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Summary
Background: Obesity is a risk factor for asthma. However, it is unclear if in-
creased obesity prevalence contributed to rising childhood asthma prevalence.

Objective: To assess if population-level changes in weight status impacted
asthma prevalence over time.

Methods: Using nationally representative 1988–2014 National Health and Nutri-
tion Examination Survey data for 40 644 children aged 2–19 years, we analyzed
asthma trends by weight status (body mass index age-specific percentiles deter-
mined usingmeasured weight and height). Logistic regression and population attrib-
utable fraction were used to assess the association between obesity and asthma
prevalence.

Results: Although obesity was a risk factor for asthma throughout the period,
asthma prevalence increased only among children with normal weight; there was
no interaction between weight status and time. The population attributable fraction
for overweight/obesity rose from 8.5% in 1988–1994 to 11.9% in 2011–2014, but
this increase was not significant (P = 0.44).

Conclusions: Together, these data do not support a contribution of obesity
trends to asthma prevalence trends.
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Although obesity is increasingly recognized as an
asthma risk factor, childhood asthmaprevalence trends
byweight status have not been described (1). Prospec-
tive studies have shown incident asthma is associated
with obesity (1–3). Hypotheses for this observation in-
clude the pro-inflammatory state of obesity, sex hor-
mone influence and a common genetic mechanism
for obesity and asthma (1,3). Prevalence of both child-
hood asthma and obesity increased in the 1990s and
2000s (4,5), and it is not clear if increasing obesity con-
tributed to asthma prevalence trends.We sought to as-
sess if increasing obesity prevalence is associated with
increasing asthma prevalence on a population level.
We analysed nationally representative National

Health and Nutrition Examination Survey (NHANES)
1988–2014 data for children aged 2–19 years.
Younger children were excluded given the difficulty
of asthma diagnosis among very young children (6)
and the different method of determining weight status
in this age group. NHANES, a survey of the US civilian

non-institutionalized population administered by the
National Center for Health Statistics, uses a com-
plex probability design. NHANES III was released
as one data set for 1988–1994; data from continu-
ous NHANES from 1999 forward were released in
2-year cycles. Written parental consent was ob-
tained for participants aged <18 years. Conditional
examination response rates ranged between 76%
and 87% (7).
Asthma prevalence was defined as an affirmative

response to ‘Has a doctor or other health professional
ever told you that you have/your child has asthma?’
and ‘Do you/does your child still have asthma?’ Body
mass index (BMI) was calculated as measured weight
in kilograms divided by measured height in meters
squared (8). Weight status was defined as under-
weight (BMI age-specific percentile <5th), normal
weight (5th to <85th), overweight (85th to <95th)
and obese (≥95th) (9). Asthma prevalence estimates
for the underweight group were not reliable and not
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shown. Pregnant participants and records missing
asthma or weight status were excluded (n = 1405,
3%); the final sample size was 40 644 (see Table S1
for sample size and population characteristics).
Logistic regression models (excluding underweight

children, n = 1439) were used to assess the associa-
tion between asthma and weight status, controlling
for age, sex, race/Hispanic origin and survey cycle.
To assess whether the relationship between asthma
and weight status varied over time, we entered an in-
teraction term (weight status*survey cycle) into the
model. National estimates, trends with orthogonal
polynomial contrasts and logistic regression models
were estimated with SAS version 9.3 (SAS Institute,
Inc., Cary, NC, USA) using examination weights. Vari-
ance estimates were calculated with SUDAAN version
11.0 (RTI, Research Triangle Park, NC, USA) to ac-
count for the complex survey design. Significance
was set at α < 0.05. Population attributable fractions
(PAFs) of overweight/obesity were assessed for
1988–1994 and for each 4-year period from 1999 to
2014 using STATA version 13 (Stata Corporation,
College Station, TX, USA) standard error (SE). The
PAF estimates the proportion of asthma prevalence
that can be attributed to overweight/obesity by
comparing the observed prevalence with a hypothet-
ical counterfactual in which all children with
overweight/obesity had the same odds of asthma as
children with normal weight, adjusted for the same
covariates used in the logistic regression model.

