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of Asthma Attack When Exposed to
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SYNOPSIS
Objective. Some studies show an association between asthma and obesity,
but it is unknown whether exposure to mold will increase the risk of asthma
attacks among obese people. This study examined whether obese adults have
a higher risk of asthma attacks than non-obese adults when exposed to indoor
mold.
Methods. We used data from the 2005 Behavioral Risk Factor Surveillance
System to conduct a cross-sectional analysis among 9,668 respondents who
reported exposure to indoor mold.
Results. With exposure to indoor mold, weighted prevalence of asthma attacks
among obese respondents was 11.4% (95% confidence interval [CI] 6.0, 20.6],
which was 2.3 times as high as among the exposed non-obese respondents
(5.0%, 95% CI 2.8, 8.8). This ratio was almost the same as the ratio of 2.0:1
between the obese respondents (5.7%, 95% CI 4.6, 7.2) and the non-obese
respondents (2.8%, 95% CI 2.3, 3.9) when neither group had exposure to
mold. The odds ratio of asthma attack among obese people was 3.10 (95% CI
1.10, 8.67) for those with exposure to mold and 2.21 (95% CI 1.54, 3.17) for
those without exposure to mold after adjusting for age, sex, race/ethnicity, and
smoking status.
Conclusion. Our study suggests that obese adults who have been exposed
to indoor mold may not necessarily have a higher risk of asthma attack than
obese adults who have not been exposed, even though obesity and exposure
to indoor mold are both major risk factors for asthma attack. Medical professionals should not only incorporate weight-control or weight-reduction measures as the components of asthma treatment plans, but also advise asthma
patients to avoid exposure to indoor mold.
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Indoor molds are colonies of different species of
fungi that grow in damp houses at normal room
temperature. Exposure to airborne molds or mold
spores may contribute to various respiratory health
problems, including pneumonia and hypersensitivity
pneumonitis.1 Many studies have also found that clinically verified cases of asthma, as well as self-reported
cases of physician-diagnosed asthma, were associated
with mold and dampness indoors.2–5
Obesity has become an increasingly prevalent health
problem in many developed and developing countries in
the last two decades.6–8 In the United States and its territories, the prevalence of obesity (based on self-reports)
doubled from 1990 to 2002 (from 11.6% to 22.1%).9
Asthma is also a prevalent health problem among
developed countries. Based on the Behavioral Risk
Factor Surveillance System (BRFSS) conducted by the
Centers for Disease Control and Prevention, the selfreported prevalence of asthma among adults in 2006 was
8.4%.10 An association between obesity and asthma has
been reported in many studies,11–14 although considerable debate remains about the existence of the association and its meaning.15–17 Conceivably, additional studies
from different perspectives will help us understand more
about the relationship between asthma and obesity.
Asthma is a respiratory disease characterized by
airway obstruction and bronchial hyper-responsiveness.
Patients may have no asthma-related symptoms during
certain periods of time until another attack occurs.
An asthma attack can be triggered by many factors
such as infections, exposure to mold, and pollens.18–21
Although reports have demonstrated that exposure to
molds is associated with the development of asthma,2–5
the hypothesis that molds or fungi contribute to
asthma development and trigger asthma attack is still
controversial.22 More studies with stronger evidence
are needed to support this hypothesis. Furthermore,
although evidence shows that obesity is associated
with asthma,11–14 it is unclear whether obese adults
have a higher risk of triggering an asthma attack than
non-obese adults when exposed to indoor mold, and
whether there is a biologic plausibility for the potential
interaction between obesity and mold as it relates to
asthma attacks. In this study, we used data from the
2005 BRFSS to examine whether there is a higher risk
for initiating asthma attacks among obese adults than
among non-obese adults when both populations are
exposed to indoor mold.
METHODS
BRFSS, the world’s largest standardized, state-based
telephone survey, collects data on health risks and
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health conditions or chronic diseases (e.g., adult
asthma and obesity) from noninstitutionalized adults
aged 18 years and older in U.S. states and territories.
The characteristics and advanced survey design of the
BRFSS have been described elsewhere.23,24 Detailed
information about the BRFSS can be accessed from
http://www.cdc.gov/brfss/index.htm, and all questionnaires can be accessed from http://apps.nccd.cdc
.gov/brfssQuest.
In the 2005 BRFSS, two states (Maryland and Texas)
participated in the optional survey module regarding
the quality of indoor air. Respondents were asked,
“Do you currently have mold in your home on an area
greater than the size of a dollar bill?” In the core question section of the questionnaire, respondents were
asked, “Have you EVER been told by a doctor, nurse,
or other health professional that you had asthma?”
Respondents who answered “yes” were considered to
have lifetime asthma. Respondents were also asked in
the optional module on asthma history (included by
all 50 states), “During the past 12 months, have you
had an episode of asthma or an asthma attack?” We
considered a respondent to have had an incident of
asthma attack only if she/he responded positively to
both questions.
We used self-reported heights and weights to calculate the body mass index (BMI) in kilograms/meters2
(kg/m2). The respondent was classified as obese if the
BMI was 30 kg/m2 and non-obese if the BMI was
30 kg/m2. We used BMI as a dichotomized variable in
our models for the simplicity in presenting our analysis
results. To validate our models that used dichotomized
BMI, we also used BMI as a continuous variable in our
logistic regression models.
In all, 9,668 respondents aged 18 years or older
from Maryland or Texas who answered the question
regarding exposure to indoor mold and the two questions regarding asthma were included in our study.
Other states were not selected because they did not
have complete data for both mold exposure and
asthma attack.
The Council of American Survey Research Organizations’ response rates in the 2005 BRFSS were 37.6%
for Maryland and 45.2% for Texas. The cooperation
rates were 67.0% for Maryland and 67.9% for Texas.
The cooperation rate reflects all completed interviews
among the number of contacted eligible respondents
in the BRFSS.
To determine whether obese people exposed to
indoor mold had a higher risk of asthma attack than
non-obese people, we divided the data into two subsets:
exposure to indoor mold and no exposure to indoor
mold (each group included obese and non-obese
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respondents). The first group (exposure to mold) had
525 respondents and the second group (no exposure)
had 9,143 respondents.
The weighted prevalence of asthma attack was calculated separately for the two subgroups by exposure
to indoor mold, age, sex, race/ethnicity, obesity, and
smoking. The association of asthma attack caused by
obesity, mold exposure, and other risk factors was tested
using the Chi-square or Cochran-Mantel-Haenszel test
of association. The odds of asthma attack with exposure to indoor mold were examined by using adjusted
odds ratios (AORs) and unadjusted odds ratios (ORs)
obtained from univariate and multivariate logistic
regression analyses conducted separately on the two
datasets. We used the Hosmer-Lemeshow goodnessof-fit test for our regression models. We adjusted the
same covariates in our regression models using BMI as
a continuous variable as for those using a dichotomized
one. The value of continuous BMI variable was divided
by 10 for each record used in those models.
Because of the complex sampling design in the
BRFSS, we used SUDAAN25 to calculate the weighted
prevalence of asthma attack and standard error to
adjust for the effects of sampling bias, weights, and
design effects.

