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Abstract

Objective—To examine the prevalence of overweight and obesity in urban adolescents with
asthma and to investigate the relationships between anthropometric measures and asthma
outcomes including quality of life, asthma control and lung function.

Methods—Adolescents with an asthma diagnosis, 12-20 years-old, were recruited from three
urban communities in the United States. Spirometry and anthropometric data including height,
weight, and waist circumferences were collected along with guestionnaire data measuring quality
of life, asthma control, and medication adherence. Body Mass Index (BMI) and waist-height ratio
(WHTtR) were computed.

Results—The sample (N=294) included 48% female and 80% African American. About 50% of
the sample were either overweight or obese, and 41% had central obesity. No significant gender
interactions with either BMI or WHtR on asthma outcomes were found. Neither BMI nor WHtR
predicted quality of life, asthma control or medication adherence, while females had poorer quality
of life and asthma control regardless of weight status (p<.001). Higher BMI or WHtR predicted
higher spirometry values. Regardless of weight status, females had greater percent predicted
spirometry values, while raw values (L) were significantly greater in males.

Conclusions—High BMI is a common comorbidity among poor, primarily African American,
urban adolescents with asthma. The negative impact of being overweight or obese on quality of
life or asthma control is yet to be manifested in adolescents. The findings underscore adolescence
as an ideal period to safely intervene to reduce excessive body weight, which can prevent the
potentially harmful effects of obesity on future asthma outcomes.

Corresponding Author: Hyekyun Rhee. University of Rochester, School of Nursing, 601 EImwood Ave. Box SON, Rochester, NY
14642; Office 585-276-3775; Fax 585-273-1270. hyekyun_rhee@urmc.rochester.edu.

Clinical Trials registry number: NCT02293499




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rhee et al.

Keywords

Page 2

Body Mass Index (BMI); waist-height ratio (WHtR); quality of life; asthma control; medication
adherence; lung function

Introduction

The obesity epidemic is a serious health threat to the public, particularly in children and
adolescents in the United States (U.S.). Rapid growth and maturation, a variety of social
factors and poor dietary habits, including excessive intake of fast food and sugar sweetened
beverages, make adolescents particularly vulnerable to excess weight gain or high adiposity.
According to recent national statistics in 2015-2016, the prevalence of obesity among
adolescents between 12 and 19 years old was 20.6%, and the prevalence was higher among
non-Hispanic blacks [1, 2]. Despite substantial clinical and policy efforts, the prevalence of
obesity has not changed significantly in adolescents in the past 15 years [2]. Childhood
obesity and its negative consequences carry into adulthood and often become intensified
with age [3].

Asthma represents a common health concern in many adolescents, with 10% of U.S.
adolescents 12 to 17 years of age reporting a current asthma diagnosis in 2015 [4]. Obesity
is increasingly recognized as a common comorbidity of asthma, with the prevalence of
obesity among youth with asthma nearing 50% [5-7]. Attaining optimal asthma control in
adolescents has remained elusive, despite available highly effective treatment options,
particularly in the presence of obesity. Studies have invariably reported a heightened burden
of asthma in association with an increased body mass index (BMI) in children and
adolescents [5, 7, 8]. Children with an increased BMI and asthma report a greater likelihood
of poorly controlled asthma, severe symptom exacerbation, urgent healthcare utilization, and
longer hospital stays for asthma and poorer quality of life compared to their lean
counterparts [6, 9-12]. Obesity is also found to complicate asthma treatments. Reduced
response to bronchodilators and long-term controller medications [9, 13, 14] and slow
recovery from an acute exacerbation [11, 12] have been documented in association with
obesity, resulting in further compromised lung function and frequent asthma related urgent
healthcare utilization in children [14].

The literature provides some evidence suggesting gender differences in the associations
between obesity and asthma control in children, although findings are mixed. Some reported
poorly controlled asthma in urban adolescent females with higher BMI, but not in their male
counterparts [15]. Others noted less controlled asthma among obese boys compared to those
of normal weight while better asthma control was reported among obese African American
girls [7]. Given the conflicting findings, there is a need to reassess the gender relationships
between body weight and asthma control in urban adolescents.

