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Abstract

Background: Since respiratory tract infections (RTIs) precede most exacerbations, better
understanding of the risk factors of RTls and RTI-associated exacerbations in patients with asthma
is a pressing public health need. Obesity in patients with asthma is associated with worse asthma
control and higher asthma-associated healthcare utilization but its effect on RTI risk is unknown.

Objective: We aimed to study the association of BMI classification on the risk of self-reported
RTIs and related asthma morbidity among adults and children with asthma.

Methods: This post-hoc analysis of five large asthma trials involving 747 children and 1287
adults compared BMI classification, defined as lean, overweight and obese based on age-
appropriate body mass index (BMI) and BMI-percentile conventions. The primary outcome was
rate of visits with RTIs. Secondary asthma outcomes included upper respiratory infection (URI)
severity, systemic steroid use, and healthcare contact.
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Results: Children had 1.4 times the rate of RTI compared to adults (95% CI 1.27-1.56). In all
participants, BMI classification did not affect the rate of visits with RTI. In children, BMI
classification did not affect URI severity, all-cause asthma events or RTI-associated asthma events.
However, in adults, higher BMI classification was associated with an increase in moderate/severe
URI (p=0.02). Adults with higher BMI classification also had increased rates of all-cause and RTI-
associated asthma exacerbations requiring systemic steroids and healthcare contact.

Conclusions: BMI classification was not associated with increased risk of RTIs in children or
adults. In adults only, obesity was associated with increased URI severity and all-cause and RTI-
associated asthma morbidity.
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obesity; asthma; respiratory tract infections

Introduction

Asthma affects 25.9 million Americans and frequently is poorly controlled. About 50% of
children have a severe attack each year.! In patients with asthma, obesity is associated with
significantly greater symptoms, loss of asthma control, poor response to conventional ICS
therapy, and higher asthma-associated healthcare utilization.2# How obesity leads to poorly
controlled asthma is not fully understood, and proposed mechanisms include airway
mechanics, genetic factors or obesity-related comorbidities such as metabolic disease or
gastroesophageal reflux.> However, respiratory tract infections (RTIs) trigger most asthma
exacerbations® and there are few data on the effects of obesity on the risk and severity of
respiratory tract infections in patients with asthma. This knowledge gap is critical to asthma
care given demonstrated associations of obesity to increased risk for RTIs in the general
population. During the 2009 H1N1 influenza pandemic, obesity was identified as a major
independent risk factor for infection, hospitalization, and death.”: & In cross-sectional studies,
obesity was associated with more frequent RTIs in children and adults.®-11 Mechanisms may
include immunomodulatory effects of adipose tissue, exaggerated microvascular
inflammatory and thrombogenic responses, increased pathogen acquisition and carriage,
altered lung mechanics and augmented airway resistance.12

Thus, poor asthma control in obesity may be mediated by increased RTIs and related
exacerbations. If true, treatment of obese asthmatics could be improved by preventing
respiratory tract infections and ameliorating their effects on asthma morbidity. Using data
from five large clinical trials in the American Lung Association Airways Clinical Research
Centers (ALA-ACRC) network, we evaluated the effect of BMI classification on respiratory
tract infections and associated exacerbations. We hypothesized that higher BMI
classification would increase susceptibility to RTls and RTI-related asthma morbidity in
adults and children.
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Participant Selection
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The inclusion and exclusion criteria have been published for the five individual studies:
Long Acting Beta Agonist Step Down Study (LASST, NCT01437995); Leukotriene
Modifier or Corticosteroid or Corticosteroid Salmeterol Trial (LOCCS, NCT00156819);
Study of Acid Reflux in Children with Asthma (SARCA, NCT00604851); Study of Soy
Isoflavones in Asthma (SOYA, NCT01052116); Study of Asthma and Nasal Steroids
(STAN, NCT01118312).13-17 Two of the trials, LASST and LOCCS, recruited adults and
children with well controlled asthma to evaluate step-down therapies. The other three trials
focused on therapies for asthmatics with poor control: SARCA treated children ages 6-17
years old with lansoprazole; SOYA treated adults and children age 12 or older with soy
isoflavone and STAN treated adults and children with rhinosinusitis with intranasal
mometasone. All participants had asthma confirmed by physician diagnosis. All caregivers
or participants signed written informed consent. The present post hoc study was approved by
the Duke institutional review board (Pro00089972). We included data from 747 children
(age<18 years) and 1287 adults (age=18 years). Clinic visit data were collected over 12
years (LOCCS 2003-2005; SARCA 2006-2011; SOYA 2010-2012; STAN 2010-2014;
LASST 2012-2015). Observation periods of the studies ranged from 16 weeks (LOCCS) to
48 weeks (LASST). Specific details and characteristics are included in the appendix and
Table E1.

