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ABSTRACT
Background: The association between obesity and
asthma severity remains controversial and limited to small
studies.
Methods: We determined the association of body mass
index (BMI) and asthma severity in the National Asthma
Survey. We included adults (age >18 years) who self-
reported symptoms of asthma in the past 5 years. A total
of 3095 patients were divided into the following BMI
categories: 1080 (35%) non-overweight (BMI ,25), 993
(32%) overweight (BMI >25 and ,30) and 1022 (33%)
obese (BMI >30). Asthma severity measures included
respiratory symptoms, healthcare utilisation, medication
use, missed work days and the Global Initiative for
Asthma (GINA) severity classification. Models were
adjusted for: gender, race, age, education, income,
employment status, smoking status, family history of
asthma, state of residence and residence in a metropol-
itan statistical area.
Results: Compared with non-overweight subjects, obese
subjects with asthma were more likely to report
continuous symptoms (OR 1.66, 95% CI 1.09 to 2.54),
miss more work days (OR 1.35, 95% CI 1.01 to 1.81), use
short acting beta agonists (OR 1.36, 95% CI 1.06 to 1.75),
use inhaled corticosteroids (OR 1.34, 95% CI 1.01 to 1.79)
and use any controller medication according to GINA
guidelines (OR 1.37, 95% CI 1.01 to 1.85). Also, obese
respondents were less likely to be in asthma remission
(OR 0.56, 95% CI 0.38 to 0.82) and were more likely to
have severe persistent asthma (GINA IV) (OR 1.42, 95%
CI 1.05 to 1.90).
Conclusions: In a large, diverse sample of adults with
asthma, obesity was associated with measures of asthma
severity after adjusting for potential confounders.

Approximately 65% of adults in the USA aged
20 years or older are either overweight or obese,1

which is a 10% increase in obesity prevalence from
the previous decade.2 Similar to the obesity
epidemic, there has also been a substantial increase
in the prevalence of asthma in the USA.3 4

Concurrent with the parallel increase in asthma
and obesity prevalence, many studies have reported
associations between obesity and higher asthma
prevalence rates.5–11 This association is substan-
tiated by evidence showing obesity as a risk factor
for incident asthma,12–17 data which were recently
strengthened by a meta-analysis confirming this
association.18 Further, obesity has also been asso-
ciated with bronchial hyperresponsiveness.19–21

Finally, a number of studies have demonstrated
that weight loss can improve both physiological
and clinical parameters of asthma.22–24

More recently, obesity has been recognised as a
potential risk factor for asthma severity,25–29 poor

asthma control and lower asthma related quality of
life.30 However, this association remains contro-
versial because of the limited patient populations
included in earlier studies,25–29 inconsistent defini-
tions for asthma severity29 and lack of statistical
significance after adjusting for potential confoun-
ders.30

Preliminary data further suggest that obese
patients with asthma demonstrate both different
asthma genotypes compared with patients of
normal weight26 and diminished response to
current asthma therapy.31 32 Definitive demonstra-
tion of an association between obesity and asthma
severity would lend further support to the notion
of a different phenotype among obese patients
with asthma and may lead researchers to consider
novel approaches to asthma therapy in this
population.

Therefore, to further understand how obesity
may impact asthma severity, we examined the
association of body mass index (BMI) with the
following measures of severity: respiratory symp-
toms, healthcare utilisation, medication usage,
missed work days and asthma severity classifica-
tion. We conducted this study using data from the
four state sample of the National Asthma Survey
(NAS), one of the largest, diverse surveys of all
asthma patients in the USA.