These analyses used STATA ‘svy’ commands to ac-
count for the complex sample design.
Among children aged 2–19 years, asthma preva-

lence increased from 7.1% (SE 0.5) in 1988–1994 to
10.3% (SE 0.7) in 2013–2014, and prevalence of obe-
sity increased from 10.0% (SE 0.6) to 17.2% (SE 1.1)
(Table S1). Asthma prevalence increased significantly
only among children with normal weight from 6.1%
(SE 0.5) to 10.1% (SE 0.7) (Fig. 1). No significant
asthma prevalence trends were observed among
overweight or obese categories. However, asthma
prevalence among children with obesity was
significantly higher than those with normal weight in
1988–1994, 1999–2000, 2003–2004 and
2007–2012 and higher than for overweight children
in 2011–2012. When weight status was assessed
by asthma status, the prevalence of normal weight
declined while obesity increased among children with-
out asthma, but there were no trends in weight status
among children with asthma (Fig. S1).
Logistic regression showed that the odds of having

asthma increased with overweight (adjusted odds ra-
tio, AOR, 1.2; 95% confidence interval, CI, 1.1, 1.4)
and obesity (AOR 1.7; 95% CI 1.5, 2.0). Adjusted
odds for other covariates were similar to those
observed in other national data (Fig. 1) (5). The inter-
action term between weight status and survey cycle
was not statistically significant. Finally, while the PAF
for overweight/obesity was 8.5% (95% CI 5.6, 11.1)
in 1988–1994 and 11.9% (95% CI 8.3, 15.3) in

Figure 1 (Left) Asthma prevalence by weight status (underweight category not shown because of unreliable point
estimates) and (right) adjusted odds ratios and 95% confidence interval for asthma by weight status, sex, age group,
race/ethnicity and National Health and Nutrition Examination Survey cycle (the interaction term (weight status*survey cycle)
was not statistically significant; underweight category was excluded because of low sample size) – children 2–19 years of
age, USA.
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2011–2014, the difference was not statistically signif-
icant (P = 0.44) (Table 1).
Limitations include a cross-sectional design and

inability to assess causation. Additionally, asthma
status is determined based on self-report and was
not confirmed using medical records; however,
self-report was anchored on receiving a diagnosis
from a medical professional, the same methodology
used in national asthma surveillance (5). BMI does
not directly measure adiposity; however, other studies
have found that BMI had a similar or stronger associ-
ation with asthma status than central adiposity mea-
sures, including waist circumference (10,11). Asthma
prevalence estimates by weight status fluctuated be-
tween NHANES survey cycles. However, when 4-year
cycles were analysed to increase sample size for each
time point observation (1999–2002, 2003–2006,
2007–2010 and 2011–2014), results were similar:
asthma prevalence trends among the overweight
and obese categories were not statistically significant
(data not shown). Finally, there is likely to be additional
complexity in the association between obesity and
asthma within age and sex subgroups and additional
mediators such as physical activity that are not con-
sidered in this analysis.
In summary, results suggest that asthma preva-

lence in 2011–2014 would have been reduced by less
than 12% if all children had normal weight. This
portion of asthma prevalence attributable to
overweight/obesity was not significantly different than
that found in 1988–1994 (8.5%). Asthma prevalence
increased only among children with normal weight,
and an interaction term between weight status and
survey period was not significant. Among children
with asthma, there was no trend in obesity preva-
lence. However, obesity was a consistent asthma risk
factor: asthma prevalence was consistently higher
among children with obesity, and in adjusted analy-
ses, obesity was among the strongest risk factors
for asthma. Epidemiologic studies such as this one
can delineate associations on a population level,

which are important to better understand the joint
public health impact of asthma and obesity, but
cannot adequately disentangle the complex interplay
between asthma risk factors. This study does,
however, inform hypothesis generation for additional
research on the potential role of obesity in the devel-
opment of asthma, adding to the evidence of potential
benefits of addressing childhood obesity.
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Table S1. Sample size, asthma and obesity preva-
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Figure S1. Weight status prevalence, by asthma
status, children 2–19 years of age, National Health
and Nutrition Examination Survey, 1988–1994 to
2013–2014
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