This study is an extension of the literature exploring the associations between body weight
and asthma outcomes in urban adolescents with particular attention to gender differences.
The majority of prior studies have primarily relied on BMI for body weight classification.
BMI is known to be an inadequate measure to determine adiposity status given its inability
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to distinguish lean mass from fat mass [16]. Consequently, individuals with large muscle
mass could be inappropriately classified as being obese when using BMI alone. Conversely,
individuals with minimal muscle mass and high fat mass could be inappropriately classified
as having a healthy weight. Therefore, we included waist circumferences in addition to BMI
as an index of adiposity. Waist circumference is a measure of central adiposity and denotes
metabolically active fat tissue (visceral fat) more readily than BMI [17]. Waist
circumference can distinguish children who may have a normal or healthy BMI but are
centrally obese. The growing nature of children challenges the inadequacy of using waist
circumference alone as an anthropometric indicator. Waist circumference adjusted to height
(waist-height ratio [WHtR]) has been recommended to identify those with central obesity in
children and adolescents [18-20].

The purpose of the study is twofold: (1) to examine the prevalence of overweight or obese
categories in urban, predominately poor and minority, adolescents with asthma and its
association with sociodemographic factors; (2) to investigate the relationships between
anthropometric parameters (i.e., BMI and WHtR) and treatment adherence and asthma
outcomes including asthma control, quality of life, and lung function. We hypothesized that
adolescents with high BMI or WHtR would be less adherent to asthma treatment and report
poorer asthma control, quality of life or lung function compared to their lean counterparts.

Settings and Sample

Adolescent participants, predominantly African American, were recruited from three U.S.
metropolitan cities located in New York, Maryland, and Tennessee through clinician or
school referrals, word-of-mouth, or direct recruitment at community venues or clinics.
Eligibility criteria included (1) ages between 12 and 20 years old, (2) having physician-
diagnosed asthma at least one year, (3) asthma-related health care utilization in the past 12
months preceding enroliment, (4) primary residence in the participating urban cities based
on zip codes or school districts and (5) English proficiency. Those with chronic comorbid
conditions producing asthma-like symptoms (e.qg., cystic fibrosis, heart disease, etc.) or
known metabolic disorders (e.g., diabetes), as reported by parents, were excluded.

Study Measurements

Body Mass Index (BMI)—Weight and height were measured by trained research
assistants in each site. BMI was computed by dividing weight in kilograms by height in
meters squared (kg/m2), and the corresponding BMI-for-age percentile was determined
based on gender specific BMI-for-age growth charts from the Center for Disease Control
and Prevention (CDC) [21]. According to the CDC classification, underweight was defined
as BMI <5 percentile, normal or health weight as BMI =5t percentile but < 85™ percentile,
overweight as BMI =85! but <95 percentile, and obese as BMI = 95t percentile.

Waist to Height Ratio (WHtR)—Waist circumference was measured in centimeters using
a tape measure that was placed horizontally around the waist, just above hipbones, of the
subjects in a standing position. Measurement was done just after expiration. We computed

J Asthma. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rhee et al.

Page 4

WHIR by dividing waist circumference (cm) by height (cm), and used a threshold of 0.5 or
above to identify those with central obesity or at high risk for metabolic syndrome [18-20].

Pediatric Asthma related Quality of Life—This measure is comprised of three
subscales including activity (5 items), emotional function (8 items), and symptoms (10
items) [22]. This scale is extensively used, and its validity and reliability have been
supported in studies of adolescents [22]. The total score was computed for each subscale,
with higher scores indicating higher functioning in each subdomain. Cronbach’s alphas of
activity, emotion, and symptom subscales in the current sample were .84, .91 and .94,
respectively.

Asthma Control Questionnaire (ACQ)— The measure assesses the range of clinical
impairment a person experiences in relation to asthma. The original form contains seven
items measured on a 7-point scale, from 0 (no impairment) to 6 (extreme impairment). We
used the 6-item version void of an item concerning FEV1% predicted pre-bronchodilator.
This 6-item version has been found comparable to the full version in its performance [23].
The questionnaire has been validated in children and adolescents 6 to 16 years of age [24].
The mean score of the six items was computed, with higher scores indicating greater
impairment. Cronbach alpha of the measure in the current sample was .86.

