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Abstract
Background—Obesity increases asthma risk, and may alter asthma severity. In adults, sex
appears to modify the effect of obesity on asthma. Among children, the effect of sex on the
relationship between obesity and asthma severity remains less clear, particularly when considering
race.

Objective—To determine how obesity affects disease characteristics in a diverse cohort of
children with poorly controlled asthma, and if obesity effects are altered by sex.
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Design—We analyzed 306 children between 6–17 years of age with poorly controlled asthma
enrolled in a 6-month trial assessing lansoprazole for asthma control. In this secondary analysis,
we determined associations between obesity and symptom severity, spirometry, exacerbation risk,
airway biomarkers, bronchial reactivity and airflow perception. We used both a multivariate linear
regression and longitudinal mixed-effect model to determine if obesity interacted with sex to
affect asthma severity.

Results—Regardless of sex, BMI>95th percentile did not affect asthma control, exacerbation risk
or airway biomarkers. Sex changed the effect of obesity on lung function (sex*obesity FEV1%,
interaction p-value <.01, sex*obesity FEV1/FVC, interaction p-value=.03). Obese males had
significantly worse airflow obstruction compared to non-obese males, while in females there was
no obesity effect on airflow obstruction. In females, obesity was associated with significantly
greater FEV1 and FVC, and a trend toward reduced airway reactivity.

Conclusions—Obesity did not affect asthma control, airway markers or disease stability;
however obesity did affect lung function in a sex-dependent manner. In males, obesity associated
with reduced FEV1/FVC, and in females, obesity associated with substantially improved lung
function.
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INTRODUCTION
Asthma is a complex disease that includes variant forms, or endotypes, driven by differing
etiologic mechanisms1. Obesity increases the risk for new asthma in children and adults2,
and may alter asthma characteristics2–4. Females who become obese during school-age are
significantly more likely to develop early menses, asthma symptoms, and bronchodilator
responsiveness5; while women who gain weight during adulthood disproportionately
develop late-onset, non-atopic asthma6. Studies mainly involving adults have suggested that
the deleterious effects of obesity on asthma severity are greatest in women7,8. Women on
average have greater fat stores as a percent of body mass compared to men. The risk of
asthma among the obese is most consistent among adult women. One of the largest genetic
studies of obesity and asthma found a link only among females9. Obesity may worsen
asthma symptoms more in adolescent10 and adult4 females versus males, however these
finding require further confirmation. Other factors such as age4 and race11 may be important
effect modifiers on the relationship between obesity and asthma. Whether obesity alters the
basic mechanisms of asthma in a sex-dependent manner among children remains poorly
defined 12–14. Therefore, we sought to determine if obesity has differing effects on asthma
based on sex among children utilizing a highly characterized longitudinal cohort. Because
this pediatric cohort is predominantly African-American, we also sought to evaluate the
impact of the interaction between obesity and race (obesity*race) on asthma phenotype. We
hypothesize that obesity worsens asthma symptoms, lung function and disease stability,
particularly in females. We compared several baseline and longitudinal outcomes from 306
children, age 6 to 17 years, with poorly controlled asthma enrolled in a randomized clinic
trial from 18 American Lung Association – Asthma Clinical Research Centers (ALA-
ACRC).

MATERIALS AND METHODS
Details of the main study design have been published15. All participants signed written
informed consents. The parent Study of Acid-Reflux in Childhood Asthma (SARCA) study
was approved by the Nemours Florida IRB (82404-29) and by all other ALA-ACRC IRBs,
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and registered at ClinicalTrials.gov (NCT00604851). We included data from over 1900
study visit encounters involving 306 participants age 6–17 years with inadequately
controlled persistent asthma. For inclusion, participants required physician diagnosis of
asthma, prescription of an asthma controller medication, and either ≥12% post-
bronchodilator FEV1 improvement or methacholine PC20 < 16mg/ml. Inadequate control
was defined by poor ACQ score, frequent bronchodilator use or exacerbations. Additional
inclusion details exist in the online supplementary materials. 2453 participants were
screened in order to randomize 306 participants into the 24-week multicenter clinical trial
assessing the efficacy of daily oral lansoprazole versus placebo for patients with
inadequately controlled asthma.

