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Background: Asthma and obesity continue to have a significant effect on public health. It is widely accepted that obesity may
be an independent risk factor for asthma and affect asthma severity and quality of life (QOL).

Objective: To examine the relationship between body mass index (BMI [calculated as weight in kilograms divided by height
in meters squared]) and asthma severity, spirometry findings, health care utilization (HCU), and QOL.

Methods: This 12-month prospective randomized controlled trial comparing disease management with traditional care
enrolled 902 patients (473 pediatric and 429 adults) representing an underserved population. Data collected at baseline and at
6-month intervals included demographics, asthma severity, medication use, spirometry findings, and HCU. The QOL was
assessed using the pediatric and adult versions of the Asthma Quality of Life Questionnaire and the 36-Item Short Form Health
Survey. All HCU was determined by means of patient interview and extensive medical record review. Data were analyzed using
negative binomial regression and analysis of variance.

Results: In children, 45% were overweight/obese (17% with BMIs �85th percentile; 28% with BMIs �95th percentile). In adults,
58% were obese (BMIs �30). There was no relationship in children between BMI and severity of asthma, spirometry findings, QOL,
or HCU. In adults, there was no relationship between BMI and asthma severity or HCU. Higher BMI was associated with a significant
reduction in QOL (P � .001). The BMI had an inverse relationship with forced vital capacity but with no other spirometric values.

Conclusions: Obesity was not associated with worse asthma severity, spirometry findings, QOL, or HCU in children. In adults
with asthma, obesity was associated with lower forced vital capacity and QOL but not with severity or HCU.
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INTRODUCTION
Asthma and obesity are important public health issues, and their
prevalence rates continue to rise. Asthma affects approximately
7% of Americans, and related costs are estimated to be more
than $12 billion per year. Between 1980 and 2008, the preva-
lence of asthma increased in children from 3.5% to 9.4% and in
adults from 2.9% to 7.3%.1 Between 2001 and 2003, an average
of 11.6 million people experienced an asthma attack, and asthma
accounted for 61.2 unscheduled office visits per 100 persons
with asthma, 1.8 million emergency department visits, 504,000
hospitalizations, and approximately 4,000 deaths.2 In addition to
the rising prevalence of asthma, the prevalence of obesity in the
US population is rising in all age groups. Data from the 2003–
2004 National Health and Nutrition Examination Survey indi-
cate that an estimated 66% of US adults are overweight or obese.
Two National Health and Nutrition Examination Surveys

(1976–1980 and 2003–2004) show similar findings in children:
for ages 2 to 5 years, an increase in obesity from 5.0% to 13.9%;
for ages 6 to 11 years, an increase from 6.5% to 18.8%; and for
ages 12 to 19 years, an increase from 5.0% to 17.4%.3

Obesity can have negative consequences on basic respira-
tory physiologic factors, such as restrictive volumes, in-
creased work of breathing, obstructive sleep apnea, and im-
paired gas exchange. A growing body of literature describes
the relationship between asthma and obesity, and cross-sec-
tional studies indicate an increased prevalence of asthma in
obese individuals. Several mechanisms are implicated in this
causal relationship, with most of them revolving around the
principle that obesity leads to a pro-inflammatory state that
worsens airway inflammation and that subsequently leads to
airway hyperreactivity (AHR).4

Although cross-sectional studies5–8 in adults have demon-
strated an increased prevalence of asthma in obese individu-
als, many of these studies relied on self-reported weight and
height. Another potential limitation of these studies is that
most relied on a self-reported diagnosis of asthma rather than
on physician records, physiologic evaluation, or response to
inhaled therapy. This raises the possibility that the respiratory
symptoms were related to the physiologic impairment from
obesity rather than to asthma. There is more heterogeneity in
the pediatric epidemiologic literature relating to the obesity-
asthma relationship. There are a limited number of prospec-
tive studies in the adult and pediatric populations that specif-
ically look at obesity as it relates to asthma severity, quality
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of life (QOL), spirometric values, and health care utilization
(HCU). The purpose of this study was to evaluate the rela-
tionship of body mass index (BMI) (calculated as weight in
kilograms divided by height in meters squared) in adults and
children with asthma to asthma control/severity, spirometry
findings, QOL, and HCU using data obtained from a large
prospective disease management trial.