Medication Adherence—Horne’s 4-item Medication Adherence Report Scale (MARS)
[25] was administered to assess self-reported adherence based on the extent of an
individual’s general tendency to forget to take or intentionally alter or miss medication. Each
item was measured on a 5-point scale ranging from 1 (very often) to 5 (never), and sum
scores ranging from 4 to 20 were computed, with higher scores indicating higher levels of
adherence. Cronbach alpha in the current sample was .77.

Forced Expiratory Volume (FEV/1) and Forced Vital Capacity (FV/C) were obtained in
accordance with the ATS/ERS standardization [26] using a portable KoKo® spirometer. We
considered both percent predicted values (i.e., FEV1% and FVC%) and absolute (observed)
values measured in liter (L) of these parameters. Absolute values were used to remedy
duplicate adjustment of body weight and height on both outcome measures (% predicted
pulmonary function) and the predictor, BMI categorization.

Sociodemographic (age, gender, SES) and asthma-related (medication, age at asthma
diagnosis, and family history of asthma) information was completed by parents. Family
asthma history was determined based on a report of asthma diagnosis in biological parent or
sibling.

Research Participant Protection

The study protocol was reviewed and approved by the Institutional Review Boards in
academic institutions affiliated with the study team at each site. Informed parent permission
and adolescent assent were obtained prior to data collection. Older adolescents age 18 or
older consented for themselves. Study questionnaires were completed at enrollment, and
anthropometric and spirometry data were collected prior to participation in an intervention
program.
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Data Analysis

Results

Frequency analysis was conducted to describe sample characteristics and calculate the
prevalence of overweight or obese category and central obesity. Subsequently, Chi-Squares
were computed to compare the prevalence between different subgroups by
sociodemographic characteristics, family history of asthma, and the timing of asthma onset.
BMI percentiles were dichotomized into a underweight or normal weight category (Under/
Normal) and an overweight or obese category (Over/Obese) because a high proportion
(31.3%) of them were >95™ percentile, violating the normality assumptions for statistical
tests of continuous values. WHtR was not dichotomized for inferential statistics given the
normal distribution of the data. Multiple linear regressions were fit to predict treatment
adherence and asthma outcomes (i.e., quality of life, asthma control, FEV1, and FVC)
associated with the Over/Obese category or WHtR adjusted for covariates including gender,
age, household income, family history of asthma and site that had significant associations
with one or more outcome measures. Estimates of the difference between Over/Obese and
the reference category (Under/Normal) and the WHtR slope were calculated along with 95%
confidence intervals (95% CI) and p-values for the strength of the effect. We also tested for
gender interactions with the main effects. Residual analysis was examined for linear models
to look for outliers, influential points, and overdispersion. The Box-Cox method was used to
select a log-transformation of the ACQ scores because the residuals did not follow the
regression assumptions on the linear scale. Otherwise, there were no substantial departures
from the model assumptions.

Sample Characteristics and Descriptions of Study Variables

A total of 373 adolescents from Buffalo NY (n=154), Baltimore MD (n=100), and Memphis
TN (n=119) initially enrolled in the study. Of those, this study sample included only 294
adolescents whose anthropometric and spirometry data were available for analyses. Table 1
summarizes the demographic characteristics of the sample and descriptive statistics of study
variables. The majority of participants were non-White, predominantly African American,
and poor. The proportion of white participants at the NY site (30%) was significantly higher
than that of the other two sites (2-3%) (Chi-Square=46.1, p<.001). In addition, the N site
had a significantly higher FVC (0.31 L more, p<0.0005) and FEV1 (0.31 L, p<0.0005)
compared to the other two sites. Otherwise, there were no site differences in other
sociodemographic characteristics, the rates of overweight/obesity by BMI or central obesity
by WHTtR, or outcome measures. Based on the ACQ’s prespecified cut-offs (=1.5 for
uncontrolled), 42.2% (n=127) had uncontrolled asthma. Most of the sample (n=219, 74.5%)
reported using at least one controller medication, and almost all participants (n=285, 97%)
reported having a short-acting bronchodilator.

Prevalence of Overweight and Obese Categories and Central Obesity

Nearly 50% of the sample were either overweight (18.4%) or obese (31.3%) as determined
by their BMI percentile, and 41% had central obesity based on WHtR (Table 1). Table 2
summarizes the prevalence of overweight/obese category by sociodemographic variables,
family history of asthma, and age at diagnosis. Females were more likely to be overweight/
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obese than males. Females or older teens had a greater likelihood of central obesity than
males or younger counterparts.