RESULTS
The weighted prevalence of exposure to indoor mold
was 5.6% (95% confidence interval [CI] 4.9, 6.4;
n9,668) among all respondents from both states.
The overall prevalence of obesity was 26.6% (95%
CI 25.3, 28.0; n9,079). The prevalence of lifetime
asthma was 11.7% (95% CI 10.8, 12.7; n9,647) among
all respondents. The overall prevalence of an asthma
attack was 3.7% (95% CI 3.2, 4.3; n9,079), with an
estimate of 6.2% (95% CI 5.0, 7.7; n2,350) for obese
respondents and 3.0% (95% CI 2.4, 3.6; n6,729) for
non-obese respondents.
The prevalence of asthma attack was 7.3% (95%
CI 4.7, 11.2) among people exposed to indoor mold
(n525), which was slightly more than twice the prevalence among people without such exposure (3.5%,
95% CI 3.0, 4.1; n9,143) (Table 1). Among nonobese respondents, the prevalence of asthma attacks
(5.0%, 95% CI 2.8, 8.8) with exposure to indoor mold
was 1.8 times as high as for those without exposure
(2.8%, 95% CI 2.3, 3.9). Among obese respondents,
the prevalence of asthma attacks (11.4%, 95% CI 6.0,
20.6) with exposure to indoor mold was twice as high
as the prevalence without exposure (5.7%, 95% CI
4.6, 7.2). In other words, exposure to indoor mold
increased the risk of asthma attack by 100.0% among