Data Collected
We collected demographics, daily peak flows, exhaled breath condensate, exhaled nitric
oxide, spirometry, methacholine PC20, and Juniper Asthma Control Questionnaires (ACQ)
at baseline and periodically during the 24-week follow-up period. Prior to analyzing the data
(a priori), we proposed determining if obesity was associated with asthma severity, and if
sex or sex*race mediated the obesity effect. We grouped participants as underweight,
normal weight, overweight or obese by CDC classification16 based on age and sex-adjusted
BMI-percentile. We also measured waist and neck circumferences. Since we were primarily
interested in the effect of obesity, we dropped the 6 underweight participants and grouped
participants as either obese or non-obese for the multivariate statistical analyses. We
reassessed weight and BMI at the completion of the trial to adjust for any significant
changes. Asthma symptoms were assessed using the ACQ17 and modified ACQ64. Detailed
descriptions exist in the online supplementary materials.

Spirometry, fractional exhaled nitric oxide (FENO) and methacholine challenge testing were
performed using ATS/ERS standard procedures. Exhaled breath condensate was collected.
We assessed exacerbation risk longitudinally using two methods: incidence of episodes of
poor asthma control (EPAC), and peak flow variability (PFvar). Detailed methodology on
these measures can be found in the online supplement. Briefly, EPACs were determined
from patient diary cards and from interval asthma history forms evaluating peak flow drops,
unscheduled health care visits and rescue medication use.

PFvar was calculated for each 14-day block immediately preceding the randomization visit
and visits 4–9 using patient home diary cards. We determined the relationship between a
participant’s 14-day PFvar and the ACQ6 score for the same period4, to measure subjective
symptom reporting normalized for an objective measure of lung function and temporal
airway stability.

Data Analysis
Baseline data were taken at randomization and summarized by BMI group. We used Chi-
square, Wilcoxon or Kruskal-Wallis tests as appropriate for comparing variables between
groups. In the main analyses, we compared asthma characteristics at the randomization visit
by BMI category. We used multivariate linear regression adjusting for sleep apnea, snoring,
allergic rhinitis, age group, race and pH-probe status to assess the effect of obesity status on
lung function and symptom scores. We looked for statistical interaction between BMI group
and sex on all asthma-related outcomes. To determine whether obesity influenced the course
of asthma, we evaluated longitudinal data using a linear mixed effect model with random
intercept and an unstructured within subject correlation structure for repeated measurements.
We assessed the effect of obesity and its joint effects with sex on asthma symptom reporting
after controlling for effects of race and treatment response on lung function and asthma
symptoms. Age of onset, sex, race, atopy, sleep apnea, treatment and low birthweight were
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accounted for in the models. We are presenting the data analyses from the baseline visit.
This is justified because the baseline data were consistent with the results from the
longitudinal models. The exception to this is the longitudinal EPAC incidence data.

Since past asthma studies in children have suggested that BMI-related impairment becomes
greatest > 95th percentile, we chose to compare obese (> 95th% BMI) versus normal/
overweight (5–94.9th% BMI) children. Central obesity in children is correlated with waist
circumference18 and is a risk factor for obesity-related sequelae. We performed a second
obesity analysis on asthma outcomes, but instead stratified obesity status using sex and age-
adjusted waist-circumference (above or below 90th percentile)18,19.

The statistical packages SAS 9.2 (SAS Institute Inc, Cary NC, USA) and STATA 11
(College Station, TX: StataCorp, 2005) were used. All tests were two-tailed at a level of
significance of 0.05.

RESULTS
Baseline Characteristics

The baseline characteristics of 306 children and adolescents are shown by four BMI-
percentile groups (table 1). Age, sex, race/ethnicity, age of asthma onset, previous controller
treatment and study intervention assignment were similar across BMI groups. Study
intervention (lansoprazole) did not affect any of the main outcomes in the current study15.
African-Americans made up the largest racial group in each BMI-percentile group except
among underweight participants. Before starting the study, more than half of the patients
were on some form of step-up therapy (inhaled steroids plus either long-acting beta-agonists
or leukotriene modifiers) to treat persistent asthma. Despite the intensive treatment, more
than 70% still required urgent care for asthma in the 12 months prior to study enrollment,
and required two or more rescue treatments per week on average for breakthrough
symptoms.