Quality of Life and Asthma Control Predicted by BMI and WHtR

Initially, we tested for gender interactions with main effects of weight variables on quality of
life and asthma control, and none of the interaction terms were significant (data are not
provided). As such, subsequent regression models were conducted only with main effects
without an interaction term. Table 3 summarized the results of regression models predicting
quality of life and asthma control by BMI category or WHtR and gender after controlling for
age, family history of asthma, household income and site. Teens with high BMI did not
significantly differ from their lean counterparts in quality of life or asthma control. Similarly,
there were no significant relationships between WH{R and these outcome measures of
asthma. Female gender emerged consistently as a risk factor for poor quality of life
(p<0.001) and asthma control (p<0.001) regardless of BMI or WHtR.

Adherence to Treatment Predicted by BMI and WHtR

We found no significant differences in medication adherence (MAS) or missed doses of
daily controller medication between the overweight/obese group and their lean counterparts
(B=-0.12 (-1.08, 0.83) p=.80, B=0.03 (-1.05, 1.10) p=.96, respectively) or based on WHtR
(B=0.34 (-5.36, 4.69) p=.90, B=4.10 (-1.83, 10.03) p=.17, respectively) after controlling for
the covariates.

Pulmonary Function Predicted by BMI category and WHtR

Pulmonary function was measured by percent predicted FEV1 and FVVC as well as absolute
values of these two parameters. Table 4 summarizes the results of regression models
predicting spirometry parameters by BMI category or WHtR and gender after controlling for
age, family history of asthma, household income and site. In general, higher BMI was
significantly associated with greater FVVC and FEV1 either %predicted or absolute value,
while WHtR was positively associated only with FVVC either %predicted or absolute value.
Conflicting findings were noted between gender and the two types of pulmonary function
values. Females had significantly greater %predicted FVC or FEV1, while FVC and FEV1
absolute values (L) were significantly higher in males.

Discussion

This study examined the prevalence of overweight and obesity in urban adolescents with
asthma, and its relationships with multiple outcomes of asthma. In this study, nearly half of
urban adolescents with asthma were classified into either overweight or obese category. The
rate of obesity (31.3%) in this study is lower than that reported in two other inner-city
studies of adolescents with asthma, 34% and 35.2% [15, 27], or a study of adolescents with
asthma with racially diverse backgrounds, 46% [5]. Compared to the national prevalence of
overweight (16.6%) or obese (16.1%) among urban adolescents in the U.S., predominantly
African American, in 2017 [28], our rates and those in other studies of adolescents with
asthma are substantially higher, suggesting widespread comorbidity between asthma and
being overweight/obese in this population. The rate of central obesity, 41%, in this study is
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higher than 36.5% reported in U.S. adolescents aged 12-18 years or 29% among African
American children and adolescents based on the same adiposity indicator, WHItR [29]. A
study of Brazilian adolescents demonstrated 1.24 times higher odds of central obesity among
those with asthma compared to those without [30]. Mechanical, metabolic and
immunological changes associated with increasing body fat have been suggested as an
underlying mechanism explaining the common occurrence of asthma and obesity [8, 9, 13].
Future study is needed to ascertain the mechanisms relating obesity and asthma in
adolescents with asthma.

Similar to an earlier study of inner-city adolescents with asthma [15], we found that females
were slightly more likely to be either overweight or obese or have central obesity than males.
Unlike other studies suggesting higher overweight or obesity prevalence among younger
children [5], our data did not show age differences in the prevalence. On the other hand, we
noted that older teens had more central obesity than their younger counterparts, similar to
the trend found in the national data of U.S. adolescents [29].