Table 1. Distribution of asthma attack by demography and risk factors, BRFSS 2005

Variable
Total
Age (in years)
18–34
35–54
55
Sex
Female
Male
Race/ethnicity
White/non-Hispanic
Black/non-Hispanic
Other
Obesity
Yes
No
Smoking status
Smoker
Nonsmoker

Sample size
(n)a

Prevalenceb of asthma attack
with mold exposure
Percent (95% CI) (n525)

Sample size
(n)a

Prevalenceb of asthma attack
without mold exposure
Percent (95% CI) (n9,143)

525

7.3 (4.7, 11.2)

9,143

3.5 (3.0, 4.1)

27
79
100

6.6 (2.8, 15.2)
7.3 (3.7, 14.1)
8.2 (4.2, 15.6)

1,816
3,610
3,717

3.0 (2.1, 4.3)
3.8 (3.1, 4.7)
3.6 (2.9, 4.5)

321
204

8.3 (5.3, 12.9)
6.4 (2.9, 13.4)

5,678
3,465

4.7 (4.0, 5.5)
2.2 (1.6, 3.1)

329
46
143

10.9 (6.8, 17.1)
7.6 (2.5, 20.7)
3.6 (1.1, 11.5)

6,099
947
1,927

4.0 (3.4, 4.7)
3.2 (2.1, 4.8)
2.8 (1.9, 4.1)

166
329

11.4 (6.0, 20.6)
5.0 (2.8, 8.8)

2,184
6,400

5.7 (4.6, 7.2)
2.8 (2.3, 3.9)

112
367

8.9 (4.1, 18.1)
6.8 (3.9, 11.5)

1,597
7,486

3.7 (2.7, 5.2)
3.4 (2.9, 4.1)

Unweighted sample size (sample sizes vary due to missing information)

a

b

Weighted prevalence

BRFSS  Behavioral Risk Factor Surveillance System
CI  confidence interval
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obese respondents and almost 80.0% among non-obese
respondents. Among those without exposure to indoor
mold, obese respondents had a rate of asthma attack
that was twice that of non-obese respondents (5.7%
vs. 2.8%, p0.0001). Among people with exposure to
mold, the prevalence of asthma attacks was 2.3 times
as high among obese respondents as among non-obese
respondents (11.4% vs. 5.0%, p0.1012). In other
words, those who were obese had a 100.0% increase in
asthma attacks among people without mold exposure
and a 130% increase in asthma attacks among people
with mold exposure.
With exposure to indoor mold, the OR for asthma
attack among obese people was 2.42 (95% CI 0.97, 6.06)
(Table 2); the AOR of this event among obese people
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was 2.99 (95% CI 1.11, 8.06) after adjusting for age,
sex, and race/ethnicity, and 3.10 (95% CI 1.10, 8.67)
after adjusting for these three variables plus smoking
status. In all cases, non-obese respondents were the
referent group.
Without exposure to indoor mold, the OR of asthma
attack among obese respondents was 2.09 (95% CI
1.51, 2.88) when non-obese respondents were the
referent group. The AOR among obese respondents
was 2.18 (95% CI 1.58, 2.12) after adjusting for age,
sex, and race/ethnicity, and 2.21 (95% CI 1.54, 3.17)
after additional adjustment for smoking status, with
non-obese respondents as the referent group.
The Hosmer-Lemeshow goodness-of-fit test showed
that the p-values for both Wald F and Satterthwaite F

Table 2. Odds ratio of asthma attack with and without exposure to indoor mold for adults 18 years of age
Model 2b

Model 3c

OR (95% CI)

AOR (95% CI)

AOR (95% CI)

Exposed to
mold
(n495)

Not exposed
to mold
(n8,584)

Exposed to
mold
(n489)

Not exposed
to mold
(n8,506)

Exposed to
mold
(n487)

Not exposed
to mold
(n8,453)

2.42 (0.97, 6.06)
Ref.