Clinical Data

We analyzed demographic, medical and environmental histories, pulmonary function testing,
asthma scores and asthma-related utilization. Height and weight were measured during
baseline visits to determine body mass index (BMI) and weight-to-height ratio (WHR). Age
and sex-adjusted BMI percentiles were calculated using Centers for Disease Control (CDC)
normative data and assigned a BMI classification category: lean (in children, BMI <85
percentile; in adults, BMI <25), overweight (in children, 85<BMI<95 percentile; in adults,
25<BMI<30); and obese (in children, BMI =95 percentile; in adults, BMI =30). Analyses
were also run using waist-to-height ratio (WHR) =0.5 and =0.55 as previously determined
pediatric measures of central obesity.18: 19 GERD and secondhand smoke (SHS) exposure
was determined by self or caregiver report in standardized interviews. PPI use was defined in
SARCA by treatment allocation to daily lansoprazole, otherwise by self-reported use of PPIs
daily or multiple times per week. The presence of atopy was defined by self-reported allergic
rhinitis, atopic dermatitis, or food allergy. RTIs were reported by caregivers and participants
during the observation period at clinic visit interviews which were asked about in a
standardized fashion in all studies. The rate of visits with RTIs was determined for each
participant. Respiratory tract infections were further described as upper respiratory tract
infections (URT]I; upper respiratory infection (URI), otitis media, sinusitis, or strep throat) or
lower respiratory tract infections (LRTI; bronchitis or pneumonia).Participants were asked
during standardized interviews to rate the severity of each URI as mild, moderate, or severe.
Asthma-related healthcare contact and exacerbations were collected from standardized
interviews at scheduled study visits. Exacerbations were defined as an increase in asthma
symptoms requiring systemic corticosteroids during the observation period. Additional
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analyses were performed for RTI-associated events by only analyzing data at interval visits
where a RTI was reported. The RTI-associated change in forced expiratory volume in one
second (FEV,) and forced vital capacity (FVC) was determined among participants with a
recent RTI by comparing baseline to visit spirometry measures. Further details regarding
data collection and differences in variables between trials can be found in the online
repository.

Statistical Analysis

Results

Baseline data were summarized by BMI classification and study. Chi-square and Kruskal-
Wallis tests were used for comparing categorical and continuous variables, respectively. The
primary analysis compared the rate of visits with RTls among BMI classification groups.
Trends among BMI classifications for the rate of visits with events were investigated using
negative binomial regression models. Since participants were stratified into children (age <
18 years old) and adults (age = 18 years old), the models were assessed for an interaction
between child status and BMI classification. Secondary analyses of FEV, and FVC change
and URI severity score were performed using simple linear regression and chi-square
testing. Missing data are summarized in Table E5. Multivariable generalized linear
regression under the negative binomial likelihood was used to compare main outcomes
between BMI classification and respiratory tract infections. Covariates included in the final
model were gender, ethnicity, race, GERD, PPI, SHS, and atopy. Analyses were conducted
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two-tailed at a
level of significance of 0.05.

Baseline Characteristics

Baseline characteristics for children (<18 years of age) and adults (=18 years of age) are
shown by BMI classification in Tables la and Ib, respectively.

In children, demographic characteristics were generally similar across BMI classification
groups. Higher BMI classification was associated with an increased FVC and decreased
FEV1/FVC before and after bronchodilator. Higher BMI classification was associated with
more frequent gastroesophageal reflux disease (GERD) and proton-pump inhibitor (PPI)
use. Overweight/obese participants more commonly reported respiratory infection as an
asthma trigger.