Overall, this study did not provide support for our hypothesis that high BMI or WHtR would
be associated with poor asthma outcomes. First, we found no relationship between the
anthropometric measures and overall quality of life, corroborating earlier studies in which
obesity was not a risk factor for poor quality of life in children with asthma [10, 31], but
contradicting another study reporting significant reduction in quality of life associated with
obesity in pediatric patients [32]. In some studies, overweight or obese children with asthma
have been found to be at greater risk for diminished physical activity levels [33, 34], due to
reduced tolerance to exercise resulting from restrictions imposed by excessive fat on the
chest wall. Our failure to observe activity limitation among overweight or obese adolescents
may be due in part to the measure’s reliance on the perception (e.g., feeling “bothered”) of
activity limitation. Because of adolescents’ tendency to normalize or tolerate adverse
conditions associated with asthma or obesity [35], they may not perceive certain activity
limitations as bothersome. Therefore, to adequately gauge activity limitations in adolescents
with asthma, it may be necessary to use an objective measure of physical activity such as an
actigraphy device.

Consistent with many earlier reports based on children and adolescents [6, 31, 36-38], we
found no increased risk of poor asthma control among teens with high BMI or WHtR
compared to their lean counterparts. Furthermore, obesity did not seem to hinder urban
children and adolescents from achieving or maintaining asthma control when treated [37]. In
contrast, some studies of children or adolescents report high BMI or WHIR as a risk factor
for poorly controlled asthma [5, 7, 10, 11, 39, 40]. Unlike our study in which females
consistently reported poorer asthma control than males regardless of BMI or WHtR, the
literature suggests different gender effects on the relationships between anthropometric
measures and asthma control. Some studies demonstrated that the positive associations
between BMI/body fat and symptom morbidity were found only in girls, but not in boys [15,
39], while others [7] observed a greater likelihood of poorly controlled asthma among obese
boys and better controlled asthma in girls who were obese. A recent study conducted in
Israel reported that the positive associations between being overweight and moderate-to-
severe asthma were noted only in girls, while being underweight was associated with mild
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asthma only in boys [41]. Such gender differences led the authors to suspect different
etiology in males than females explaining the associations between body weight and asthma
morbidity. Further research is warranted to explore factors explaining the complex
relationships between body weight/adiposity and asthma control by gender.

We found positive associations between BMI and pulmonary function (FEV1 and FVC)
measured in either percent predicted or absolute values (L), while WHtR associated
positively only with FVVC. Such positive associations are in conflict with some reports in
which excessive weight associated with poorer pulmonary function among overweight and
obese adult patients with asthma [42]. However, available studies of pediatric patients paint
a somewhat different picture that is more in line with our findings. While many studies [6,
14, 31, 33, 37, 43] of children found no relationships between BMI/body fat and pulmonary
function, others [36, 38, 44] reported increased pulmonary function either percent predicted
or absolute values (L) of FEV1 and FVC in overweight or obese children or adolescents with
asthma, similar to our findings. A study [31] including both children and adults with asthma
demonstrated significantly lower FVC in association with obesity in adults, but not in
children, suggesting no apparent negative effects of obesity on lung function in young
patients, just yet. Indeed, a recent meta-analysis [45] confirmed inverse relationships
between BMI and pulmonary function in adults with asthma, while positive relationships in
pediatric patients similar to our findings. As an explanation for the increased pulmonary
function, specifically FVC, in relation to obesity in children with asthma, Forno [46]
suggested an increased risk of an asymmetrical growth of the lungs and airways (airway
dysanapsis) associated with overweight/obesity. Although further research is warranted to
explore underlying reasons for the differences between children and adults, it is worth noting
that no signs of compromised lung function is not an indication that obesity is harmless to
lung health in adolescents with asthma. Given the inverse relationships between BMI and
pulmonary function in adults [45], a cohort study is necessary to assess the long-term
trajectory of pulmonary function from adolescence to adulthood responding to increasing
body weight or adiposity.

Interestingly, when percent predicted spirometry parameters are considered, females had
better pulmonary function, whereas spirometry absolute values (L) were higher in males
regardless of weight status. Males’ higher absolute values (L) simply indicate the fact that
boys have greater lung function than girls in adolescence [44, 47]. On the other hand,
females’ higher percent predicted values may suggest that the extent to which asthma
compromises lung function in females is smaller compared to males, given the percent
predicted values being determined in comparison to a healthy reference population with
similar characteristics (e.g., age, race, height, weight and gender). The conflicting
relationships between gender and two different approaches to spirometry values underscores
gender as an important moderator in investigating the adverse impact of asthma on lung
function.