METHODS
The NAS, sponsored by the National Center for
Environmental Health, Centers for Disease Control
and Prevention, is divided into two samples: a
national sample consisting of 8621 respondents
(only 934 of whom reported asthma) designed to
primarily examine the prevalence of asthma and a
four state sample consisting of 5741 respondents
(all of whom reported asthma) designed to
investigate factors related to asthma control. We
utilised the four state survey of self-reported,
physician diagnosed patients with asthma.
Conducted between 1 March 2003 to 10 March
2004 in four target states, Alabama, California,
Illinois and Texas, the project used a State and
Local Area Integrated Telephone Survey (SLAITS)
design, using the same sampling frame as the
CDC’s National Immunisation Survey. Data were
collected using a computer assisted telephone
interview system. SLAITS used a complex multi-
stage, stratified survey of civilian, non-institution-
alised populations with telephones. The response
rate of the Council of American Survey Research
Organisations (CASRO) reported for the four state
NAS sample was 49.6% (http://www.casro.org/
resprates.cfm). This was calculated as the product
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of the resolution, screener completion and interview completion
rates.

Participating households were screened for the presence of
any members with asthma. In asthma positive households, a
maximum of one adult and one child per household were
selected, with adults and children sampled separately. Because
the definitions of overweight and obese differ between children
and adults, we restricted our analysis to adult participants (age
>18 years) who self-reported height and weight. We also
excluded patients who reported neither asthma symptoms nor
asthma medication use in the past 5 years in order to minimise
the impact of patients with a distant history of asthma, in
particular those with asthma as a child but not as an adult.

Questionnaire
From the NAS questionnaire we obtained the following
variables.

Asthma
Our case definition of asthma consisted of a positive response to
the following question: ‘‘Including yourself, has anyone living in
your household ever been told by a doctor or other health
professional that they have asthma?’’ We excluded patients
who demonstrated prolonged remission, defined as neither
asthma symptoms nor medication use in the past 5 years.

Body mass index
BMI was defined as weight in kilograms divided by height in
metres squared and was categorised into three groups: non-
overweight (BMI ,25), overweight (BMI >25 and ,30) and
obese (BMI >30). As only 52 respondents (1.7%) included in our
analysis fell into the underweight classification (defined as BMI
,18.5), we did not further separate out this subgroup.

Covariates
We included gender, race/ethnicity (white (non-Hispanic), black
(non-Hispanic), Hispanic and other), age group (18–24, 25–44,
45–64, 65+ years), smoking status (current, former, never),
education level (,12th grade, high school graduate, some
college, college graduate or higher), income (,US$25k,
US$25k–44 999, US$45k–74 999, > US$75k), employment
status (full time, part time, and unemployed—excluding
participants unemployed by choice), family history of asthma
(defined as a parent with asthma), state of residence (Alabama,
California, Illinois, Texas) and residence in a metropolitan
statistical area (area with a population of at least 500 000, based
on each participant’s home ZIP code).

Asthma control and severity measures
Outcomes measures for asthma control and severity were
divided into the following categories: respiratory symptoms
(daytime and night-time symptoms in the past 30 days, asthma
attacks in the past 90 days and presence of continuous
respiratory symptoms in the 30 days prior to the interview),
healthcare utilisation (emergency room, urgent care centre and
other unscheduled doctor visits for asthma in the past
12 months), missed work days and medication use. From these
questions, we also derived each participant’s GINA (Global
Initiative for Asthma, symptoms only) severity class.33 If
respondents reported no medication use or symptoms of asthma
in the past year, they were classified as in remission.34

Medication use was evaluated for the 90 day period immedi-
ately preceding the survey and was divided into the following

categories: short acting b2 agonist, long acting beta agonist,
anticholinergic, methylxanthine, leucotriene modifier, cromo-
lyn, inhaled corticosteroid and oral corticosteroid. As we also
had information on corticosteroid dosing, we classified patients
on inhaled corticosteroids into low dose ((400 mg/day
budesonide equivalent), medium dose (401–800 mg/day bude-
sonide equivalent) or high dose (.800 mg/day budesonide
equivalent).33 This allowed us to further classify each respon-
dent’s medication regimen by step of therapy according to
GINA guidelines.33 We were unable to accurately differentiate
between GINA steps 3 and 4 because dosing information was
not available for respondents taking medications that combined
fluticasone and salmeterol; therefore, these steps were grouped
together in our analysis.