In adults, higher BMI classification was associated with older age, female sex, African
American race, later asthma onset and greater utilization of inhaled combination
corticosteroid-long acting beta agonist medication use. Overweight/obesity was associated
with decreased FVC, FEV4, FEV1/FVC, and FEV percent-predicted pre- and post-
bronchodilator. Lastly, higher BMI classification was associated with more frequent GERD,
PPI use, obstructive sleep apnea, diabetes, and secondhand smoke exposure.
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Risk and severity of RTI:

In all participants, BMI classification did not affect the rate of visits with RTI (see rate ratios
in Table 11, visit and participant numbers in Table E3, and event rates in Table E4). Children
reported RTIs at 20.5% of visits compared to adults at 14.8% (rate ratio 1.41, 95% ClI
1.27-1.56, p<0.001); therefore RTI analyses among adult and children were conducted
separately. In unadjusted analyses, risk factors for RTI included PPI use in children and SHS
and atopy in adults. In children, after adjusting for gender, ethnicity, and race, PPI use
remained an independent risk factor for RTI; BMI classification, GERD, SHS, and atopy
were not. In adults, after adjusting for gender, ethnicity, and race, atopy remained an
independent risk factor for RTI; BMI classification, GERD, PPl use, and SHS were not. In
all participants, BMI classification did not affect the rate of visits with URTI or LRTI
(Figure 1). Among children with URIs, BMI classification did not affect the self-reported
severity of infections (p=0.51). However, among adults with URIs, there is an association
between BMI classification and URI severity. The prevalence of moderate/severe URI was
increased in obese adults compared to lean and overweight adults (p-value=0.03, Figure 2).
Analyses using WHR to determine obesity yielded similar results. We found no effect of
WHR on rate of RTIs; however, a higher WHR associated with increased URI severity in
adults. The individual studies were also analyzed and demonstrated no effect of BMI
classification on rate of RTIs and a trend toward increased URI severity in participants with
higher BMI classification compared to lean participants.

Asthma-related events and lung function:

In children, BMI classification did not affect the rate of all-cause or RTI-associated asthma
events. However, in adults, higher BMI classification was associated with significantly
increasing rates of allcause and RTI-associated exacerbations requiring systemic steroids and
all-cause and RTl-associated healthcare contact for asthma (see Figure 1, rate ratios in Table
I11). There was a significant statistical interaction between being a child and BMI
classification on RTI-associated healthcare contact for asthma (p=0.01, effect sizes in Table
I11). Among participants with a recent RTI, BMI classification was not associated with a
subsequent significant decline in lung function (all p>0.05 for changes in FEV1 and FVC in
children and adults). Analysis with WHR showed similar trends with an increased rate of
asthma-related events in obese adults compared to lean adults and no effect of obesity on
asthma-related events in children. The individual studies were also analyzed and showed
similar trends in increased allcause and RTI-related morbidity in adults with higher BMI
classifications.

Discussion:

In this observational study of five large ALA-ACRC trials, BMI classification did not
identify increased rates of RTIs in adults or children with asthma. As expected, children had
higher rates of RTIs compared to adults. However, in adults, higher BMI classification was
associated with more severe URIs and higher rates of all-cause and RTI-associated asthma
exacerbations requiring systemic steroids and allcause and RTI-associated asthma-related
healthcare contact. In addition, PPI use was independently associated with higher rates of
RTIs in children whereas atopy was independently associated with higher rates of RTIs in

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tang et al.

Page 6

adults. We conclude that obesity was not associated with increased RTIs but with increased
RTl-associated asthma morbidity in adults only.

Previous cross-sectional studies have shown increased respiratory tract infections in obese
children and adults. In a field health survey of 1129 preadolescent children in Krakow,
children with a body mass index of 20 or higher had twice the risk of infection than children
with a body mass index less than 20 (OR 2.02, 95% CI 1.13-3.59).10 In a prospective cohort
study of 75,000 women enrolled in the Danish National Birth Cohort from 1996 to 2002,
obesity was associated with increased risk of acute respiratory tract infections (HR 3.64,
95% ClI 1.62-8.18).° In an analysis of participants in two large cohort studies, the Health
Professionals Follow-up Study and the Nurses’ Health Study Il, men who gained 40 pounds
or more were at increased risk for community acquired pneumonia.ll These studies did not
examine the relationship between respiratory tract infection and obesity in participants with
asthma.