Study Limitations

This study has several limitations warranting caution in interpreting findings. First, the
cross-sectional nature of the study prevents us from making inference to causality beyond
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associations between BMI status and lung function parameters. Second, this study does not
include a body composition measure such as the analysis of dual-energy X-ray
absorptiometry or bioelectrical impedance analysis that could have more directly and
accurately assessed total body fat separate from other fat-free mass such as lean soft tissue
and bones. Third, use of a convenience sample limits the generalizability of the findings to
adolescents in other urban areas. Specifically, caution is required in generalizing our
findings based on predominantly African American adolescents to those with other racial
and ethnic background. In addition, the relatively small sample size in the study may have
also contributed to non-significant associations between anthropometric measures and
asthma outcomes. A lack of a control group without asthma also prevented us from
comparing our prevalence with that of adolescents without asthma and determining whether
the observed associations between BMI/WHtR and spirometry values would hold true for
cases without asthma. Fourth, as a community based study, it was not feasible to conduct
post-bronchodilator test to assess the degree of reversibility of airway limitation. Thus, we
were unable to determine the impact of obesity on airway hyper-reactivity. Finally, due to
the original study design, there was a time lag of 70 days on average between questionnaire
data collected at enroliment and anthropometric data measured on the day of a camp
intervention. Although the likelihood of any drastic changes in anthropometric measures
during the time lag would be low, we reassessed the associations between questionnaire data
and BMI/WHTtR after adjusting for the time lag along with other covariates, which led to no
changes in our findings (data are not shown).

Conclusions

Overall, this study demonstrates a high rate of co-occurrence between asthma and obesity in
urban adolescents, particularly among females. It is not apparent that adolescents with high
BMI or central obesity have more compromised quality of life, asthma control, or
medication adherence compared to their lean counterparts. Ironically, adolescents with
increased body weight appear to have better pulmonary function than their lean counterparts.
This raises a question regarding the clinical meaningfulness of spirometry to assess the
respiratory burden of obesity in adolescents with asthma. Taken all together, adolescents
with high BMI or central obesity do not seem particularly vulnerable to untoward asthma
outcomes. Perhaps, the physical and physiological resilience or plasticity characterizing
adolescence may have protected these young people from harmful influences of obesity.
Absence of statistical associations between high BMI or central obesity and adverse asthma
outcomes does not discount the potentially detrimental long term impact of obesity on
respiratory health in young people. Rather, the adolescent period ought to be considered a
safe and opportune time for prevention and management of obesity through targeted
interventions before it starts to take a toll on the health of young people with asthma.
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Table 1.

Sample characteristics (N=294)
Sex
Male, n (%) 153 (52)
Female, n (%) 141 (48)
Age, mean (std) 14.58 (1.92)
12-14, n (%) 141 (48)
15-20, n (%) 153 (52)
Race
White, n (%) 39 (13.3)
Nonwhite
Black or African American, n (%) 235 (79.9)
Other, n (%) 4(1.4)
Multi race, n (%) 16 (5.4)
Ethnicity
Hispanic/ Latino, n (%) 22 (7.5)
Annual household income
<$30,000, n (%) 166 (56.5)
>$30,000, n (%) 123 (41.8)
Missing n (%) 5(1.7)
Family history of asthma
No, n (%) 114 (38.8)
Yes, n (%) 180 (61.2)
Age at asthma diagnosis, mean (std) 4.18 (4.28)
< 6 years old, n (%) 198 (68.4)
2 6 years old, n (%) 96 (32.6)
Weight classification by BMI percentile
Underweight, n(%) 6 (2.0)
Normal Weight, n(%) 142 (48.3)
Overweight, n(%) 54 (18.4)
Obese, n(%) 92 (31.3)
Waist-Height Ratio (WHtR), mean (std), range | 0.5 (0.1), 0.35-0.86
2 0.5, n(%) 115 (41%)
<0.5, n(%) 163 (59%)
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Table 2.

Page 14

Comparisons between subgroups of adolescents in the proportions of underweight/normal weight (Under/

Normal) and overweight/obese (Over/Obese), and waist-height ratio (WHtR).