Lung function differed according to BMI group (table 2). Underweight participants had
significantly lower mean FVC and FEV1 before and after bronchodilator, compared to
normal weight asthmatics (p<.05). The obese group had the greatest pre- and post-
bronchodilator mean FVC percent predicted and smallest mean post-bronchodilator FEV1/
FVC compared to all other weight groups. BMI grouping affected the PC20 (p=.02), with
underweight participants displaying the greatest airway reactivity and obese participants
having the least. BMI did not appear to affect mean post-bronchodilator FEV1 change,
asthma symptoms, FENO and EBC measures (pH, nitrogen oxides). BMI group also was not
associated with prevalence of bronchodilator responsiveness (defined as having an FEV1
improvement > 12%) or the prevalence of atopy. Age of asthma onset, current age, atopy-
status and treatment assignment (data not shown) were not significant modifiers of the effect
of obesity on asthma outcomes. Pubertal status (analyzed by age < 12 years vs. age ≥ 12
years) did not affect the relationship between high BMI-percentile and any asthma outcome
(data not shown).

Obesity and Asthma Outcomes by Sex
For both sexes, BMI>95th percentile did not affect asthma control, exacerbation risk,
bronchodilator response or airway biomarkers. However, the effect of obesity on post-BD
FEV1% (sex interaction pvalue <0.01) and FEV1/FVC (sex interaction pvalue =.03) was
different among males and females (figure 1). Among males, obesity was associated with a
significantly reduced post-BD FEV1/FVC (78.6% vs. 84.5%, p<0.001) and there was a trend
among obese males to have lower post-BD FEV1 (95.9% vs. 100.0%, table 3a). Obese
females had significantly greater mean FEV1% (pre-BD 97.4% vs. 91.0% and post-BD
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104.9% vs. 98.7%) and mean FVC% (pre- 103.9% vs. 98.3% and post-BD 107.3% vs.
100.7%) compared with non-obese females, while there was no association of obesity with
FEV1/FVC (Table 3b).

Obese males had a significantly higher prevalence of sleep disordered breathing compared
to non-obese males (p<0.01), while obese females had a significantly lower prevalence of
allergic rhinitis (p=.05) compared with non-obese females (data not shown). We saw a trend
toward reduced airway reactivity in obese females (compared to non-obese females, 2.8 vs.
4.2 mg/ml p=.08), while obese and non-obese males had similar PC20 (2.7 vs. 3.1 mg/ml,
p=.35, supplementary figure).

There was weak evidence that the relationship between post-BD FEV1% predicted and
obesity in males was different in white and black children (p=0.02 for interaction between
obesity and race). White males who were obese had lower percent predicted FEV1
compared with non-obese white males (87% vs. 97%, p=0.02; figure 2). White males who
were obese also displayed greater evidence of airflow obstruction by FEV1/FVC (74% vs.
82%, p<0.01), worse ACQ scores (1.4 vs. 0.8, p<0.01), and greater PFvar (p=.02) compared
with non-obese white males. A significantly higher percentage of obese white males had
bronchodilator responsiveness (39% vs. 16%, p=.04) compared with similar non-obese
participants. In black males, obesity status was not associated with these decrements.

Effect of Obesity on Disease Stability and Risk of Exacerbation
We recorded 288 episodes of poor asthma control (EPAC) during the 24-week intervention
period and found that obesity did not affect the overall risk of poor asthma control (p=.68).
Sex did not modify the impact of obesity on exacerbation risk (p>0.1 for sex*obesity
interaction). Also, we saw no effect of obesity on PFvar at any point during the 24-week
trial.

Effect of Obesity on Airflow Perception
There was a significant relationship between PFvar and ACQ6 for both obese (beta=1.17,
p<.0001) and non-obese (beta=0.83, p<.0001) males, and for non-obese females (beta=1.17,
p<.0001). The weakest correlation between PFvar and symptom reporting was with obese
females (beta=0.67, p=.05). Among both sexes, obesity did not significantly affect airflow
perception (p=0.21, for the difference in slopes between obese vs. non-obese females;
p=0.22, for the difference in slopes between obese vs. non-obese males).

Waist-Circumference and Asthma Outcomes
When we defined obesity-status as an age- and sex-adjusted waist circumference > 90th

percentile, we found similar degrees of improved lung function in obese females that we saw
in the BMI-percentile-based analysis (Supplementary table B). However, among males, the
results changed using waist measures. We did not see significant obesity-related airflow
obstruction, however males with a waist-circumference >90th percentile had significantly
worse asthma control by ACQ (1.1 vs. 1.4, p=.03, Supplementary table A). In both
conventions for determining obesity, obesity was associated with improved lung function in
females and worse asthma measures in males.