There is increasing evidence that obesity increases susceptibility to severe respiratory
infections through an impaired immune response. In studies of influenza-vaccinated adults,
obesity did not affect influenza-specific antibody responses but doubled the risk of influenza
or influenza-like illness suggesting a deficiency in cellular immune response.20 Leptin, a
pro-inflammatory adipokine which is increased in obesity, and even more so in patients with
obesity and asthma, may be a mediator for the effects of obesity.2 Leptin metabolically
regulates proliferation and cytokine production of effector T cells and may impair anti-viral
interferon responses through inhibition of signaling through the JAK-STAT pathway.”: 22: 23
In a preclinical diet-induced obesity (DIO) mouse model, leptin inhibition in obese mice
prior to viral infection led to improved survival.24 In human epidemiological studies, plasma
leptin levels have been positively correlated with annual risk of respiratory infection and
mortality in patients with severe pneumonia.2® In patients with asthma and obesity, increased
leptin levels may lead to impaired cellular immunity resulting in more frequent and severe
respiratory infections, associated asthma exacerbations, and worse asthma control.

Obesity may modify susceptibility to RTIs differently in asthmatics compared to non-
asthmatics. The relationship between asthma and RTIs is complex as viruses and bacteria
have been implicated in both the development and exacerbation of asthma. Corne et al.
studied 76 cohabitating couples consisting of an individual with atopic asthma and a healthy
individual (without atopy or asthma) and found that risk of rhinovirus infection did not differ
between the asthma and the healthy group adjusting for sex and use of inhaled steroids.
However, the severity and duration of lower respiratory tract symptoms were significantly
greater in the asthma group than the healthy group.2® Thus, patients with asthma may not
have more viral infections than healthy individuals, but greater duration and severity
especially of lower respiratory symptoms.2” In our study, in adults, obesity had a similar
relationship with RTIs — more RTI-associated asthma morbidity without an increase in
susceptibility.

Notably, the effect of obesity on RTI-associated asthma morbidity was different between
children and adults. Obesity affected RTI-associated asthma morbidity in adults but not
children. Children had higher rates of reporting RTIs than adults after controlling for many
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covariates including BMI classification. In our studies, fewer children than adults were
obese (28% vs 43% respectively) and obesity in children may be associated with other
disease states such as early onset puberty. Thus, it was more challenging to show an effect of
obesity on RTI in children with asthma. Further investigations comparing asthmatic and
nonasthmatic children may help elucidate the true effect of obesity on RTls in children with
asthma. Moreover, obesity was associated with increased URI severity in adults but not in
children. Children are likely to have more URIs of all severity — the effect of being a child
was greater than the effect of obesity. However, obese adults were more likely to have
moderate or severe URIs, which likely placed them at increased risk for RTI-associated
asthma morbidity. Obese adults may also be more vulnerable to age effects on airway
function and immune response compared to their lean counterparts leading to poorer
respiratory outcomes.2”- 28 We were unable to analyze adolescents (age 12-18) given our
sample size.

In the multivariable model, we found that the use of PPIs increased risk for RTIs in children.
Increased rates of URI, sore throat, and bronchitis had been previously shown in SARCA, in
which children were placed on a PPI as the study intervention.1’ The proportion of
participants on a PPl was much lower in the other studies compared to SARCA, so further
studies are needed to externally validate the risk of PPIs on RTIs seen in SARCA. PPIs have
been associated with increased risk for community-acquired pneumonia.?%: 30 Research into
pathogenesis has found pH dysregulation increases bacterial survival and PPIs appear to
directly inhibit neutrophil and natural killer cell activity.3!: 32 GERD symptoms are common
in asthmatics and are associated with poor asthma control33: 34; however, treatment with PPI
do not consistently improve asthma control.17: 35-37 PP|s are metabolized by hepatic
enzymes coded by the highly polymorphic CYP2C19. The rate of PPI metabolism in the
population can vary widely.38 Post-hoc analysis has shown that children identified as
intermediate or poor metabolizers receiving conventional doses of lansoprazole have higher
serum PPI levels and, compared to normal or extensive metabolizers, are at greater risk for
RTIs and worse asthma control.38: 39 In our data, controlling for GERD or PPI status did not
significantly change the effect of obesity on RTIs, suggesting that greater GERD or GERD
treatment in adults would not explain the greater RTI-associated asthma morbidity in that
population.