BMI Categories (n=294) WHItR (n=278)
Under/(gc;rmaln Over/ Obese n (%) X2 p | <05n(%) | 205n (%) | X2 p
(9)

Gender Male 86 (56.2) 67 (43.8) 3.92 | <05 96 (66.2) 49 (33.8) | 6.53 | .01
Female 62 (44.0) 79 (56.0) 67 (50.4) | 66 (49.6)

Age (years) 12-14 73 (51.8) 68 (48.2) 013 | .72 89 (66.9) 44(33.1) | 6.58 | .01
15-20 75 (46.4) 78 (53.6) 74(51.0) | 71(49.0)

Race White 21 (53.8) 18 (46.2) 0.09 | .77 25 (64.1) 14 (35.9) | 033 | 57
Non-white 127 (49.8) 128 (50.2) 138 (57.7) | 101 (42.3)

Household income <$30k 83 (50.0) 83 (50.0) 0.00 | 1.00 43 (57.3) 32(427) | 0.03 | .88
>$30k 62 (50.4) 61 (49.6) 118 (59.3) | 81 (40.7)

Family asthma Yes 90 (50.0) 90 (50.0) 0.00 | .98 | 101(60.5) 66 (39.5) | 041 | 52
No 58 (50.9) 56 (49.1) 62 (55.9) | 49 (44.1)

Age at diagnosis <6 104 (52.5) 94 (47.5) 091 | .34 | 112(59.9) 75(40.1) | 0.23 | 63
>6 44 (45.8) 52 (54.2) 51 (56.0) | 40 (44.0)

Under/Normal: underweight or normal weight; Over/Obese: overweight or obese
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Quality of life and asthma control predicted by gender, BMI category and waist to height ratio (WHtR) after

adjusting for covariates including age, history of family asthma, family income, and site.

BMI as predictor (n=289)

WHTtR as predictor (n=274)

Gender (male=1, female=2),
B (95%Cl)

BMI category (under/
normal=1, over/obesity=2) B
(95%Cl)

Gender (male=1, female=2)
B (95%Cl)

WHIR B (95%Cl)

Quality of Life- -16.84 (-23.96, -9.72) -5.62 (-12.59, 1.34) p=.11 -18.06 (-25.39, -10.73) -13.00 (-49.91, 23.92)
total p<.001 p<.001 p=.49
Activity -3.25 (-4.81, -1.68) p<.001 -1.29 (-2.82, 0.25) p=.10 -3.41(-5.01, -1.81) -5.63 (13.70, 2.44)
subscale p<.001 p=.17
Emotional -5.80 (-8.43, -3.17) p<.001 -2.22 (-4.79, 0.36) p=.09 -6.18 (-8.89, -3.47) -3.57 (17.20, 10.06)
function p<.001 p=.61
subscale

Symptom =7.79 (-11.12, - -2.12 (-5.37,1.13) p=.20 -8.47 (-11.90, -5.04) -3.80 (21.07, 13.47)
subscale 4.47) p<.001 p<.01 p=.67

Asthma control

0.14 (0.07, 0.22) p<.01

0.04 (-0.03, 0.11) p=.25

0.15 (0.08, 0.23) P<.01

0.26 (0.12, 0.63) p=18
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FEV1 and FVC predicted by gender and BMI category and waist to height ratio (WHtR) after adjusting for
covariates including age, history of family asthma, family income, and site.

BMI as a predictor (n=289)

WHTtR as a predictor (n=274)

Gender (male=1, female=2)
B (95%Cl)

BMI category (under/

normal=1, over/obesity=2) B

Gender (male=1,
female=2) B (95%Cl)

WHIR B (95%Cl)

(95%Cl)
FVC, %predicted 4.22(0.73,7.71) p=.02 6.44 (3.02, 9.85) p<.01 4.10 (0.43,7.77) p=.03 20.69 (2.20, 39.17)
p=.03
FEV1, 4.09 (-0.03, 8.20) p=.05 4.52 (0.49, 8.55) p=.03 4.29 (0.03, 8.54) p=.05 4.11 (-17.31, 25.53)
Y%predicted p=.71

FVC (L), absolute
value

-0.60 (-0.77, -0.43) p<.01

0.39 (0.23, 0.56) p<.01

-0.63 (~0.80, —0.45)
P<0.01

0.98 (0.08, 1.88) p=.03

FEV1 (L),
absolute value

-0.41 (-0.57, -0.25) p<.01

0.26 (0.11, 0.42) p<.01

-0.42 (-0.58, —0.25)
P<0.01

0.31 (-0.52, 1.41) p=.46
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