2.09 (1.51, 2.88)
Ref.

2.99 (1.11, 8.06)
Ref.

2.18 (1.53, 2.12)
Ref.

3.10 (1.10, 8.67)
Ref.

2.21 (1.54, 3.17)
Ref.

0.98
0.47
0.40
0.60

0.99
1.27
1.36
1.19

0.90
0.42
0.32
0.55

0.99
1.26
1.32
1.18

Variable
Obesity status
Yes
No

Model 1a

Age (in years)
18–24
25–34
35–44
45–54
55–64

(0.19,
(0.12,
(0.11,
(0.17,
Ref.

5.08)
1.81)
1.52)
2.09)

(0.46,
(0.73,
(0.83,
(0.75,
Ref.

2.12)
2.20)
2.25)
1.90)

(0.21,
(0.11,
(0.08,
(0.15,
Ref.

3.87)
1.58)
1.36)
2.11)

(0.46,
(0.73,
(0.80,
(0.74,
Ref.

2.11)
2.18)
2.19)
1.89)

Sex
Female
Male

1.20 (0.53, 2.07)
Ref.

Race/ethnicity
White/non-Hispanic
Black/non-Hispanic
Other

3.17 (0.77, 12.97) 1.41 (0.87, 2.29) 2.86 (0.77, 10.64) 1.39 (0.87, 2.24)
2.98 (0.54, 16.52) 1.07 (0.58, 1.97) 2.69 (0.52, 14.00) 1.06 (0.58, 1.94)
Ref.
Ref.
Ref.
Ref.

2.35 (1.52, 3.61)
Ref.

Smoking status
Smoker
Nonsmoker
Goodness-of-fit testd
Chi-square
Wald F
Satterthwaite

0.03
0.27
0.18

Odds ratio without adjustment

a

AOR adjusted for age, sex, and race/ethnicity

b

AOR adjusted for age, sex, race/ethnicity, and smoking

c

Hosmer-Lemeshow goodness-of-fit test

d

OR  odds ratio
CI  confidence interval
AOR  adjusted odds ratio
Ref.  referent group
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0.17
0.57
0.74

1.32 (0.51, 3.41)
Ref.

2.31 (1.50, 3.56)
Ref.

1.59 (0.53, 4.79)
Ref.

1.03 (0.68, 1.56)
Ref.

0.03
0.37
0.38

0.17
0.69
0.78
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were large (p0.05). Therefore, our null hypothesis
was not rejected and our models were a good fit for
the data. In addition, in our logistic regression models using BMI as a continuous variable, we found that
with exposure to indoor mold, the OR for asthma
attack among obese respondents was 1.78 (95% CI
1.03, 3.07); after adjusting for age, sex, race/ethnicity, and smoking, the AOR among obese respondents
was 1.79 (95% CI 1.08, 2.98); without exposure to
indoor mold, the OR of asthma attack among obese
respondents was 1.56 (95% CI 1.29, 1.88); and after
adjusting for age, sex, race/ethnicity, and smoking,
the AOR among obese respondents was 1.58 (95% CI
1.31, 1.90). Similar results were found whether we used
BMI as a continuous or a dichotomized variable. This
suggests that using BMI as a dichotomized variable in
our models was valid.
DISCUSSION
To our knowledge, this is the first study using data
from the BRFSS to evaluate the likelihood of asthma
attack among obese and non-obese adults exposed
to indoor mold. Previous studies have demonstrated
that asthma is associated with obesity.11–17 But there is
also some debate about the existence of the association and its meaning.15–17 Our findings show that the
risk of asthma attacks among obese people is higher
than in non-obese people with or without exposure
to indoor mold. With exposure, the ratio was 2.3:1;
without exposure it was 2.0:1. This further confirms
the association of asthma with obesity.
Why obese people have a higher risk of asthma
attack has not been clearly established. Some studies
indicate that people with asthma are far more likely to
be obese than people without asthma, and this leads
to a debate about whether asthma increases the risk of
obesity or vice versa. More studies are needed to solve
this debate. Regardless of how the issue is resolved, the
finding in our study—that with exposures to indoor
mold, the prevalence of asthma attack among obese
people is twice as high as that among non-obese
people—suggests that health or medical professionals,
while treating asthma patients, should offer advice to
help them control or reduce their weight and avoid
exposure to indoor mold.
In our study, the ratio of asthma attack between
those exposed to indoor mold and the unexposed was
2.0:1 among obese people and 1.8:1 among non-obese
people, which are almost the same ratios when considering the margin of error. Because obesity increased
the prevalence of asthma attack by about 100% to