This study’s strengths include large numbers of participants with well characterized asthma
followed prospectively in five controlled trials conducted by experienced asthma centers
participating in the ALA-ACRC research network. Participants were recruited from 20 sites
around the US and made up a diverse population of patients with asthma. The study also
included longitudinal data involving several structured clinic visits spanning over 3-6
months. These five trials had similar reporting of RTIs that allowed consolidation of data.
The current study has several limitations, including its post-hoc nature. This retrospective
analysis was limited by the fact that it assessed RTIs by report at visits rather than a true
count and without microbiological confirmation of RTI. The majority of RTIs in asthmatics
have been found to be caused by respiratory viruses like rhinovirus, influenza, respiratory
syncytial virus, parainfluenza, and adenovirus. However, patients with asthma are also at
increased risk for pneumococcal disease and atypical bacteria and polymicrobial infections
involving viral and bacterial pathogens increase the risk for severe exacerbations. Studies of
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respiratory tract infections in obesity have been focused on an increased susceptibility and
morbidity with viral infections. Therefore, further studies are needed to investigate the
relationships between asthma, pathogen type, and obesity. We also did not have available
data on socioeconomic status (such as income or health literacy) which could be
confounding factors for risk of respiratory tract infection, although we did adjust for
ethnicity, race, and SHS. In addition, our analysis was limited by the fact that we combined
data from five studies with different inclusion and exclusion criteria. However, as noted in
the results, analysis of the individual studies showed similar trends in increased URI severity
and RTI-related morbidity in obese adults.

In summary, higher BMI classification was not associated with an increased rate of RTIs in
children or adults but was associated with increased RTI-associated morbidity in adults. A
better understanding of he mechanisms of poor control help identify new treatment strategies
for this high risk population that does not respond to conventional therapies. Overweight and
obese adult asthmatics are likely to benefit from interventions aimed at reducing obesity.
Additionally, difficult to control overweight and obese asthmatics may benefit from
strategies to prevent RTIs. Further studies are needed to better understand the complex
relationship between obesity, RTls, and asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights box:
1. What is already known about this topic?
Obesity in patients with asthma is associated with severe and poorly controlled asthma.
2. What does this article add to our knowledge?

Higher BMI classification is not associated with increased risk of respiratory tract
infections in children or adults with asthma but is associated with increased illness
severity and infection-associated asthma morbidity in adults.

3. How does this study impact current management guidelines

Adults with obesity and asthma may improve their asthma control by using interventions
targeting weight reduction and prevention of respiratory tract infections.
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Figure 1: The risk of Respiratory Tract Infection (RTI) and RTI-associated asthma morbidity in

obese vs lean participants.

RTI — respiratory tract infection; URTI — upper respiratory tract infection; LRTI — lower
respiratory tract infection. Bold indicates statistical significance (p<0.05). Points are rate

ratios comparing obese and lean participants with bars indicating the 95% confidence

interval. Dashed gray line is the reference rate ratio of 1.0. P-values determined by negative

binomial regression.
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Figure 2: The effect of BMI classification on Upper Respiratory Infection (URI) severity in
Adults.

Bold indicates statistical significance (p<0.05). *P-value determined by chi-square test.
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BMI classification