METHODS
The South Texas Asthma Management Project was a single-
center, prospective, randomized controlled trial conducted by the
University of Texas Health Science Center at San Antonio and
approved by its institutional review board. Written consent was
obtained from each patient before randomization. Nine hundred
two patients (aged 5–64 years; 429 adults and 473 pediatric)
with asthma were randomly assigned to 1 of 3 study groups after
consenting to participate in the study. Patients included in this
study had a documented physician diagnosis of asthma, access
to a telephone, and 1 or more of the following: 1 hospitalization
or emergency department visit, 4 or more office visits with a
diagnosis of asthma in the previous 12 months, or a physician
diagnosis of moderate to severe persistent asthma supported by
results of pulmonary function testing. Patients were excluded if
they had any other lung disease or any diagnosis that required
long-term use of systemic corticosteroids. Details of the study
have previously been published.9

Severity of asthma, spirometry findings, and QOL were
analyzed using baseline data. Data on HCU were collected
prospectively for each treatment group. Because there were
no significant differences between any of the groups, HCU is
presented by combining the treatment groups into pediatric
patients (aged 5–17 years) and adult patients (aged 18–64
years). Asthma severity was categorized using the National
Heart, Lung, and Blood Institute asthma severity classifica-
tion and the Global Initiative for Asthma guidelines.10–12

Adults were administered the 36-Item Short Form Heath
Survey (SF-36) and the Asthma Quality of Life Questionnaire
(AQLQ) during each visit.13 For children, the Pediatric
AQLQ and the Pediatric Asthma Caregivers Quality of Life
Questionnaire were used.14

All the participants were telephonically polled regarding
HCU every 2 months throughout the trial. Using this self-

Table 1. Demographic Characteristics of the 902 Study Patients

Adult population

Total
(N � 429)

BMI
<30 (n � 179)

BMI
>30 (n � 250)

Age, mean (SD), y 42.7 (12.3) 40.8 (12.9) 44.1 (11.7)
Female sex, % 78 72 82
Race/ethnicity, %

Hispanic 51 42 58
White 31 39 25
Black/other 18 19 17
Abbreviation: BMI, body mass index (calculated as weight in kilograms divi
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report data, study staff obtained authorization from partici-
pants for release of medical records and made requests of all
known providers, facilities, and pharmacies for records cov-
ering the enrollment period. Medical record abstraction was
performed by study staff. The abstraction process was mon-
itored by audits of randomly selected medical records. Utili-
zation outcome analysis was based on events verified by
medical record review.

Continuous variables were analyzed as mean and standard
deviation, and intergroup differences were analyzed using the t
test and 1-way analysis of variance. Group differences in cate-
gorical variables were analyzed by means of �2 tests. Differ-
ences in rates of utilization were analyzed using negative bino-
mial regression. A P�.05 was considered significant.

RESULTS
Patient characteristics are given in Table 1. Of the 902
patients, 429 were adults and 473 were children. In the adult
population, the mean age was 42.7 years, with most adults
being women (78%) and Hispanic (51%). The prevalence of
obesity was 58% in the adult population and 28% in the
pediatric population. The mean age of the pediatric popula-
tion was 9.5 years, with most children being boys (59%) and
Hispanic (68%). There were no differences in mean age, sex,
or race/ethnicity between obese and nonobese pediatric pa-
tients. Adult obese patients were significantly more likely to
be older (P � .007), female (P � .01), and Hispanic (P �
.001) and less likely to be non-Hispanic white (P � .001).