Analysis
Initially, we compared the distribution of the covariates and
outcomes across BMI categories. To test for differences in the
distribution of proportions, we used the x2 test and for
continuous normally distributed data, we used the one way
ANOVA test. Next, we developed a multivariable logistic
regression analysis to test the association of BMI categories
with measures of asthma control and severity using non-
overweight subjects as the reference. We adjusted the models
for the following potential confounders: age, gender, smoking
status, race, income category, education category, employment
status, family history of asthma, state of residence and
metropolitan statistical area. Because prior studies have
suggested gender differences in the association of obesity and
asthma severity,29 30 we included a BMI and gender interaction
term in the multivariable analysis.

Variance estimates were adjusted for the complex survey
design (Proc Survey logistic; SAS, Cary, North Caroline, USA)
by using weighted data provided with NAS, using state of
residence for strata and identification number for cluster. The
weights used to arrive at these estimates were person-level final
weights for only sample adults 18 years of age. These final
weights incorporated a base sampling weight, an adjustment for
multiple telephone lines within a household and various
adjustments for non-response. Each final weight was then
post-stratified so that the sum of weights for each state equalled
the selected population control totals from the 2003 Behaviour
Risk Factor Surveillance System data for that state (http://
www.cdc.gov/brfss/). We used SAS 9.1.3 to perform these
analyses.

RESULTS
Out of a total of 5741 participants, 2646 respondents were
excluded for the following reasons: 10 lacked data for age, 2003
respondents were children under the age of 18 years, 371 were
adults who reported prolonged remission and 262 did not
provide height and/or weight information.

The demographic characteristics of the weighted study
population across BMI categories are presented in table 1.
Obese respondents were more likely to be women, African–
American and have a lower socioeconomic status. We found no
significant differences with regard to smoking status and family
history of asthma.

Results from the univariable analysis of measures of asthma
control and severity are presented in table 2. Obesity was
associated with more respiratory symptoms, more frequent
emergency room and urgent physician visits, increased missed
work days, greater use of short acting beta agonists and higher
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GINA severity classification. Underweight respondents did not
demonstrate an increase in markers of asthma control or
severity when compared with normal weight subjects; however,
very few underweight adults participated in the study (data not
shown).

As seen in table 3, many of these results persist after
adjustment for all covariables through multivariable logistic
regression analysis, using non-overweight respondents as the
reference category. Obese respondents were significantly more
likely to report symptoms all of the time, miss more days of
work and use both short acting b2 agonists and inhaled

corticosteroids. When respondent’s medication regimens were
categorised into steps of therapy per GINA guidelines, obese
respondents were also more likely to use controller medications
(GINA medication step 2 or greater). Finally, obese respondents
were less likely to be in asthma remission and were more likely
to be classified as persistent asthma (GINA class II–IV) and/or
severe persistent asthma (GINA class IV).

Because prior studies had found significant gender differences
when examining the impact of obesity on measures of asthma
control and severity,29 30 we repeated the multivariable logistic
models for all of the outcomes in table 3 with the addition of an

Table 1 Characteristics of the study population by body mass index categories{

Non-overweight
(BMI ,25)
(n (weighted %{))

Overweight
(25(BMI,30)
(n (weighted %))

Obese
(BMI >30)
(n (weighted %)) p Value

Gender

Male 294 (30)* 398 (43) 291 (27)

Female 786 (38)* 595 (28) 731 (34) ,0.01

Race/ethnicity

White, non-Hispanic 814 (38)* 682 (33)* 675 (29)*

African–American, non-Hispanic 93 (30)* 109 (28)* 154 (42)*

Hispanic 104 (32)* 113 (35)* 126 (33)*

Other 58 (27)* 76 (43)* 58 (30)* 0.01

Age (y)

18–24 192 (50) 101 (29) 70 (21)

25–44 422 (34) 370 (33) 390 (33)

45–64 347 (29) 365 (35) 445 (36)

