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Objective: To examine the relationship of body mass index (BMI) and asthma indicators on children with asthma in a Head
Start (HS) program.

Methods: In this cross-sectional study (November 18, 2000, to December 12, 2003) of children aged 3 to 5 years with asthma,
we compared the BMI data of HS asthmatic patients (n � 213) with the data of peer control subjects from a sample (n � 816)
of the National Health and Nutrition Examination Survey aged 3 to 5 years and with children in prekindergarten in Arkansas
public schools (n � 1,024). Parental reports of asthma symptoms, health care use, medication use, school days missed, and
quality of life were used as indicators of asthma morbidity. Categorical analysis and �2 tests were performed to examine the
relationship between BMI and asthma morbidity.

Results: The prevalence of overweight (�95th percentile) was significantly higher in HS children with asthma compared with
the National Health and Nutrition Examination Survey children (P � .001) and Arkansas prekindergarten children (P � .05).
Compared with HS asthmatic children with a BMI less than the 85th percentile, HS asthmatic patients with a BMI of the 85th
percentile or greater reported significantly more school days missed (P � .02), lifetime hospitalizations (P � .04), emergency
department visits (P � .02), and activity limitations (P � .03) and fewer oral corticosteroid bursts (P � .04). There was also a
trend for more daytime symptoms (P � .05) and lower quality of life (P � .06). No differences were observed in rescue (P �
.28) or controller (P � .47) medications, environmental tobacco smoke exposure (P � .47), positive allergy test results (P � .85),
and nighttime symptoms (P � .99).

Conclusions: Having an increased BMI was associated with more asthma morbidity in this group of HS asthmatic patients.
Despite the lack of a clear explanation for the link between asthma and BMI, our data suggest that an increased BMI significantly
affects the well-being of young asthmatic patients and should be further addressed.
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INTRODUCTION
In the past decade, the prevalence of asthma and overweight
has increased concurrently, and both conditions are higher
among minority children.1,2 Most studies suggest asthma
prevalence has been increasing in children and young adults
for the past several decades by approximately 5% to 6% per
year, but the increases among minorities3–7 and low-income
populations6,8 have been much higher.9 In the 2001 National
Health and Nutrition Examination Survey (NHANES), 9.2
million children (aged 0–17 years) reported being diagnosed
as having asthma at some point in their lives, and 6.3 million
reported having current asthma. When ethnicity was consid-

ered, African Americans were 4% more likely to have ever
been diagnosed as having asthma, and 10% more likely to
have current asthma, when compared with whites.10

The prevalence of body mass index (BMI) of the 85th
percentile or greater among children has also increased
steadily.11–14 Results of the NHANES III indicated that 22%
of children (aged 0–17 years) were at risk and 11% were
overweight.15 Rates of BMI of the 85th percentile or greater
among children in Arkansas are higher than the national rates
(38% vs 33%).15 In 1999, hospital-related charges for weight-
related conditions cost the Arkansas health care system more
than $125 million.16 There is evidence suggesting children in
the 85th percentile or greater for BMI are at an increased risk
for asthma morbidity and mortality.17–20 Thomas and Whit-
man21 reported that obesity was a secondary diagnosis in 2%
of asthma-related deaths among adults in Chicago, Illinois,
between 1997 and 1999. Given the high prevalence of asthma
and high BMI, it is not surprising that these conditions
coexist in many patients. This observation has prompted
researchers to study the link between the 2 diagnoses. It has
been argued that having a high BMI (�85th percentile)
increases the risk for asthma development; however, the data
have been inconsistent.22–25 A recent longitudinal study26 of
children with asthma did not find a direct causal link, and the
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authors concluded the association between BMI and asthma
was a recent phenomenon, possibly a marker of lifestyle or
dietary changes. The NHANES found support for the asso-
ciation between physician diagnosis of asthma or asthmalike
symptoms and BMI, but no independent association between
BMI and atopy was found.27 Weight reduction interventions
have shown an improvement in asthma symptoms and respi-
ratory function.28–31 In summary, there is evidence of a link
between high BMI and asthma; however, the exact nature of
the link is still controversial. Despite lack of a clear expla-
nation, the evidence showing that patients with a BMI of the
85th percentile or greater experience more severe respiratory
symptoms, use more medication, and have an increased risk
of death is growing. Our study aim was to examine the impact
of BMI on asthma morbidity indicators in young children
(aged 3–5 years) with physician-diagnosed asthma or identi-
fied by a clinical algorithm as having “possible asthma.”