Asthma severity as measured by the National Asthma
Education and Prevention Program guidelines is given in
Table 2. Two-thirds of the pediatric population had moderate
or severe persistent asthma, with most of the remainder
having mild persistent asthma. At baseline, there were no
significant differences in asthma severity by BMI (P � .60
for all comparisons). Most adult participants (�75%) had
moderate to severe persistent asthma. Similar to the analysis
in children, baseline severity of asthma in adults did not differ
by BMI (P � .40 for all comparisons).

Baseline spirometry values are reported in Table 3. At base-
line, there were no differences in percentage of predicted forced
expiratory volume in 1 second (FEV1), FEV1 to forced vital
capacity (FVC), FVC, or bronchodilator response between

Pediatric population

ue
Total

(N � 473)
<85th percentile

(n � 260)
>95th percentile

(n � 132)
P value

7 9.5 (3.3) 9.4 (3.3) 9.9 (3.5) .28
40.6 42 36.4 .50

1 67.8 65.0 72.7 .29
1 15.4 17.3 12.1 .40

16.7 17.6 15.1 .76
P val

.00

.01

.00
�.00

.58
ded by height in meters squared).
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obese and nonobese children with asthma (P � .5). In adults,
there were no significant differences in the percentage of pre-
dicted FEV1 across all groups (P � .96); however, obesity was
associated with a worse prebronchodilator FVC. Forty-seven
percent of patients with a BMI of at least 30 (vs 35% with a BMI
�30, P � .01) had a pre-BD FVC less than 80% of predicted.
Because obesity may be associated with a disproportionate de-
cline in FVC, obstruction as measured using the FEV1:FVC ratio
was most likely underrepresented in the obese population. There
was no significant difference in bronchodilator response be-
tween BMI groups in either adults or children.

At enrollment, QOL was measured in children using the
Pediatric AQLQ score. There was no significant difference in
the mean scores of the obese and nonobese groups (4.8 vs 5.0,
P � .16). In adults, higher BMI was associated with lower QOL
as assessed using the SF-36 physical and mental component

Table 3. Baseline Spirometry Findings

Pediatric populati

Total
(N � 473)

<85th
percentile
(n � 260)

85th–94th
percentile
(n � 81)

FEV1, mean (SD), % of
predicted

98.0 (19) 98.5 (19.6) 97.0 (18)

FVC, mean (SD), % of
predicted

103.9 (18.7) 104.2 (21.8) 103.6 (15.1)

FVC �80% of
predicted
pre-BD, %c

5.7 (14) 4.5 (5) 4.2 (2)

FVC �80% of
predicted
post-BD, %c

NA NA NA

FEV1:FVC �75%, % 19.7 (48) 17.4 (19) 21.2 (10)
Positive (12% and 200

mL) response to
BD, %d

21.1 (65) 21.2 (33) 22.6 (12)

Abbreviations: BD, bronchodilator; BMI, body mass index (calculated
expiratory volume in 1 second; FVC, forced vital capacity; NA, not a
a Comparison between less than the 85th percentile and the 95th pe
b Comparison between BMI less than 30 vs BMI of 30 or greater.
c For adults, findings did not change when the lower limit of normal

Table 2. Asthma Severity as Defined by National Asthma Education

Pediatric populati

Total, No.
(N � 414)

<85th percentile,
% (n � 227)

85th to
percent

(n �

Mild intermittent 28 7.1 13.
Mild persistent 119 26.4 24.
Moderate persistent 139 36.0 36.
Severe persistent 128 30.4 26.

Abbreviation: BMI, body mass index (calculated as weight in kilogram
a For all comparisons, P � .60
b For all comparisons, P � .40.
d According to the 2005 American Thoracic Society/European Respiratory S

32
scores, and the AQLQ score (Table 4). The mean AQLQ scores
for obese and nonobese patients were 3.9 and 4.2, respectively
(P � .006). This mean difference was even greater when the
very obese (BMI �40) were compared with the nonobese (3.7
vs 4.2, P � .001). A difference of 0.5 denotes clinical signifi-
cance according to the AQLQ scoring definitions.15

In children, there was no relationship between BMI and
hospital admissions, ED visits, unscheduled office visits, or
overall HCU (P � .19-.79). Likewise, in adults, there were no
significant differences between any BMI group and HCU
(P � .09-.78).