65+ 119 (31) 157 (42) 117 (27) ,0.01

Smoking status

Current—every day 145 (40)* 110 (29)* 137 (31)*

Current —some days 69 (44)* 52 (32)* 54 (24)*

Past smoker 269 (31)* 289 (38)* 270 (31)*

Never smoker 591 (35)* 541 (34)* 559 (31)* 0.10

Education

Less than 12th grade 112 (32) 98 (30) 159 (38)*

High school graduate 243 (27) 260 (37) 294 (36)*

Some college 282 (38) 278 (31) 278 (31)*

College grad + 443 (40) 357 (36) 288 (24)* ,0.01

Income (US$)

,25 000 384 (35) 347 (29) 470 (36)

25 000–44 999 191 (31) 186 (36) 187 (33)

45 000–74 999 199 (33) 210 (39) 191 (28)

>75 000 306 (38) 250 (38) 174 (24) ,0.01

Employment status

Full time 477 (33)* 498 (37)* 460 (30)*

Part time 155 (42)* 120 (31)* 108 (27)*

Unemployed (by choice) 260 (39)* 209 (36)* 159 (25)*

Unemployed 184 (32)* 163 (27)* 292 (41)* ,0.01

Parent with asthma

Yes 275 (34) 270 (33) 291 (33)

No 754 (35) 671 (35) 670 (30)

Don’t know 51 (36) 52 (33) 61 (31) 0.92

State of residence

Alabama 268 (34) 235 (29) 305 (37)

California 282 (36) 264 (35) 221 (29)

Illinois 255 (32) 236 (32) 255 (36)

Texas 275 (36) 258 (33) 241 (31) 0.03

Residence in a metropolitan statistical area

Yes 918 (29)* 817 (35)* 796 (36)*

No 152 (36)* 171 (34)* 221 (30)* 0.10

*Data missing for some participants.
{Percentages (in parentheses) are weighted to reflect the 2003 population of patients with asthma in participating states.
BMI, body mass index; GINA, Global Initiative for Asthma Guidelines; N/A, not available.
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interaction term for gender and BMI. For all outcomes
examined, we found no significant interaction between BMI
and gender.

DISCUSSION
In the four state sample of the National Asthma Survey, one of
the largest asthma surveys in the USA, we showed that obesity
is associated with several measures of asthma severity and
control, including symptoms, missed work days, medication use
and GINA severity classification. To our knowledge, this is one
of the most comprehensive and largest all-asthma surveys
showing the association between asthma severity and obesity
using a broad range of severity outcomes.

While the majority of studies support an association between
obesity and asthma prevalence,5–11 the literature examining
obesity and asthma severity is more controversial.
Inconsistencies across published studies may relate to several
limiting factors, including small study sizes, variable asthma
definitions and different asthma severity outcomes.

A few studies to date have demonstrated an association
between obesity and increased asthma severity classification in
adults25 28 29; however, each has had significant limitations. For
example, Akerman et al demonstrated an increased likelihood of
obesity among adults with both moderate and severe persistent
asthma compared with adults with mild intermittent asthma
using the 1997 National Heart, Lung, and Blood Institute
guidelines for asthma severity.25 However, this study included
only 143 patients, did not examine other potentially important
markers of severity that were examined in our analysis and was
performed in an inner city asthma clinic, therefore limiting its
external validity. Similarly, Saint-Pierre et al demonstrated that
patients with severe persistent asthma were more likely to be
overweight (defined as BMI >25) compared with those with
mild persistent and moderate persistent asthma.28 However,
important limitations in this study included relatively small
sample size (406 patients) and lack of distinction between
overweight and obese categories.