DISCUSSION
Contrary to our hypothesis, our data showed that obesity, defined as BMI>95th percentile,
had little effect on symptom control, exacerbation risk or airway biomarkers among children
with inadequately controlled asthma. However, obesity’s effect on lung function depended
in part on sex and to a lesser degree on race. Obesity in males was associated with
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significantly greater airflow obstruction (reduced FEV1/FVC), while among females,
obesity was associated with improved lung function and a trend toward reduced airway
reactivity to methacholine. When using waist-circumference to define obesity, we still saw
improved lung function among obese females compared to lean females.

Several studies have evaluated the association of obesity with asthma severity in children.
Outcome measures in past studies have varied, and conclusions regarding the effect of
obesity on asthma severity have ranged widely 20,21. These discrepancies may be related to
specific inclusion criteria (e.g. asthma severity, ethnicity) or outcome measures analyzed
(subjective symptoms versus objective measures). Our cohort was unique being
predominantly African-American, with poorly controlled asthma and with a significant
portion being obese. Of 306 children, 49% and 31% were overweight/obese and obese,
respectively. Furthermore, we evaluated both subjective symptom reporting and objective
measures of airway biomarkers and lung function testing.

Underweight status was highly associated with reduced lung function and increased
symptom severity in our study. Though it is difficult to make conclusions from such a small
sample of underweights (n=6), these results validate our recent work in a larger sample22

that showed that underweight asthmatics have worse lung function and symptom severity.

Obesity status defined as BMI > 95th percentile did not affect airway pH, FENO, day-to-day
peak flow variability, or the risk of asthma exacerbation in males or females. BMI>95th

percentile did affect lung function and this effect depended on sex. BMI>95th percentile in
males was associated with significant worsening of airflow obstruction, a central component
of asthma. Greater airflow obstruction in obese asthmatic males (versus obese asthmatic
females) has been described previously23, though not consistently24,25. Males compared to
females are known to have reduced airway caliber relative to lung size early in life26, and
likely contributes to male infants having greater early wheezing and airway responsiveness.
A possible explanation for the findings of enhanced airflow obstruction in obese males
relative to obese females may be related to lung growth in early life. Since the timing and
acceleration of somatic growth differs by sex 27,28, obesity-related alterations of lung growth
may partially explain the sex-differences we are witnessing in the current study. Sex
differences in obese-asthma among children may not be driven primarily by altered asthma
mechanisms, but rather sex-specific differences in growth patterns and fat deposition that
may alter growth and development of the lung. It is possible that greater truncal and
intrathoracic adipose among males leads to greater impairment of lung function and sex-
specific dysanapsis. More data is needed regarding pediatric obesity-asthma sex
dimorphism. . Central obesity, which is generally more common in males, can restrict lung
function 29,30. Among non-asthmatic children, obesity’s impact on lung function from
previous research does not appear to be modified by gender, particularly when defining
obesity by total body fat31,32. Specifically, there is little consistent evidence that obesity
increases lung function in non-asthmatic girls. Therefore, improved lung function in obese
girls seen in our study may not be solely attributable to greater lung growth but may result
from changes in asthma.

Interestingly, when we used waist-circumference instead of BMI-percentile to define
obesity, we found that the sex disparity remained qualitatively the same. Males with a waist-
circumference >90th% reported worse asthma control compared to similar females; and
females with a waist-circumference >90th% still had significantly better lung function.

It is important to note that among this predominantly African-American cohort, the
association between obesity and airflow obstruction was driven primarily by participants
who were White. Due to the weak interaction effect (obesity*race, p=.02), this finding could

Lang et al. Page 6

Pediatr Pulmonol. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



be due in part to random sampling error. However, Clerisme-Beaty previously reported no
association between obesity and asthma severity among African-American adults 11. Our
data and those of Clerisme-Beaty and colleagues point to the possibility of a weaker obesity-
asthma association among African-Americans. Furthermore, our data further suggest that
obesity is unlikely to be a significant epidemiologic cause of the excess asthma morbidity
seen among African-Americans.