DISCUSSION
The concurrent rise in asthma and obesity has prompted
researchers to investigate associations between these 2 disor-
ders. To date, 13 prospective studies have examined the

Adult population

95th
rcentile
� 132)

P
valuea

Total
(N � 429)

BMI <30
(n � 179)

BMI >30
(n � 250)

P
valueb

.5 (19) .83 77 (19) 77 (21) 77 (17) .96

.6 (16.4) .96 81 (17) 84 (18) 79 (17) .006

.0 (7) .52 42 (170) 35 (59) 47 (111) .01

NA NA 34 (124) 27 (40) 39 (84) .01

.8 (19) .71 37 (153) 46 (78) 32 (75) .004

.2 (20) .94 26 (94) 30 (45) 23 (49) .14

ight in kilograms divided by height in meters squared); FEV1, forced
le.
or greater. P � .05 for all group comparisons.

alyzed.

evention Program Guidelines

Adult populationb

>95th percentile,
% (n � 118)

Total, No.
(N � 372)

BMI <30,
% (n � 153)

BMI >30,
% (n � 219)

2.5 12 3.3 3.2
35.6 72 20.3 18.7
27.0 117 30.0 32.4
34.8 171 46.4 45.6

ded by height in meters squared).
on

>
pe
(n

98

103

8

21
20

as we
pplicab
rcentile

was an
and Pr

ona

<95th
ile, %
69)

0
6
2
1

s divi
ociety guidelines.
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paring
relationship between obesity and the onset of asthma: 8 in
adults16–23 and 5 in children.24–28 Each study enrolled several
thousand subjects with follow-up periods up to 20 years. All
but 1 study23 revealed an increased incidence of asthma in
obese or overweight individuals. Although it is possible that
reduced exercise or use of oral corticosteroids in patients with
asthma could result in obesity, each of these longitudinal
studies showed that obesity preceded asthma. Although sev-
eral mechanisms have been implicated in this causal relation-
ship, most animal research and human data suggest either that
obesity leads to a pro-inflammatory state that worsens airflow
limitation or that the 2 disorders have a shared genetic basis.29

Obesity may also be more common in individuals with
asthma than in the general population. Thomson et al30 noted
that 75% of patients presenting to the emergency department
with asthma were either overweight or obese, a percentage
significantly greater than the prevalence of these conditions
in the general population. The study also found a high inci-
dence of obesity; 58% of adults and 28% of children in this
study met the criteria for obesity. This finding was even more
striking in adult women of Hispanic descent.

Conflicting findings regarding the observed association
between obesity and asthma prevalence or asthma severity
may be due to differences in the definition of asthma.31,32 In
contrast to many previous studies, the present study used
stringent criteria for the diagnosis of asthma. We enrolled
only patients with a documented physician diagnosis of
asthma supported by clinical or spirometric data. Approxi-
mately 40% of these patients demonstrated obstruction on
baseline spirometry, and more than 25% demonstrated a
positive bronchodilator response despite being maintained on
1 or more controller medications. Therefore, it seems unlikely
that a significant portion of this study population represented
individuals with pulmonary symptoms related to obesity
rather than true asthma.