METHODS
From November 18, 2000, to December 12, 2003, as part of
the Head Start (HS) enrollment process, primary caregivers
of children aged 3 to 5 years completed an asthma case
finding survey. Primary caregivers of children at risk for
asthma were invited to participate in an asthma community
intervention.32 Eligible children had physician-diagnosed
asthma and/or were identified using a validated asthma diag-
nosis algorithm.33 The University of Arkansas for Medical
Sciences Human Research Advisory Committee approved the
study, and written informed consent to participate and to
access medical records was obtained from all participants.
Trained research assistants interviewed caregivers to com-
plete a baseline structured questionnaire at the HS centers.
The questionnaire included detailed information on asthma
morbidity indicators, including the asthma quality-of-life
(QoL) questionnaire of Juniper et al,34 and gave permission to
access their HS records. The BMI data were obtained from
the medical records of 213 children.32 As part of the chil-
dren’s annual health screening, standing height and weight
measurements were performed. Anthropometric measure-
ments were performed by dietetic interns and supervised by
the internship director (P.A.C.). Skin prick allergy testing was
completed on 141 of these 213 children (66.2%) by the prick
puncture method on the back using a test device (MultiTest
II; ALK-ABELLO, Round Rock, Texas) for 6 allergens: dust
mites (Der p 1 and Der f 1 mix), animal dander (Fel d 1 and
Can f 1 mix), cockroach (Bla g 1 and Bla g 2 mix), ragweed,
Bermuda grass, and oak pollens.32 To determine exposure to
environmental tobacco smoke (ETS), urine samples were
obtained from 145 of the 213 children (68.1%). Results are
presented as cotinine-creatinine ratio.

To determine whether the BMI status of children with
asthma differs from that of their peers, we compared the BMI
measurements of children from HS with those obtained by the
Arkansas Center for Health Improvement of children in the
prekindergarten program (4-year-olds) enrolled in the public
schools in Arkansas (2003–2004; N � 1,024),35 some of

whom might have had asthma. We also use as a reference
group a sample of children aged 3 to 5 years from the 1999
to 2000 NHANES. The NHANES reference was used be-
cause it was the year closest to the HS data and includes
specific values for individuals in the age range encompassed
by the patients in the study population (3–5 years).

Statistical Analysis
The BMI, calculated as weight in kilograms divided by height
in meters squared, was used as the indicator of weight status.
National US data (1963–1994) were used to convert BMI into
sex- and age-specific z scores and percentiles.36 The BMI
percentile was then compared with the 2 reference popula-
tions. All statistical analyses were conducted using SPSS
statistical software, version 14 (SPSS Inc, Chicago, Illinois).

BMI Distribution
The distributions of BMI for all the children in the study were
assigned to 1 of 3 groups using percentile cutoff points
(�85th, �85th-�95th, and �95th). A child with a BMI in the
85th to less than the 95th percentile of the reference was
considered at risk for overweight, and one with a BMI in the
95th percentile or greater was considered to be overweight,
following the definitions of the Centers for Disease Control
and Prevention.36 Two levels of categorical variables were
created for the extreme upper end of the BMI distribution
using 85th percentile to less than 95th percentile and 95th
percentile or greater. Bivariate categorical analyses were per-
formed to examine the differences in overweight children
between the reference groups and the HS sample. A Pearson
1-sided �2 test was chosen based on previous findings show-
ing that older children26,37,38 and adults39–41 with asthma tend
to have a higher BMI.27 Thus, the HS sample was compared
with the Arkansas and NHANES reference populations to test
the following hypotheses: (1) P � Po and (2) P � P°, where
P is the probability of the reference groups of having a BMI
of the 95th percentile or greater and P° is the probability of
the children with asthma in HS of having a BMI of the 95th
percentile or greater.

Asthma Morbidity Indicators and BMI
Parents’ responses to the questions on asthma symptoms,
health care use, history of medication use, school days
missed, and QoL were used as indicators of asthma morbidity
(Fig. 1) and related to BMI. Outcome variables were dichot-
omized by severity (ie, daytime symptoms �2 times per
week, nighttime symptoms �2 times per month, school
missed �5 days per year, activity limitation often, �1 burst
of oral corticosteroids, �3 emergency department [ED] visits
in the past 6 months, and �4 lifetime hospitalizations). A
total QoL score was calculated and dichotomized into high
and low QoL using a cutoff of less than 4.5 (low).

Because of the small sample size and the low probability of
some asthma events (hospitalizations and ED visits), children
in the 85th to less than 95th percentile and in the 95th
percentile or greater (ie, at risk and overweight, respectively)
classifications were grouped for the analysis. Bivariate cate-
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gorical analysis was performed to examine the relationship
between increased BMI (�85th percentile) and the individual
indicators of asthma morbidity among children in the HS
asthma program using Mantel-Haenszel �2 statistics for all
2-by-2 tables.

