1 mo for sleep quality),
even though the instruments used have
been previously validated in diverse
populations. Third, age of asthma onset
was self-reported and, consequently,
subject to recall bias. Despite these
limitations, the observed associations of
increasing abdominal adiposity as
measured by WHtR and poor sleep
quality with worse asthma control,
adjusted for BMI and sociodemographics,
in adults with uncontrolled asthma
warrant replication. Larger studies of
diverse populations with longitudinal
patient data, for example, by leveraging
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existing prospective cohorts or electronic
health records are needed. If replicated,
the therapeutic and mechanistic
implications will require further
interventional studies.

In conclusion, our results suggest
that in adults with uncontrolled asthma,
abdominal adiposity (as measured by
WHItR) and poor sleep quality may
contribute to poorer asthma control,
controlling for BMI. These findings

have potential clinical and public health
relevance because of the increasing
prevalence of abdominal obesity and
sleep disturbances in the United States
(49, 50). Waist circumference should
be a standard measure like weight and
height in clinical research and practice.
If confirmed in future research, clinical
interventions to address the mechanisms
linking abdominal obesity or sleep
quality with poorer asthma control

may complement standard asthma
treatment to improve the quality of
care and health outcomes among
adults with uncontrolled asthma. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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