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Abstract: Objective: The purpose of this study was to describe the effects of obesity (body mass index  95th percentile)
on objective measures of airway obstruction as determined by spirometry.
Design: Prospective cross-sectional study.
Methods: Two hundred ninty six (Age: 13.6 ± 1.5 Years) children from two middle schools were enrolled. The standing
heights and weights in bear-feet were measured, and body mass index (BMI) was calculated. Spirometry was performed
according to the American Thoracic Society guidelines. The definition of reversible airway obstruction was based on the
following criteria: forced expiratory volume in one second (FEV1) < 80% predicted, and FEV1/forced vital capacity
(FVC) > 5% lower than predicted for age and sex.
Results: Two-hundred-twenty-six children (76%) were African-American and 71 children (24%) were white. 138 (46%)
children were obese. 36/296 (12%) children met the criteria for reversible airway obstruction, of which 29/296 (9.7%)
were obese. Baseline FEV1 percent predicted (88 ± 6 vs 84 ± 7 %, p = 0.03), FEV1 /FVC(94 ± 6 vs 86 ± 8, p < 0.001), and
FEV1 percent predicted following albuterol administration (95 ± 7 vs 88 ± 7 %, p = 0.03) were all lower in children who
were obese.
Conclusions: There is an association between obesity and reversible airway obstruction as demonstrated by spirometry in
children.
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INTRODUCTION
Asthma is one of the principal causes of chronic illness in
children [1-4]. Obesity is another major public health concern
[5-8]. The rise in the prevalence of obesity has been attributed
to lifestyle changes that have resulted in decreased energy
expenditure, while the increase in asthma prevalence remains
unexplained [2-6]. Because the increases in asthma and obesity appear to have coincided, it has been suggested that they
may be related. Results of studies on the association between
obesity and asthma in children have been inconsistent and the
exact nature of the relationship remains complex [9-16].
The diagnosis of asthma in most previous studies was
based on either physician-diagnosed asthma or parental report of diagnosed asthma [9-17]. In order to minimize difficulties in comparison of diagnosed cases of asthma in different populations, objective measures of lung function may be
necessary [17]. Furthermore, standard Body Mass Index
(BMI) reference values were not available for studies on this
subject that were conducted prior to 1991 [15, 18].
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The focus of this study was to describe the proportion of
inner-city children who are obese (BMI  95th percentile)
and to study the effects of being obese on objective measures
of reversible airway obstruction as determined by spirometry
in these children.
METHODS
This study gathered information on weight, height, BMI,
and the breathing status of children enrolled in two public
schools in the Detroit metropolitan area, Michigan, USA.
The study was conducted from March 1 to May 31, 2006.
Children with recent upper or lower respiratory diseases,
chest or skeletal deformities, and immunodeficiency were
excluded from the study. An informed consent was obtained
from the legal guardian of all children prior to enrollment
into the study. An ascent was obtained when appropriate.
Clinical diagnosis of asthma was based on the history of
two more episodes of wheezing that was treated with bronchodilators or a physician diagnosis of asthma. All children
were measured and weighed (Health-O-meter; Continental
Scale Corp, Chicago, IL, USA) in a private area to maintain
confidentiality. Height was measured with the child barefoot
and erect against a wall-mounted scale (AccustatStadiometer, Genentech, San Francisco, CA, USA) and recorded to the last 0.5 cm. Children were weighed in under2009 Bentham Open
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pants, with weight recorded to the last complete 100g. BMI
was calculated as weight in kilograms divided by squared
height in meters. Weight status was defined by using ageand gender-specific BMI percentiles from the Centers for
Disease Control and Prevention (CDC) National Center for
Health Statistics growth charts for the United States [19, 20].
Obesity was defined as a BMI  95th percentile for age and
sex of the person [19, 20].
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airway obstruction, of which 29 (9.8%) were obese. There
was no statistically significant difference between male and
female and African-American and white with regard to the
diagnosis of reversible airway obstruction based on spirometry.
Table 1.

The Demographics and Clinical Characteristics of
the Study Population

Spirometry

Age (years, Mean ± SD)

Spirometry (pre and post-bronchodilator) was assessed
using a 12 L dry-sealed spirometer (Renaissance II, Puritann-Bennett, Carlsbad, CA, USA). All tests conformed to
the criteria of the American Thoracic Society [21, 22]. The
following parameters were measured: forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1), and
forced expiratory flow at mid-lung volume (FEF25-75). The
ratio of FEV1 to FVC (FEV1/FVC) was calculated. All values were adjusted for body temperature and barometric pressure (BTPS). Percent predicted values for FVC, FEV1, and
FEF25-75 were calculated from reference values based on
Harvard six cities study [23]. Subjects were asked to refrain
from use of asthma medications for 24 hours before testing.
Prior to use of an inhaled bronchodilator, at least 5 and no
more than 8 attempts were made to obtain at least three acceptable force expiratory maneuvers. Acute bronchodilatation was achieved with inhalation of 2 puffs (50 μgm each)
of albuterol metered dose inhaler (ventolin, GlaxoSmithkline, Research Triangle Park, NC) delivered via a spacer
(Optichamber Advantage, Respironics, Cedar Grove, NJ).
Ten minutes later, spirometry was repeated, with no more
than 5 attempts to obtain three acceptable forced expiratory
maneuvers. All maneuvers were done in the standing position, with the nose pinched with a nose-clip. A single observer reviewed each study for the quality of the FEV1 and
FVC.