The present study did not find an association between obesity
and asthma severity in either the adult or pediatric population;
however, the adult population demonstrated a worse QOL. We
examined the relationship between BMI and asthma severity in
adults and children. Adults with a BMI greater that 30 did not
have more severe asthma based on spirometry findings, noctur-
nal waking, or rate of exacerbations. When use of controller
medications was included in the analysis, using the Global
Initiative for Asthma 2002 severity guidelines, we still did not

Table 4. Quality of Life Scores for Adults as Measured Using the SF

BMI <30 BMI >

AQLQ score, mean (SD) 4.2 (1.2) 3.9 (1
SF-36 MCS, mean (SD) 51.4 (10.0) 48.9 (1
SF-36 PCS, mean (SD) 52.4 (9.1) 48.3 (8

Abbreviations: AQLQ, Asthma Quality of Life Questionnaire; BMI, bod
squared); MCS, mental component score; NA, not available; PCS, p
a Quality of life was significantly lower for the AQLQ and for the MCS
b The AQLQ score reaches “minimal” clinical significance only in com
detect a significant difference in severity by BMI group. Simi-
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larly, we found no differences in severity in children by BMI
(�85th percentile, 85th–94th percentile, or �95th percentile).
These findings may be partially explained by a study by
Schachter et al33 that found that severe obesity was a significant
risk factor for wheezing, “recent asthma,” and use of inhaled
medication; however, the authors found no association of obe-
sity with pulmonary function findings (peak expiratory flow
rate, FEV1:FVC, or forced expiratory flow between 25% and
75%) or with airway hyperresponsiveness, as measured by
means of histamine provocation. Therefore, although symptoms
and medication use were more common in obese patients, the
authors did not find objective evidence to support that asthma
was more severe in this group.33

Obesity causes a variety of physiologic changes, including
a reduction in airway compliance, lung volumes, and periph-
eral airway diameter.34 In the present study, spirometry and
flow volume loops were obtained by trained primary care
physicians and were reviewed by an adult or pediatric pul-
monologist. All suboptimal studies were excluded from anal-
ysis. In adults, we found no significant differences in the
percentage of predicted FEV1 or in the response to bronchodi-
lators comparing obese with nonobese patients. Obesity was
associated with a significant decrease in prebronchodilator
FVC, which resulted in a significant increase in the FEV1

ratio (FEV1:FVC). Unlike nonobese asthmatic patients, the
reductions in FEV1 and FVC in obese individuals are typi-
cally symmetrical and result in a preserved FEV1:FVC ratio.34

This symmetrical fall in FEV1 and FVC could tend to obscure
obstruction and lead to the diagnosis of restrictive lung dis-
ease. Although we did not investigate sex differences in this
study, several studies agree that the effect of weight gain on
lung function is greater in men than in women, probably due
to sex-related differences in fat distribution.35 In central obe-
sity, a pattern most often seen in males, the fat deposits in
subcutaneous and visceral tissues of the abdomen, resulting
in an increased mechanical effect on the diaphragm.36 In
addition, central adipose tissue and visceral fat are more
metabolically active and have been linked to the overproduc-
tion of adipokines and cytokines that may affect AHR.35 In 1
previous study,37 abdominal obesity was the strongest predic-
tor of lung function impairment. Finally, obese adults with
asthma may differ from nonobese adults in their response to
methacholine therapy, demonstrating a greater decrease in
inspiratory capacity and a greater increase in functional re-

the AQLQ

P valuea BMI 30–39.9 BMI >40

.006 4.0 (1.3) 3.7 (1.2)b

.01 NA NA
�.001 NA NA

index (calculated as weight in kilograms divided by height in meters
component score; SF-36, 36-Item Short Form Health Survey.
CS of the SF-36.
BMI less than 30 with BMI of at least 40 (very obese).
-36 and

30

.3)
0.0)
.7)

y mass
hysical

and P
sidual capacity. These differences may contribute to reported
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differences in perceived impairment and asthma symptoms
between obese and nonobese adults.38

In children, there were no significant differences in FEV1,
FVC, or FEV1:FVC ratio between obese and nonobese pa-
tients. In addition, the response to bronchodilators was sim-
ilar in pediatric patients who were normal weight, over-
weight, or obese. These findings are not surprising because
the literature for airflow obstruction and AHR are conflict-
ing.34 One study39 of almost 6,000 children showed that
obesity was associated with symptoms and use of rescue
medication but not with AHR. In contrast to the reported
decline in FVC with obesity in adults, investigators have
reported either no change in FVC or even an increased FVC
with increased BMI in children.27,40