Further evidence supporting an association between asthma
severity and obesity was a case control and family study

Table 2 Distribution of asthma severity outcomes and medications by body mass index category

Non-overweight
(BMI ,25)
(mean (95% CI))

Overweight
(25(BMI,30)
(mean (95% CI))

Obese (BMI >30)
(mean (95% CI)) p Value

Respondents (weighted{) 1 940 176 (35) 1 887 938 (34) 1 706 849 (31)

Symptoms

Days with asthma symptoms in the past 30 days 4.4 (3.7–5.0) 4.3 (3.7–4.9) 5.0 (4.3–5.7) 0.01

Nights with asthma symptoms in the past 30 days 2.7 (2.2–3.2) 2.6 (2.1–3.2) 4.6 (3.7–5.4) ,0.01

Asthma attacks in the past 90 days 3.1 (2.3–3.8) 3.6 (2.6–4.6) 4.1 (3.0–5.3) 0.01

Healthcare utilisation

ER/urgent care visits

Proportion with at least 1 ER visit in the past 12 months (%) 11.2 (8.3–14.1) 11.6 (9.1–14.2) 17.9 (14.3–21.4) 0.01

Average number of ER visits in the past 12 months (only those
with >1 visit)

2.1 (1.6–2.5) 1.8 (1.5–2.2) 2.5 (2.1–3.0) 0.04

Average number of urgent visits to PCP in the past 12 months 0.9 (0.7–1.0) 0.9 (0.7–1.1) 1.3 (1.0–1.6) ,0.01

Hospitalisations

Proportion w/at least 1 hospital stay in the past 12 months (%) 2.6 (1.5–3.8) 2.9 (1.7–4.1) 4.9 (3.3–6.6) 0.07

Average number of hospitalisations in the past 12 months (only
those with >1 stay)

2.1 (1.5–2.6) 1.7 (1.3–2.1) 2.2 (1.7–2.7) 0.35

Missed work days in the past 12 months 2.7 (2.1–3.3) 3.4 (2.6–4.2) 4.1 (3.3–4.8) ,0.01

Medications (in past 3 months) (%)

Short acting b2 agonist—any use 46.5 (42.4–50.7) 50.2 (46.0–54.4) 56.1 (51.9–60.4) 0.01

Short acting b2 agonist—daily use 13.3 (10.3–16.3) 14.3 (11.4–17.1) 17.6 (14.2–21.1) 0.16

Long acting b2 agonist 18.1 (15.2–21.1) 18.0 (15.0–21.0) 21.9 (18.4–25.3) 0.18

Anticholinergic 5.4 (3.9–6.9) 7.9 (5.8–10.1) 8.6 (6.5–10.6) 0.03

Methylxanthine 2.6 (1.6–3.7) 3.3 (1.8–4.7) 3.6 (2.1–5.0) 0.56

Leucotriene modifier 9.3 (7.3–11.4) 12.7 (9.9–15.5) 9.9 (7.6–12.2) 0.16

Cromolyn 1.4 (0.3–2.4) 1.1 (0.3–1.9) 1.0 (0.3–1.8) 0.87

Inhaled corticosteroid 27.4 (23.8–31.1) 29.2 (25.6–32.9) 33.9 (29.8–37.9) 0.06

Oral corticosteroid 3.6 (2.2–4.9) 2.9 (1.6–4.2) 4.0 (2.5–5.4) 0.58

GINA medication step (%)

Could not be classified according to GINA guidelines 4.8 (3.2–6.3) 4.0 (2.3–5.6) 4.4 (2.8–5.9)

Step 1 68.8 (65.0–72.7) 67.0 (63.1–70.9) 62.2 (58.0–66.5)

Step 2 5.9 (3.6–8.2) 8.1 (5.7–10.4) 8.7 (5.8–11.5)

Step 3 or 4 19.3 (16.1–22.4) 19.4 (16.3–22.5) 22.9 (19.3–26.5)

Step 5 1.2 (0.5–2.0) 1.5 (0.6–2.4) 1.9 (0.9–2.8) 0.44

GINA severity class (%)

Remission 18.2 (14.7–21.8) 10.5 (8.1–12.9) 10.6 (8.0–13.1)

I (Mild intermittent) 46.6 (42.4–50.7) 53.0 (48.9–58.2) 44.2 (39.9–48.5)

II (Mild persistent) 11.3 (8.9–13.7) 12.4 (9.8–15.1) 10.3 (7.8–12.8)

III (Moderate persistent) 8.8 (6.3–11.2) 6.9 (4.8–9.0) 10.7 (8.0–13.4)