Previous reports have suggested that obesity leads to a greater risk for asthma exacerbation
requiring systemic steroids or hospitalization 21,33. Carroll reported that obese children with
asthma-related symptoms were more likely to be hospitalized33. However, in the same study
there was no obesity effect on objective markers of asthma severity. Similar acute-care
studies failed to find an obesity-related increase in objective asthma severity34. In the
current study, BMI>95th percentile did not affect either the risk of incident episodes of poor
asthma control or day-to-day PFvar. We included several possible criteria for meeting an
‘episode of poor asthma control’ (EPAC), including worsening symptoms or home peak
flow values, greater bronchodilator use, new systemic steroids or controller therapy or an
unscheduled healthcare visit for asthma. The EPAC is likely to be a very sensitive detector
of exacerbation risk. In addition, PFvar has been shown to correlate with exacerbation risk
and PFvar was also not affected by BMI>95th percentile status. In total, we conclude that
obesity defined by BMI>95th percentile does not to contribute to increased disease
instability or exacerbation risk in children with generally high symptom burden.

Next, by assessing the relationship between individual level PFvar and symptom reporting,
we assessed whether obesity factors not specific to asthma (such as exercise intolerance or
exertional dyspnea) might obscure the obese asthma phenotype. Obese asthmatics have
reported greater asthma symptoms compared to lean counterparts, but it remains unclear if
these findings are asthma-specific. Among adults, it does not appear that greater symptoms
in obese patients are explained solely by enhanced perception. We previously showed that
obesity was associated with less, not greater, airflow perception4, suggesting that obesity
itself was unlikely to be causing over-reporting of symptoms. In children from the same
study, obesity was associated with greater airflow perception, and in mild asthmatics airflow
perception may partially explain why some obese asthmatics report greater symptoms.
Enhanced perception seen in milder asthma was not seen in the current study which would
not support the hypothesis that obesity heightens symptom perception in children with more
symptomatic asthma.

Our study has several limitations. It is possible that we are underpowered to appreciate
important effects of obesity on asthma outcomes, particularly if they are modified by other
co-variates such as race, sex and age. We may have been able to appreciate the effects of sex
and BMI>95th percentile on lung function because these participants had more severe
asthma, or because obesity in early life may affect boys differently than girls in terms of
lung growth. Another limitation is the fact that these are secondary data analyses. However,
it is important to note that our hypothesis and statistical approach was declared a priori
(prior to data analysis). Because of the modest sample size and possible alpha error, our
finding of improved lung function among obese females needs further replication and
mechanistic analysis. Lastly, we chose the most common convention for pediatric obesity
(BMI>95th percentile). However, high BMI percentile is not specific to adiposity and can
become elevated, particularly in shorter or muscular children. Better markers of adiposity
may be needed to decipher the true associations between obesity and asthma characteristics.
Since this analysis did not follow BMI-percentile over several years and did not involve a
non-asthmatic comparison group, we are only able to assess phenotype (lung function,
asthma symptoms) associations with obesity among asthmatics. This study cannot delineate
whether the obesity-related findings stem from alterations in lung growth or asthma itself.
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Future studies will be helpful that follow young children for several years and measure both
adiposity and respiratory mechanics (including residual and expiratory reserve volumes)
among children with and without asthma.

Overall, obesity was very prevalent in this cohort of children with poorly controlled asthma,
while underweight status was relatively rare. Underweight status associated with profoundly
impaired lung growth and lung function, and requires further evaluation. The relationship
between obesity and pediatric asthma is complex and appears to depend on sex, race and
method of defining obesity. BMI>95th percentile in asthmatic children does not affect
asthma control, airway biomarkers or exacerbation risk. However, BMI>95th percentile
appears to affect lung function among children with difficult-to-control asthma in a manner
that is sex-dependent. Obesity was associated with improved lung function and reduced
airway reactivity in females, and heightened airflow obstruction in males.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Differential Obesity-Effect by Sex. FEV1 percent predicted point difference and FEV1/FVC
percentage difference when comparing obese to non-obese children by sex. Boys (n=175),
Girls (n=115). Row below graph shows the interaction p-value for the effect of sex on the
relationship between obesity status and asthma outcomes. FEV1 – forced expiratory volume
in 1 second, FVC – forced vital capacity.
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Figure 2.
Obesity and Asthma Severity in White Male Children. Pre-bronchodilator [non-obese
(n=52) and obese (n=19)] and post-bronchodilator [non-obese (n=50) and obese (n=19)]
spirometry (left panel). Disease severity based on Asthma Control Questionnaire and Peak
Flow Variability prior to randomization [non-obese (n=52), obese (n=19) (right panel);
FEV1-forced expiratory volume in 1 second (percent predicted), FVC – forced vital
capacity, PFvar – peak flow variability, ACQ – asthma control questionnaire, * - p ≤ .05, **
- p < .01.
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Table 3

a. Effect of Obesity Status on Asthma Characteristics in Males

Variables Non-obese Obese n P

N ( %) 130(71%) 54(29%) 184

BMI, raw 19.3(2.8) 29.5(5.0) 184 <.0001

Neck circumference > 90th%, n (%) 26 (21) 39 (75) 177 <.0001

Waist circumference > 90th%, n (%) 2 (2) 21 (40) 177 <.0001

Race, n (%)