Gender (M/F)

137/158

Body Mass Index (BMI)

28 ± 6.4

BMI percentile

78 ± 20

Weight (in kg)

73 ± 21

Height (in cm)

148 ± 20

Statistical analysis: Values are presented as mean ± SD.
Chi square analysis was used for nominal data and unpaired
t-tests for continuous data. Statistical significance was assumed when the p value was  0.05.
RESULTS
Three-hundred-five (out of a total of 320 children invited
to participate in the study [95% participation]) were included
in the study. Nine children were excluded (None of these
children met the criteria for obesity) because of unacceptable
quality of spirometry. Thus, the total number of participants
was 296. The demographics and other characteristics of the
entire study population are shown in Table 1.
Overall, 138/296 (46%) children were obese. 36/296
(12%) children met the criteria for reversible airway obstruction, of which 29/296 (9.7%) were obese. Girls were more
likely to be obese (77/158, 48%) compared to boys (61/137,
44%), however, this did not reach statistical significance
(p = 0.46). Eighteen (6%) children were diagnosed with
asthma by a physician or had history of recurrent wheezing
that was treated with bronchodialtors, but none of them had
undergone spirometry in order to evaluate for evidence of
reversible airway obstruction.
Based on objective measures of lung functions by spirometry, 36 (12%) children met the criteria for reversible
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13.6 ± 1.5

Ethnic group (n, %)
African-American

226 (74%)

White

79 (26%)

There was not a statistically significant difference between the obese and non-obese children with regard to clinical diagnosis of asthma without spirometry (p=0.412). Table
2 presents a comparison of obese and non-obese children
with regard to spirometry parameters. Baseline FEV1,
FEV1/FVC and FEV1 following administration of albuterol
were all lower in children who were obese compared to nonobese children. Three children with a physician diagnosis of
asthma reported use of albuterol metered dose inhaler (MDI)
in the past week. None of these children met the criteria for
reversible airway obstruction based on spirometry. Five children with a physician diagnosis of asthma reported use of
albuterol MDI in the past month. Two of these children met
the criteria for reversible airway obstruction based on spirometry. However, overall there was not a statistically significance association between use of albuterol MDI and a
diagnosis of reversible airway obstruction by spirometry.
Table 2.

Comparison of Obese (Body Mass Index  95th Percentile) and Non-Obese Children (Body Mass Index
< 95th Percentile) with Regard to Asthma Symptoms
and Spirometry Parameters

Symptom/Variable

BMI*  95th
Percentile
n = 138

BMI*< 95th
Percentile
n = 157

p

***FEV1 (L) percentage of
predicted at baseline

83 ± 7

87 ± 6

0.03

FEV1 /FVC**** (%)
baseline

87 ± 8

93 ± 6

< 0.001

FEV1 (L) percentage of
predicted after albuterol

89 ± 7

94 ± 7

0.03

*BMI = body mass index, ***FEV1 = forced expiratory volume in the first second of
exhalation, ****FVC = forced vital capacity.