IV (Severe persistent) 15.1 (12.2–18.0) 17.2 (14.2–20.1) 24.2 (20.5–27.9) ,0.01

p Values determined using the x2 test for distribution of proportions and the one way ANOVA test for continuous normally distributed data.
BMI, body mass index; ER, emergency room; GINA, Global Initiative for Asthma Guidelines; PCP, primary care provider.
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published by Varraso and colleagues.29 This study examined 366
patients aged 16 years and older, of whom 189 were male and
177 female. Using a compounded severity score derived from
participants’ self-reported frequency of asthma attacks,
persistence of symptoms between attacks and hospitalisations
for asthma, they found a significant association between
BMI and an increased severity in women but not men, which
persisted after adjusting for age, smoking status, forced
expiratory volume in 1 s and degree of bronchial hyperrespon-
siveness. Unfortunately, because of the small number of
males enrolled, this study lacked power to detect associations
in this group. Further, because a validated categorisation
system to ascertain asthma severity was not employed, these
results cannot be adequately compared with other similar
studies.

Others studies have failed to demonstrate associations
between obesity and asthma severity.27 30 35 In a 9 year
European longitudinal study, de Marco et al showed no
difference in baseline BMI across asthma severity groups using
GINA severity classification.27 However, during follow-up,
patients who achieved asthma remission were the ones likely
to gain the least amount of weight. Lavoie et al demonstrated
that obese adults with asthma had significantly poorer asthma
control, asthma quality of life and were also more likely to use
long acting b2 agonists30; however, these associations did not
persist in multivariate analysis.

In a cohort of 572 adults with asthma presenting to 26
emergency departments in the USA and Canada with acute
asthma symptoms, Thomson et al showed no difference in
either the clinical presentation or emergency department course
across BMI groups.35 However, the authors reported a non-
significant trend towards more severe asthma symptoms,
greater b2 agonist use and greater inhaled corticosteroid use
among obese patients compared with those of normal BMI.
With only 572 patients, this study may not have had sufficient
power to detect significant differences in asthma severity
outcomes. More importantly, because obese patients are often
older than their non-obese counterparts,30 35 by excluding
patients 55 years and older, this study potentially eliminated a
significant number of study subjects.

Our analysis represents a significant advance compared with
previous literature, and addresses a number of important
limitations that have characterised previous studies. First, by
using an asthma study population three times greater in size
than any prior study, we had greater statistical power to detect
small differences in severity and control measures across BMI
groups. Second, because our results stem from a survey of a
diverse patient population, these results are more likely to be
generalisable to the general population.

A number of studies have demonstrated a significant gender
difference in the interaction between obesity and asthma, with
most suggesting that the association of obesity with both

Table 3 Multivariable logistic analysis for asthma severity outcomes

OR (compared with non-overweight patients—BMI
(25)

Overweight
(25(BMI,30)
OR (95%CI)

Obese
(BMI >30)
OR (95%CI)

Symptoms

Greater than 4 days with asthma symptoms in the past 30 days* 1.05 (0.80–1.38) 0.95 (0.71–1.26)

Greater than 2 nights with asthma symptoms in the past 30 days* 0.94 (0.69–1.28) 1.31 (0.97–1.78)

Greater than 2 asthma attacks in the past 90 days* 0.87 (0.64–1.18) 1.02 (0.74–1.40)

Any asthma attacks in the past 90 days 1.19 (0.93–1.54) 1.18 (0.91–1.54)

Symptoms all the time over the past 30 days 1.21 (0.80–1.83) 1.66 (1.09–2.54)

Healthcare utilisation

At least 1 ER visit in the past 12 months* 1.17 (0.79–1.74) 1.45 (0.99–2.12)

Greater than 1 urgent visit to PCP in the past 12 months* 0.95 (0.69–1.29) 1.16 (0.84–1.61)

At least 1 hospitalisation in the past 12 months* 1.22 (0.65–2.28) 1.43 (0.79–2.60)