  Caucasian
  African-American
  Other

52(40%)
64(49%)
14(11%)

19(35%)
26(48%)
9(17%)

71
90
23

0.52

Allergic rhinitis, n (%) 73(56%) 30(56%) 184 0.94

Any Atopy, n (%) 97(75%) 41(76%) 184 0.85

Pulmonary Function, mean (SD)

FEV1 % predicted-post 100.0(14.7)  95.9(15.4) 175 0.10

FEV1 % predicted-pre  91.4(15.5)  90.3(17.0) 184 0.52

FVC % predicted-post 102.0(14.9) 105.0(13.6) 175 0.15

FVC % predicted-pre  99.9(14.3) 103.7(14.5) 184 0.12

FEV1/FVC-post  84.5(7.2)  78.6(9.9) 175 <0.001

FEV1/FVC-pre  78.7(9.1)  74.6(9.5) 184 <0.01

FEV1 % change  10.5(11.9)   8.4(9.8) 175 0.25

PF variability  0.3(0.2)  0.3(0.2) 184 0.69

PC20 (mg/ml) 2.7(4.1)  3.1(4.2) 129 0.35

Asthma symptom scores, mean (SD)

ACQ  1.1(0.6)  1.2(0.8) 183 0.43

ASUI  0.84(0.12)  0.85(0.13) 184 0.60

Other

airflow perception score 4.6(4.5)  4.8(4.2) 183 0.65

b. Effect of Obesity Status on Asthma Characteristics in Females

Variables Non-obese Obese n P-value

N (%) 75(65%) 41(35%) 116

BMI, raw 19.8(3.2) 30.0(5.5) 116 <.0001

Neck circumference > 90th%, n (%) 22 (30) 38 (93) 115 <.0001

Waist circumference > 90th%, n (%) 0 (0) 25 (63) 114 <.0001

Race, n (%)

    Caucasian
    African-American
    Other

32(43%)
37(49%)
6(8%)

12(29%)
25(61%)
4(10%)

44
25
10

0.36F

Allergic Rhinitis, n (%) 52(69%) 21(51%) 116 0.05

Any Atopy 61(81%) 28(68%) 116 0.11

Pulmonary Function, mean (SD)

    FEV1 % predicted-post 98.7(16.3) 104.9(12.4) 115 0.03

    FEV1 % predicted-pre 91.0(17.1) 97.4(15.1) 116 0.03
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b. Effect of Obesity Status on Asthma Characteristics in Females

Variables Non-obese Obese n P-value

    FVC % predicted-post 100.7(15.9) 107.3(10.3) 115 0.02

    FVC % predicted-pre 98.3(15.8) 103.9(11.8) 116 0.03

    FEV1/FVC-post 87.2(8.8) 85.9(6.4) 115 0.06

    FEV1/FVC-pre 82.2(10.2) 82.1(7.9) 116 0.45

    FEV1 % change 9.5(10.8) 8.9(11.6) 115 0.62

    PF variability 0.3(0.3) 0.3(0.2) 116 0.48

    PC20 2.8(3.1) 4.2(4.3) 81 0.08

Asthma Symptom Scores, mean (SD)

    ACQ 1.3(0.8) 1.2(0.8) 116 0.26

    ASUI 0.80(0.16) 0.79(0.18) 116 0.87

Other

    airflow perception score 6.5(7.2) 4.6(3.9) 116 0.33

F – value from Fisher’s exact test, BMI – body mass index, FEV1% – forced expiratory volume in 1 second (percent predicted), FVC% - forced
vital capacity (percent predicted), pre – before bronchodilator, post – following bronchodilator, FEV1% BD – percent change in FEV1 following
bronchodilator, PF – peak flow, BDR – bronchodilator reversibility, PC20 – provocation concentration required to cause 20% FEV1 drop, ACQ –
asthma control questionnaire, ASUI – asthma symptom utility index.
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