130%, and exposure to mold increased it by about
80% to 100%, we were expecting the prevalence of
asthma attack among obese respondents exposed to
indoor mold to be about four times as high as among
non-obese respondents without exposure. Instead, the
prevalence (11.4%) of asthma attack among obese
respondents with exposure to mold was only twice as
high as that of obese respondents without exposure
(5.7%). This ratio was almost the same (2.3:1) as that
for the obese vs. the non-obese respondents among
those with exposure to indoor mold when considering
the margin of error. Therefore, we could not conclude
that obese respondents had a higher risk of asthma
attack than non-obese respondents when both were
exposed to mold.
Limitations
Some studies have demonstrated the association of
mold exposure with the exacerbation of asthma caused
by allergies.26–29 Because mold is a general term for
all species of molds, some of them (probably most of
them) may not have the allergens that lead to initiation
and even exacerbation of asthma. In addition, there
are two types of asthma: allergic and nonallergic. Nonallergic asthma may not be triggered or exacerbated
in patients exposed to the molds with the specific
allergens that could lead to exacerbation of allergic
asthma. In this study, the data collected on mold and
asthma in the BRFSS did not allow us to discern the
species of molds nor the types of asthma. This is one
of the important limitations that we should consider
while interpreting our data.
Other limitations should also be considered. The
BRFSS is a telephone survey that excludes people with
no telephones, which may result in sampling bias. All
of the data in the survey were self-reported and may
be subject to recall bias. There were no data on dosage
or time regarding exposure to indoor mold; similarly,
information about the severity of the asthma was not
available. Another concern is that the sample of those
with exposure to indoor mold was much smaller than
that without exposure to indoor mold, which may have
led to erroneous conclusions because of sampling bias.
Furthermore, we could not consider the effect of geography in our regression analysis because we had data
from only two states. We were able to consider the effect
of season on exposure to mold and asthma attack, but
we did not include it in our regression models because
we did not find that it had a statistically significant
effect. Finally, because this was a cross-sectional study,
and given the limitations of the data, we cannot infer
causation until further study is conducted.
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CONCLUSION
Our study suggests that obese adults may not necessarily have a higher risk of asthma attack than non-obese
adults who are exposed to indoor mold, even though
both obesity and exposure to indoor mold were associated with an increased risk of asthma attack among all
adults in this study. We found that obesity increased the
prevalence of asthma attack by about 100% to 130%,
and exposure to mold increased the prevalence of
this event by about 80% to 100%. Therefore, medical
professionals should not only advise asthma patients
to incorporate measures of weight control or weight
reduction as one component of their treatment plan,
but should also advise them to avoid exposure to
indoor mold.
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coordinators from Maryland and Texas and the members of the
Survey Operation Team in the Behavioral Surveillance Branch,
National Center for Chronic Diseases/Division for Adult and
Community Health, Centers for Disease Control and Prevention
(CDC) for their help in collecting the data used in the analysis.
The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position of
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