Greater than 2 missed work days in the past 12 months* 1.01 (0.75–1.37) 1.35 (1.01–1.81)

Medications (in past 3 months)

Short acting b2 agonist—any use 1.21 (0.94–1.54) 1.36 (1.06–1.75)

Short acting b2 agonist—daily use 1.11 (0.76–1.61) 1.20 (0.85–1.69)

Long acting b2 agonist 0.92 (0.68–1.25) 1.20 (0.88–1.65)

Anticholinergic 1.37 (0.88–2.15) 1.26 (0.83–1.90)

Methylxanthine 0.96 (0.49–1.85) 0.89 (0.46–1.72)

Leucotriene modifier 1.42 (0.97–2.08) 0.96 (0.65–1.43)

Cromolyn 0.99 (0.39–2.50) 0.63 (0.23–1.72)

Inhaled corticosteroid 1.06 (0.81–1.40) 1.34 (1.01–1.79)

Oral corticosteroid 0.69 (0.37–1.27) 0.72 (0.40–1.32)

GINA step 1 (SABA only) 0.98 (0.75–1.28) 0.81 (0.60–1.07)

GINA step 2+ 1.09 (0.83–1.45) 1.37 (1.01–1.85)

GINA severity classification

Remission 0.53 (0.36–0.76) 0.56 (0.38–0.82)

Mild intermittent (class I) 1.28 (1.00–1.65) 1.00 (0.77–1.29)

Persistent asthma (class II–IV) 1.07 (0.82–1.39) 1.35 (1.03–1.76)

Severe persistent (class IV) 0.95 (0.71–1.28) 1.42 (1.05–1.90)

Multivariable analysis adjusted for age, gender, race, smoking status, income, education, employment status, family history of
asthma, state of residence and residence in a metropolitan statistical area.
*Upper quartile reported for these symptoms.
BMI, body mass index; ER, emergency room; GINA, Global Initiative for Asthma Guidelines; PCP, primary care provider.
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asthma prevalence and incidence is significantly stronger in
women than in men.5 12 14 Further, Chen et al showed that
obesity is more strongly associated with non-allergic asthma
compared with allergic asthma36; non-allergic asthma is more
prevalent in women than in men,37 suggesting a potential
explanation for gender related differences. Few studies have
examined gender differences in the association between asthma
severity and obesity, but some early evidence suggests that this
association is also stronger in women.29 However, this finding
has not held true in all studies. For example, Lavoie et al found
that men had a significantly sharper decline in asthma quality of
life scores as BMI increased.30 Further, studies examining the
association of BMI with bronchial hyperresponsiveness have
suggested that men, rather than women, show significantly
more bronchial hyperresponsiveness as BMI increases,19 20 which
may help explain Lavoie’s data. However, our data do not
support a gender interaction between obesity and asthma
severity.

When interpreting our findings, certain limitations should be
considered. First, because of its cross sectional design, we are
unable to demonstrate causality; this is an important limitation
given that our analysis cannot differentiate between respon-
dents who gained weight because of severe asthma versus those
whose asthma is severe because they are obese. Second, our
study relied on both self-reported anthropometric data and self-
reported physician diagnosed asthma, both of which could bias
the results. Self-reported height and weight may lead to
underestimation of obesity prevalence as it is widely believed
that men tend to overestimate height and women tend to
underestimate weight. However, in validation studies, self-
reported height and weight correlate well among both genders,38

even in groups thought to have the highest risk of reporting
bias.39 Further, in studies of asthma prevalence or incidence,
using measured height and weight yields similar findings
compared with studies using self-reported height and
weight.9 12 15

Third, our asthma case definition is based on physician
diagnosed asthma, which may be the source of misclassification
bias, as recently outlined by Ford.40 Bias may be due to potential
under diagnosis of asthma in non-obese patients as well as
misdiagnosis of asthma in obese patients. As discussed by Ford,40

under diagnosis is unlikely to lead to significant changes in
prevalence estimates but it is conceivable that the effects of
misdiagnosis of asthma in the obese could have a relatively large
effect. However, in a large longitudinal study using a more strict
definition of asthma to study the effects of obesity on asthma
incidence,13 findings were similar to those studies using less
rigorous definitions for asthma, suggesting that potential effects
of this bias may be overestimated. Fourth, another potential
limitation of our study is the absence of spirometry data in
establishing GINA severity classification; however, it is unlikely
that this would result in differential bias with regard to BMI
categories.