RESULTS
A total of 368 children were enrolled in the asthma commu-
nity intervention program. Of these children, 213 (57.9%)
had documented standing height and weight in their HS
records. Health care use (P � .52), symptom profile (P �
.31), and demographic characteristics (P � .91) of the 213
children with BMI data and those 155 without BMI data
(42.1%) did not differ significantly. As indicated in Table 1,
most families in the study were low-income African Ameri-
can. Of the caretakers, 51.6% had 12 or fewer years of
education. Caretakers reported smoking in 33.8% of house-
holds, with cotinine exceeding 20 ng/mg in 41 of the 146
children tested (28.1%). Of the children, 54.9% were male.
Based on parents’ reports, most children were classified as
having persistent asthma; 96 of 141 (68.1%) were positive to
1 allergen or more. Of the children, 28.1% did not have any
prescription medication. Of the 153 children with medica-
tions, almost all (n � 147) had rescue medication, and 43.7%
had rescue and controller medications. The overall mean QoL
score was 5.7 (SD, 1.4). A detailed description of the demo-
graphics and disease severity of the complete sample and the
algorithm used for identification of children with possible
asthma have been previously published.32

BMI Distribution
As shown in Figure 2, the prevalence of BMI of less than the
85th percentile in HS children with asthma (66.6%) was
comparable to the 2 reference populations, Arkansas prekin-
dergarten children (69.9%) and NHANES children (70.7%).
However, there were significant differences in the proportion
of overweight (�95th percentile) children compared with the
Arkansas prekindergarten and NHANES populations. In the
HS group, 18.8% (40/213) had a BMI of the 95th percentile
or greater compared with 10.8% for NHANES (P � .001)
and 14.4% for the Arkansas prekindergarten group (P � .05).

Asthma Morbidity Indicators and BMI
As Table 2 indicates, asthmatic children with a BMI of the
85th percentile or greater missed more school days (P � .02),
had more ED visits in the previous 6 months (P � .02), and
had activity limitations more often (P � .03). In addition,
there was a trend for children in the higher BMI (�85th
percentile) group to experience more daytime symptoms
(P � .05) and to have lower levels of QoL (P � .06);
however, these differences did not reach statistical signifi-
cance. Of the 59 children with hospitalizations, those in the
higher BMI group (�85th percentile) also reported signifi-
cantly more lifetime hospitalizations (P � .04). Children with
a BMI of the 85th percentile or greater reported significantly
fewer bursts of oral corticosteroids in the previous 6 months
(P � .04). No differences were observed in rescue (P � .28)

or controller (P � .47) medications, ETS exposure (P � .47),
positive allergy test results (P � .85), and nighttime symp-
toms (P � .99) (Table 1). There were no differences in the
number of children diagnosed as having asthma (P � .46)
between the BMI groups (�85th and �85th percentile).

DISCUSSION
To our knowledge, this is the first report assessing the rela-
tionship between BMI and asthma indicators in children aged
3 to 5 years. Nationwide, the prevalence of children with a
BMI greater than the 85th percentile is increasing, and in our
study, the critical difference occurred in children with asthma
in the highest (�95th) BMI percentile. We found that 18.8%
of HS children with asthma compared with 10.8% of
NHANES and 14.4% of Arkansas prekindergarten children
were categorized as being overweight (�95th BMI percen-
tile). In the HS sample, an increased BMI was associated with
significantly worse indicators of asthma, whereas there were
no significant differences in the number and type of pre-
scribed daily controller medications. In addition, children
with an increased BMI reported less oral corticosteroid
bursts, while reporting more ED visits, more lifetime hospi-
talizations, more schools days missed, and more frequent
activity limitation.

Our findings are in agreement with those of Belamarich et
al24 regarding the lack of association between BMI and skin
test reactivity and between BMI and ETS exposure, and
regarding the association between increased frequency of
unscheduled ED visits. However, in contrast with the findings
of Belamarich et al, our sample of children with a BMI of the
85th percentile or greater reported more frequent activity
limitations and less use of oral corticosteroids. This finding

Table 1. Sample Characteristics of the 213 Subjects

Characteristic Subjects, %

Children
African American 92.7
Male sex 54.9
Cotinine level �20 ng/mg (n � 146) 28.1
�1 Positive SPT result (n � 141) 68.1

Symptoms
Nighttime, �1 time per week 43.3
Daytime, �2 times per week 33.1
Activity limitations