Total (n=747) Lean <85% (n=405) Overweight 85-94% (n=130) Obese 295% (n=212) p-value
Age (yrs) 12.1 (3.0) 12.1(3.1) 12.0 (2.9) 12.0 (3.0) 0.90
Female, n (%) 297 (39.8%) 164 (40.5%) 52 (40.0%) 81 (38.2%) 0.86
Hispanic/Latino, n (%) 147 (19.7%) 78 (19.3%) 24 (18.5%) 45 (21.2%) 0.78
Race, n (%) 0.38
Caucasian 334 (44.7%) 189 (46.7%) 58 (44.6%) 87 (41.0%)
African-American 333 (44.6%) 166 (41.0%) 63 (48.5%) 104 (49.1%)
Asian 8 (1.1%) 5 (1.2%) 1 (0.8%) 2 (0.9%)
Other 72 (9.6%) 45 (11.1%) 8 (6.2%) 19 (9.0%)
Age of asthma onset (yrs) 3.3(3.1) 3.2(3.1) 3.6(3.4) 3.4(2.9) 0.47
Atopy, n (%) 598 (80.1%) 325 (80.2%) 104 (80.0%) 169 (79.7%) 0.99
URI Trigger, n (%) 312 (91.2%) 160 (89.9%) 64 (90.1%) 88 (94.6%) 0.01
Steroid courses in last yr 1.4(1.8) 1.3(1.7) 1.6 (2.0) 15(1.8) 0.24
Controller Therapy, n (%)
Inhaled corticosteroid 339 (45.4%) 189 (46.7%) 56 (43.1%) 94 (44.5%) 0.74
Inhaled combo 430 (57.6%) 225 (55.6%) 81 (62.3%) 124 (58.5%) 0.38
Oral anti-leukotriene 330 (44.2%) 169 (41.7%) 68 (52.3%) 93 (43.9%) 0.11
Pre-Bronchodilator
FVC (L) 3.052 (1.1) 2.940 (1.1) 3.144 (1.1) 3.208 (1.1) 0.01
FEV; (L) 2.407 (0.9) 2.368 (0.9) 2.444 (0.9) 2.458 (0.8) 0.20
FEV1/FVC (L) 0.794 (0.1) 0.809 (0.1) 0.781 (0.1) 0.774 (0.1) <0.001
FEV; % predicted 92.4(15.8) 925 (16.5) 92.9 (15.2) 91.9 (14.9) 0.75
% change in FEV1 9.1(10.1) 8.9 (10.3) 10.3 (10.8) 8.8(9.1) 0.52
Asthma Scales
ACT 19.6 (3.8) 19.8 (3.7) 19.2 (3.6) 19.4 (4.1) 0.51
cACT 18.6 (4.1) 18.6 (3.7) 18.4 (4.2) 18.7 (4.4) 0.77
ACQ 1.031 (0.736) 0.983 (0.698) 1.125 (0.743) 1.077 (0.799) 0.38
ASUI 0.842 (0.140) 0.852 (0.128) 0.837 (0.141) 0.828 (0.158) 0.32
GERD, n (%) 62 (8.3%) 29 (7.2%) 6 (4.6%) 27 (12.8%) 0.01
Regular PPI use, n (%) 159 (29.2%) 80 (28.7%) 21 (20.4%) 58 (35.6%) 0.03
OSA, n (%) 19 (4.6%) 8 (3.9%) 2 (2.9%) 9 (7.1%) 0.26
Diabetes Mellitus, n (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Immunodeficiency, n (%) 5 (0.8%) 3(0.9%) 1(0.8%) 1 (0.5%) 0.90
Smoking, n (%)
Current/Former 2 (0.5%) 1 (0.4%) 0 (0.0%) 1(0.9%) 0.66
Never 441 (99.5%) 248 (99.6%) 79 (100.0%) 114 (99.1%)
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BMI classification

Total (n=747) Lean <85% (n=405) Overweight 85-94% (n=130) Obese 295% (n=212) p-value
SHS, n (%) 238 (31.9%) 119 (29.4%) 43 (33.1%) 76 (35.8%) 0.25

URI — upper respiratory infection; FVC — forced vital capacity; FEV1 — forced expiratory volume in one second; ACT — Asthma Control Test;
CACT - Childhood Asthma Control Test; ACQ — Asthma Control Questionnaire; ASUI — Asthma Symptom Utility Index; GERD —
Gastroesophageal reflux disease; PPI — proton pump inhibitor; OSA — obstructive sleep apnea, SHS — secondhand smoke. Bold indicates statistical
significance (p<0.05). Results are expressed as number of participants (percentage) for categorical variables and mean (standard deviation) for
continuous variables. P-values determined by chi-square test for categorical variables and Kruskal-Wallis for continuous variables.
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Table Ib:

Baseline Characteristics in Adults by BMI classification

BMI classification

Total (n=1287) Lean <24 (n=364) Overweight 25-29 (n=363) Obese =30 (N=560)  p-value
Age (yrs) 39.8 (13.7) 34.5 (13.6) 41.7 (13.8) 42.0 (12.7) <0.001
Female, n (%) 873 (67.8%) 245 (67.3%) 197 (54.3%) 431 (77.0%) <0.001
Hispanic/Latino, n (%) 162 (12.6%) 31 (8.5%) 53 (14.6%) 78 (14.0%) 0.02
Race, n (%) <0.001
Caucasian 743 (57.8%) 254 (69.8%) 224 (61.7%) 265 (47.4%)
African-American 439 (34.1%) 76 (20.9%) 102 (28.1%) 261 (46.7%)
Asian 33 (2.6%) 17 (4.7%) 11 (3.0%) 5 (0.9%)
Other 71 (5.5%) 17 (4.7%) 26 (7.2%) 28 (5.0%)
Age of asthma onset (yrs) 15.9 (15.0) 13.1 (13.2) 16.1 (15.2) 17.6 (15.7) 0.001
Atopy, n (%) 897 (69.7%) 260 (71.4%) 254 (70.0%) 383 (68.4%) 0.61
URI trigger, n (%) 732 (82.6%) 173 (84.8%) 202 (81.8%) 357 (82.1%) 0.84
Steroid courses in last yr 0.6 (1.0) 0.4 (0.8) 0.5(1.0) 0.7 (1.2) <0.001
Controller therapy, n (%)
Inhaled corticosteroid 267 (20.8%) 73 (20.1%) 83 (22.9%) 111 (19.8%) 0.49
Inhaled combo 837 (65.1%) 202 (55.5%) 237 (65.5%) 398 (71.1%) <0.001
Oral anti-leukotriene 277 (21.5%) 74 (20.3%) 76 (21.0%) 127 (22.7%) 0.67
Pre-Bronchodilator
FVC (L) 3.780 (1.1) 4.096 (1.0) 3.982 (1.1) 3.443 (1.0) <0.001
FEV, (L) 2.787 (0.8) 3.067 (0.8) 2.879 (0.9) 2.546 (0.7) <0.001
FEV,/FVC (L) 0.770 (0.1) 0.792 (0.1) 0.754 (0.1) 0.765 (0.1) <0.001
FEV; % predicted 86.4 (14.4) 89.8 (13.3) 85.9 (14.8) 84.5 (14.4) <0.001
% change in FEV1 6.6 (8.2) 7.4(7.9) 7.0 (7.5) 5.9 (8.7) 0.02
Asthma Scales
ACT 18.7 (4.6) 19.3 (4.2) 18.7 (4.7) 18.4 (4.8) 0.16
ACQ 0.7 (0.373) 0.721 (0.391) 0.711 (0.358) 0.750 (0.365) 0.68
ASUI 0.847 (0.149) 0.862 (0.122) 0.849 (0.156) 0.835 (0.159) 0.14
GERD, n (%) 318 (24.7%) 46 (12.6%) 90 (24.9%) 182 (32.6%) <0.001
Regular PPI use, n (%) 77 (14.5%) 8 (6.7%) 14 (9.3%) 55 (21.2%) <0.001
OSA, n (%) 31 (8.7%) 2 (2.4%) 5 (5.2%) 24 (13.6%) 0.004
Diabetes Mellitus, n (%) 43 (4.9%) 0 (0.0%) 6 (2.4%) 37 (8.5%) <0.001
Immunodeficiency, n (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Smokins, n (%) 0.054
Current/Former 236 (18.3%) 61 (16.8%) 56 (15.4%) 119 (21.3%)
Never 1051 (81.7%) 303 (83.2%) 307 (84.6%) 441 (78.8%)
SHS, n (%) 437 (34.0%) 104 (28.6%) 115 (31.7%) 218 (38.9%) 0.003
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URI — upper respiratory infection; FVC — forced vital capacity; FEV1 — forced expiratory volume in one second; ACT — Asthma Control Test;
ACQ - Asthma Control Questionnaire; ASUI — Asthma Symptom Utility Index; GERD - Gastroesophageal reflux disease; PPI — proton pump
inhibitor; OSA — obstructive sleep apnea, SHS — secondhand smoke. Bold indicates statistical significance (p<0.05). Results are expressed as
number of participants (percentage) for categorical variables and mean (standard deviation) for continuous variables. P-values determined by chi-
square test for categorical variableps and Kruskal-Wallis for continuous variables.
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Table lla:

Univariable and multivariable negative binomial models of respiratory tract infections in Children

. . - . . .k
Univariable analysis Multivariable analysis

Rate ratio (95% Cl) p-value Rate ratio (95% CI) p-value

BMI classification OW 1.11 (0.91-1.37)  0.30 OW 1.11 (0.91-1.37)  0.30

OB 1.04 (0.87-1.25)  0.69 OB 1.04 (0.87-1.25)  0.67

GERD 1.02 (0.77-1.35) 0.91 0.89 (0.64 -1.26) 0.52
PPI 1.41 (1.20-1.66) <0.001  1.40 (1.19 -1.65) <0.001
SHS 1.07 (0.91-1.26) 0.40 1.15 (0.97-1.35) 0.11
Atopy 1.01 (0.83-1.22) 0.94 0.96 (0.79-1.17) 0.69

OW - overweight; OB — obese; GERD - gastroesophageal reflux disease; PPI — proton pump inhibitor; SHS — secondhand smoke. Bold indicates
statistical significance (p<0.05).

*
adjusting for gender, ethnicity, race, and the other covariance variables in the table. Analysis sample size: BMI classification — 747, GERD - 746,
PPI — 545, SHS - 747, atopy — 747, multivariable — 544. P-values determined by negative binomial regression.
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Table IIB:

Univariable and multivariable negative binomial models of respiratory tract infections in Adults

. . - . . .k
Univariable analysis Multivariable analysis

Rate ratio (95% Cl) p-value Rate ratio (95% CI) p-value

BMI classification OW 1.11 (0.91-1.37)  0.30 OW 1.28 (0.92-1.79)  0.15

OB 1.04 (0.87-1.25)  0.67 OB 1.33(0.96-1.83)  0.08

GERD 1.10 (0.94-1.29) 0.23 1.26 (0.94 -1.69) 0.13
PPI 1.13 (0.82-1.55) 0.45 0.80 (0.55 -1.16) 0.25
SHS 1.18 (1.02-1.37) 0.03 1.02 (0.79-1.30) 0.90
Atopy 1.51 (1.29-1.77) <0.001  1.64(1.22-2.19) 0.001

OW - overweight; OB — obese; GERD - gastroesophageal reflux disease; PPI — proton pump inhibitor; SHS — secondhand smoke. Bold indicates
statistical significance (p<0.05).

*
adjusting for gender, ethnicity, race, and the other covariance variables in the table. Analysis sample size: BMI classification — 1287, GERD —
1285, PPI - 530, SHS — 1287, atopy — 1287, multivariable — 527. P-values determined by negative binomial regression.
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Summary of BMI classification effects on selected outcomes
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CHILD ADULT
RTl-related Overweight Obese p-value Overweight Obese p-value
Risk of RTI  1.10 1.04 0.64 1.05 0.97 0.61
(0.90-1.36)  (0.87-1.25) (0.91-1.22)  (0.81-1.15)
Steroid use  0.93 1.07 0.77 1.68 2.63 0.001
(0.54-1.63)  (0.67-1.71) (0.84-3.36)  (1.41-4.89)
Healthcare 1.15 1.02 0.89 1.03 1.82 0.002
contact (0.83-1.56)  (0.76-1.36) (0.65-1.64)  (1.23-2.70)
All-cause
Steroiduse  0.86 112 0.58 1.37 2.00 0.005
(0.53-1.40) (0.76-1.65) (0.78-2.43) (1.22-3.30)
Healthcare 111 1.00 1.00 1.21 1.58 0.003
contact (0.83-1.49) (0.78-1.29) (0.86-1.70) (1.17-2.14)

Values are rate ratio (95% CI) compared to lean as a reference. RTI — respiratory tract infection; URI — upper respiratory infection; FVC — forced
vital capacity; FEV1 — forced expiratory volume in one second. Bold indicates statistical significance (p<0.05). P-values determined by negative

binomial regression test for trend.
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