Recently, the emphasis of asthma care has shifted to the
evaluation of and attempt to achieve and maintain asthma
control rather than focusing on asthma severity. The recently
published GINA guidelines use daytime and night-time symp-
toms, use of rescue medications, limitation of activity, forced
expiratory volume in 1 s or peak expiratory flow, and
occurrence of asthma exacerbations to classify patients as
controlled, partially controlled or uncontrolled.33 We analysed
many of these outcomes in our assessment of asthma severity.
Our desire was to classify patients into one of the three control
classifications. However, because information for many of these

variables was obtained over different time frames (ie, the
minimum resolution for symptoms was for the past 30 days
whereas resolution for limitation to activity was 1 year), we
were unable to derive validated asthma GINA control classifica-
tions. Therefore, we focused on severity classification instead.

In summary, we have demonstrated a significant association
between asthma severity and obesity using a large, diverse
population of adults with asthma, after adjusting for a number
of potential confounders. These results, coupled with data
suggesting genotypic differences in obese patients with asthma26

and reduced response to standard asthma therapy compared
with non-obese patients with asthma,31 32 strongly support the
notion that obesity could lead to a more severe asthma
phenotype. Clearly, many questions remain to be answered,
including how much weight must be gained to increase asthma
severity? What constitutes the ‘‘asthma phenotype’’?
Obviously, not every adult with asthma who becomes obese
develops more severe disease. Therefore, understanding what
genetic and environmental factors render a patient with asthma
susceptible to the effects of obesity is an important question
that should be answered in prospective clinical trials.

Although causation between obesity and asthma severity
remains controversial from a biological mechanistic perspective,
it is clear that obesity is associated with increased respiratory
symptoms, healthcare utilisation and poorer quality of life.
Further, prior data demonstrates improvement in a number of
parameters of asthma associated with weight loss.22–24 Thus
asthma treatment guidelines should aggressively pursue weight
control as an integral part of their treatment strategy.
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Neoadjuvant chemotherapy in operable non-small cell lung
cancer

Survival for patients with non-small cell lung cancer (NSCLC) has remained unchanged for over
10 years. This randomised controlled trial assessed the benefits of neoadjuvant chemotherapy in
patients with operable NSCLC.

519 patients were randomised to receive surgery as soon as possible or chemotherapy as soon
as possible followed by surgery 4–6 weeks from day 1 of the last chemotherapy cycle. Patients
with stage I–III disease were included. The primary outcome measure was overall survival, and
secondary outcome measures included quality of life, clinical and pathological staging,
resectability rates, extent of surgery, and the time to and site of relapse.

There was no difference in overall survival between the two treatment groups. 31% of patients
receiving chemotherapy before surgery were down-staged at the time of surgery; however, this
did not alter the type of surgery they had. A very small proportion of patients progressed during
chemotherapy. Surgery did not appear to be affected by the time taken to deliver neoadjuvant
chemotherapy. With regard to baseline symptoms and quality of life, neoadjuvant chemotherapy
had a minimal effect. Patterns of recurrence and progression were also not affected by
chemotherapy except for the fact that more of the patients who underwent chemotherapy
before surgery developed brain metastases.

This trial did not show any survival benefit with neoadjuvant chemotherapy, which is largely
consistent with results from previous trials.

c Gilligan D, Nicolson M, Smith I, et al, on behalf of the trial collaborators. Preoperative chemotherapy in patients with resectable non-
small cell lung cancer: results of the MRC LU22/ NVALT 2/ EORTC 08012 multicentre randomised trial and update of systematic
review. Lancet 2007;369:1929–37
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