DISCUSSION
This study demonstrates the very high prevalence of obesity among inner-city children. This study also demonstrates
that inner-city children who are overweight are more likely
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to have spirometric measures of reversible airway obstruction. These associations are consistent with those observed
previously [11-14, 24].
Thirty-six (12 %) children met the definition of reversible airway obstruction based on objective measures of lung
functions by spirometry. This is consistent with the national
estimate of 11.3% for children 0-16 years of age reported by
the National Health and Nutrition Examination Survey III
[16]. There was not a statistically significant difference between the African-American and white in the proportion of
children who met the criteria for reversible airway obstruction based on spirometry. This is consistent with previous
reports that have suggested that the higher prevalence of
asthma among black children is not due to race or to low
income per se, and that all children living in inner-city are at
an increased risk for asthma [25].
Asthma and obesity are both common chronic conditions
[1-6]. Studies on the association between asthma and obesity
in children have produced conflicting results [9-16]. Definition of asthma is a concern in most previous studies, which
relied on asthma questionnaires and/or a clinical diagnosis of
asthma made by a physician without objective measures of
lung functions [9-16]. A clinical diagnosis of asthma is dependent on the patient’s perception of symptoms, in terms of
frequency and severity, access to health care and the physician’s diagnostic habits in the locale [17]. These factors can
lead to variations in the diagnosis of asthma. Our study has
some advantages in comparison to other studies on the relationship between overweight and reversible airway obstruction in children [10-16]. A strict definition of asthma based
on objective measures of lung function is more likely to
strengthen the association between asthma and overweight.
Children who are obese are more likely to develop
asthma [12, 26].
Obesity is characterized by low-grade systemic inflammation with increased levels of inflammatory mediator, and
acute phase proteins, including leptin, interleukin 6, tumor
necrosis factor-[alpha], and C reactive protein. It is thought
that obesity may upregulate airway inflammation, resulting
in asthma [24].
However, it is also possible that reduced energy expenditure due to low levels of physical activity in children with
asthma may predispose to overweight and obesity [27, 28]. It
has been demonstrated that caloric intake is similar in children with or without asthma, but children with asthma are
less active than those without asthma [27]. Resting energy
expenditure, which makes up the largest contribution to total
energy expenditure, is greater in children with asthma when
compared to children without asthma [27]. These data suggest that increases in overweight and obesity in children with
asthma may be related to decreases in physical activity. Obesity may be associated with changes in airway mechanics
that predispose to respiratory symptoms without airway inflammation. Excess weight compressing the chest wall, fatty
infiltrate of the chest wall, and an increase in blood volume
have been proposed as mechanisms for the airway obstruction associated with obesity [28].
Overweight and obese children have a greater degree and
severity of bronchospasm with exercise compared to nonobese counterparts, and this phenomenon is related to the
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amount of subcutaneous fat [29-31]. Changes in lung volumes, as may occur with obesity, can increase airway responsiveness in individuals without asthma, and chest wall
loading associated with overweight and obesity may mechanically alter airways and increase airway reactivity [28,
32, 33].
The aversion of children with asthma to exercise could
lead to a reduction in physical activity and energy expenditure and development of obesity [29, 30]. In addition to the
influence of asthma and reduced activity levels in the development of overweight/obesity, these disorders may affect
bronchial hyperactivity in children without asthma. However, it is important to emphasize that there are medications
that children may use in preparation for exercise, including
mast cell stabilizers and -agonists [29]. When asthma is
under control even children who have moderate to severe
asthma can enjoy life with few physical limitations [29].
Children who have poor asthma control are more likely to
experience respiratory symptoms during exercise [29, 30].
Limitations of access to health care and other health care
disparities may contribute to poor asthma control in innercity children [2, 3].
Physicians should be aware of the relationship between
asthma and overweight in inner-city children and adolescents. Initiation of preventive measures, including dietary
and activity measures are critical for children who are at risk.
It is the physician’s responsibility to promote physical activity as part of a healthy lifestyle [34]. This is particularly true
for children at risk, which include children with obese parents, or obese older siblings, and children who begin to show
large increases in BMI for their age [28]. Children with comorbid asthma and obesity should receive treatment for their
obesity, including a gradual increase in vigorous physical
activity in order to avoid sedentary lifestyle and to increase
their exercise tolerance. It is critical not to allow asthma to
lead to other chronic medical conditions such as overweight
and obesity, which can carry into adulthood with their own
associated complications [28, 29]. It may also be helpful to
consider lifestyle modifications that involve the entire family
and which can be incorporated into the family’s daily routine
[35]. This recommendation may be particularly important for
inner-city families where optimal health care services may
not be readily available [36]. This represents an important
opportunity to improve the quality of lives of many of these
children.
LIMITATIONS
This study has a number of limitations. It includes a
small number of inner-city children studied at two secondary
schools in the Midwestern part of the U.S. Participation was
voluntary based the willingness of children and their parents
to consent for enrollment into the study. This may introduce
selection bias into the results of the study. A more critical
issue is the measurement of overweight in children and adolescents. Overweight and obesity are generally understood as
an increase in body weight resulting from excessive body fat.
BMI is an indirect measurement of body fat, and has been
used in epidemiological studies in children [6-9, 12, 21].
However, it has been suggested that BMI does not take into
account the proportion of muscle mass and body frame [31].
A child who is physically active may have a high BMI but an
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acceptable level of body fat. Some studies have shown that
BMI may be a poor indicator of adiposity in individual children [31]. BMI is also sex-dependent in that females have
higher fat mass values than males, and BMI exhibits variations among ethnic groups [35]. BMI values that are equivalent may represent different levels of adiposity for different
age, gender, and ethnic subpopulation. Furthermore, the
definition of obesity has not been consistent in previous
studies [9-16]. Some studies have used the 85th percentile to
define obesity, while others used a BMI > 95th percentile to
define obesity [9-16]. This may explain some of the discrepancy between the results of studies on the association between obesity and asthma in children [9-16]. The sum of
triceps and subscapular skin fold thickness (sum of skin
folds) is another measure of obesity that has been used to
evaluate the association between asthma and obesity in children [13]. However, Figueroa-Munoz, et al. found that BMI
was more consistently associated with asthma than the sum
of skin folds in children 4-11 years of age [13]. We selected
BMI instead of sum of skin folds, because BMI may be a
better measure for assessing the association between overweight and asthma in children, and because caliper measurements are somewhat less repeatable than weight and
height measurements. However, we recognize that better
measurements of overweight and obesity in children are
highly desirable.
Another difficulty is related to the definition of reversible
airway obstruction. Even when a single definition is accepted, there are no agreed rules about how to make a diagnosis of reversible airway obstruction in an individual child.
From a clinical standpoint, a diagnosis of reversible airway
obstruction is made based on the history, physical examination and respiratory function tests, often over a period of
time. The variability of the condition means that evidence of
it may or may not be present on the day, or at the time the
child is assessed.
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