�Sometimes 66.7
Most of the time 10.6

Persistent asthma symptoms 80.4
Primary caregivers

�Poverty level 81.7
Single mothers 69.8
Smokers 33.8

Education
�High school 17.8
High school graduate 33.8
�High school 48.4

Abbreviation: SPT, skin prick test.
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Figure 1. Asthma morbidity questionnaire.
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suggests that oral corticosteroid use is unlikely to be respon-
sible for significant weight gain in this population, because
almost 70% of all children in our sample received at least 1
burst of oral corticosteroids in the previous 6 months, and
heavier children were less likely to report being treated
(60.3% for those with a BMI of �85th percentile vs 74.5%
for those with a BMI �85th percentile). The association
between higher BMI and activity limitation may be related to
airway hyperresponsiveness and/or poor conditioning. It is
plausible to hypothesize that asthma symptoms may contrib-
ute to increased BMI because of inability to participate in
physical activity. Also, “overprotective” parents might limit
their child’s physical activity to “prevent” asthma symptoms.

Several mechanisms of association between asthma and
overweight have been suggested,42,43 including proinflamma-
tory mediators, such as leptin.44,45 Leptin, a hormone involved
in weight metabolism, is a potential candidate molecule to
explain the link between asthma and obesity. Because of its

suggested involvement in functions that are associated with
asthma pathogenesis, such as the up-regulation of inflamma-
tory cytokines and enhancement of immune responses,44–48

leptin has been the focus of many recent studies on asthma.
Although there is evidence to implicate leptin in asthma, the
relationship is complex and it is evident that the link between
asthma and overweight is an interaction of multiple factors,
including hormonal, mechanical,49 genetic,50,51 and environ-
mental52,53 characteristics. Despite lack of conclusive evi-
dence, our data suggest that increased BMI in children with
asthma is associated with worse asthma morbidity at an early
age.

Limitations of this study include the use of parent-reported
asthma morbidity indicators, the inclusion of children with an
algorithmic diagnosis of asthma, and the lack of objective
measurements. Diagnosing young children is difficult and
controversial among pediatricians.54–57 Often, pediatricians
defer the asthma diagnosis until symptoms become frequent

Figure 2. Body mass index distribution in the Head Start (HS) sample compared with the reference groups (Arkansas prekindergarten [preK] and National
Health and Nutrition Examination Survey [NHANES] children).

Table 2. Asthma Indicators by BMI Level in 213 Children

Asthma morbidity indicator

BMI percentilea

OR (95% CI)<85th
(n � 142)

>85th
(n � 71)

Undiagnosed asthma 32 (22.5) 13 (18.3) 0.76 (0.37–1.57)
Daytime symptoms �2 times per week 43 (30.3) 31 (43.7) 1.78 (0.99–3.22)
Nighttime symptoms �2 times per month 104 (73.2) 52 (73.2) 1.00 (0.52–1.90)
School days missed �5 days per year 17 (12.0) 17 (23.9) 2.50 (1.17–5.33)b

Activity limitations often 9 (6.3) 11 (15.5) 2.91 (1.14–7.45)b

QoL low 20 (14.5) 17 (25.0) 1.97 (0.95–4.06)
Oral corticosteroids �1 102 (74.5) 41 (60.3) 0.52 (0.28–0.97)b

Multiple ED visits �3 (n � 70) 11 (22.0) 9 (52.9) 3.99 (1.24–12.77)b

Lifetime hospitalizations �4 (n � 59) 2 (5.1) 5 (25.0) 6.17 (1.08–35.35)b

�1 Positive skin prick test result (n � 141) 63 (69.9) 33 (71.4) 1.05 (0.50–2.31)

Abbreviations: BMI, body mass index; CI, confidence interval; ED, emergency department; OR, odds ratio; QoL, quality of life.
a Data are given as number (percentage) of each group. Percentages sometimes do not total using the denominators given because of missing
data.
b P � .05.
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or severe.54,58 Although pulmonary function test results are
widely accepted for confirmation of an asthma diagnosis,59,60

testing requires specially trained technicians and is not reli-
ably performed in young children.44,58 In addition, the use of
secondary data analyses and a small sample size preclude a
definitive conclusion regarding the relationship between BMI
and asthma morbidity.

Given the rapidly increasing prevalence of high BMI
(�85th percentile) in children and its ostensible negative
effects on the health indicators of young children with
asthma, we believe it is important to further investigate the
mechanisms by which these conditions are related. These
data offer an important first glimpse in understanding the
impact of increased BMI on the health indicators of young
children with asthma, and suggest that proactive interventions
for weight and asthma control should be started early in life.
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