The present study found no difference in QOL between obese
and nonobese children. One previous study41 in children showed
significantly lower QOL in obese children with asthma com-
pared with nonobese children with asthma. However, in that
study,41 only 32% of children were taking inhaled corticoste-
roids. In adults, there was a difference in QOL based on SF-36
and AQLQ scores. Obese patients had a statistically significantly
lower score (worse QOL) on the physical and mental outcome
scores of the SF-36. There was also a statistically significantly
lower mean score on the AQLQ. In a subgroup analysis of
patients with severe obesity (BMI �40), reduced QOL reached
statistical and clinical significance.

The present study results in adults are similar to those of
Lavoie.42 The study by Lavoie evaluated almost 250 over-
weight or obese adults with asthma and found the total AQLQ
score to be statistically significantly different from that of
patient with a normal BMI. In contrast, 2 other studies43,44

found no significant associations between BMI and QOL.
A recent study45 evaluated the role of weight reduction in

obese patients with asthma. This small randomized study dem-
onstrated that weight reduction was associated with improve-
ment in pulmonary function, symptoms, and asthma-related
QOL. It is possible that obese patients falsely attribute weight-
related respiratory symptoms to asthma rather than to mechan-
ical limitations. Future studies examining the effects of weight
loss on asthma should include measures of asthma control and
AHR to better understand whether weight loss intervention
actually affects the underlying pathogenesis of asthma.

Two large prospective studies suggest that obesity may
have adverse long-term effects on asthma. In an international
cohort of adults with asthma, increasing BMI across time was
negatively associated with asthma remission.46 Similarly, in
the Tucson Longitudinal Study,47 obesity was a significant
independent predictor of unremitting asthma in children.

Few studies actually evaluate the impact of obesity on
asthma-related HCU. The present study prospectively exam-
ined HCU not only through patient interviews but also by
review of medical records. We did not detect a significant
relationship between BMI and hospital admissions, ED visits,
or unscheduled office visits in either children or adults. One
previous study48 suggested that increased BMI was associated

with a delay in and avoidance of seeking health care. Al-

34
though delay in seeking care may have affected these results,
the duration of this study (12 months of observation) makes
this confounder less likely to have affected the results. Other
studies have shown a positive association between obesity
and self-reported HCU for asthma. In the cross-sectional
National Asthma Study, obesity was associated with in-
creased self-reported asthma severity and HCU; however,
less than one-third of respondents were taking inhaled corti-
costeroids.49 In the National Cooperative Inner-City Asthma
Study of children, a higher baseline BMI was associated with
more subsequent daytime asthma symptoms and emergency
department visits but not with night symptoms, slowed play,
or hospitalizations.50

There are some limitations to this study. The patient pop-
ulation was predominantly an indigent, Hispanic population,
which may limit the generalizability of the results to other
patient populations. In addition, we sampled patients with
more severe asthma, and the results may not apply to patients
with less severe disease. Also, some patients may have used
health care facilities that we were unable to capture during
data gathering. We tried to minimize this possibility via
periodic telephone communications, face-to-face interviews,
and review of all medical records. Finally, these patients had
a higher incidence of inhaled corticosteroid use and compli-
ance as assessed by pharmacy records compared with that
reported in the literature (69% vs 20%–30%).9 Thus, it is
possible that high utilization of inhaled corticosteroids may
overcome the detrimental effects of obesity in asthma.

In conclusion, this study did not demonstrate that obesity
had a significant effect on severity, spirometry findings,
QOL, or HCU in children with asthma. Obese adults with
asthma had a lower FVC that may have masked an obstruc-
tive defect on spirometry. Obese adults with asthma, com-
pared with nonobese patients, had a lower QOL; however,
there was no difference in asthma severity or HCU.
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