Sex-related differences in pulmonary physiologic outcome
measures in a high-risk birth cohort
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Background: Sex influences the risk of wheezing illnesses and
the prevalence of asthma throughout childhood.

Objective: To better understand the mechanisms of these
effects, we analyzed longitudinal relationships between sex, lung
physiology, and asthma in the Childhood Origins of ASThma
birth cohort study.

Methods: Childhood Origins of ASThma birth cohort study
children were followed prospectively from birth and assessed
annually. Results of spirometry, fractional exhaled nitric oxide
(FENO), mannitol provocation testing, and >He gas magnetic
resonance imaging were assessed by sex using multivariate
models including age, asthma diagnosis, and wheezing histories.
Results: Girls had higher prebronchodilator forced expiratory
volume in 0.5 seconds/forced vital capacity values than did boys
(mean difference, 0.017; 95% CI, 0.000-0.034; P = .05) of
equivalent age. Postbronchodilator findings were more
pronounced, with boys demonstrating reduced forced
expiratory volume in 0.5 seconds/forced vital capacity values
than did girls of equivalent age (mean difference, 0.032; 95%
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CI, 0.014-0.049; P =.0005). Conversely, girls were noted to have
higher ventilation defects on *He magnetic resonance imaging
than did boys (P =.01). No differences were noted in the rate of
positive responses to mannitol provocation or FENO
measurements.

Conclusions: Lower airflow values are present by spirometry
for prepubertal boys than for age-matched girls; however,
greater *He ventilation defects were noted in girls. This could
represent a greater degree of subclinical air trapping in
prepubertal girls because residual volumes are not detected on
standard spirometric readings. No differences were noted
between the 2 sexes with airway hyperresponsiveness (mannitol
provocation testing) or inflammation (FENo). Prospective
peripubertal follow-up will determine whether these differences
persist or change with the de novo expression and remission of
asthma based on sex and age. (J Allergy Clin Immunol
2015;136:282-7.)

Key words: Sex, gender, asthma, pulmonary physiology, spirometry,
helium MRI, ventilation defects, mannitol, airway hyperreactivity,
fractional exhaled nitric oxide

Previous studies have demonstrated sex differences in asthma
over time, with males exhibiting a higher prevalence early in life."
This finding reverses sometime during the time of puberty, and
then females develop higher incidence and prevalence rates that
persist into the adult years. Mechanisms responsible for these
findings remain elusive, but could be related to changes in lung
physiology related to sex and age.

Childhood Origins of ASThma (COAST) is a prospective high-
risk birth cohort study designed to evaluate the interactions among
age, patterns of immune dysfunction, and viral infections with
respect to the subsequent development of asthma and allergic
diseases.” Previously, we identified sex differences in patterns of
immune development (as measured by cytokine responses of
PBMCs) that were associated with wheezing illnesses. In children
with recurrent wheezing during the first 3 years of life, boys were
found to have increased levels of IFN-v, IL-5, and IL-13 responses
at age 3 years compared with age-matched girls.” Boys also had
increased rates of allergic sensitization, total IgE levels, and pe-
ripheral eosinophil counts at age 3 years.” Genotyping of the
IFN-y single nucleotide polymorphisms by Loisel et al” identified
an interaction by sex in which male heterozygotes for specific sin-
gle nucleotide polymorphisms (rs2069727 and rs2430561) had the
highest risk for asthma development, with heterozygote girls
conversely showing the lowest risk. These findings suggest spe-
cific genotype-by-sex effects on asthma risk that are associated
with distinct cytokine response profiles.”

Other research groups have further evaluated prepubertal
physiologic sex differences in pulmonary function,” fractional
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Abbreviations used
COAST: Childhood Origins of ASThma
FeENno: Fractional exhaled nitric oxide
FEV,5: Forced expiratory volume in 0.5 seconds
FVC: Forced vital capacity
MRI: Magnetic resonance imaging

exhaled nitric oxide (FENO),” and methacholine airway respon-
siveness.’” These findings indicate that sex affects several aspects
of lung physiology. To prospectively identify relationships among
sex, lung physiology, and asthma, we longitudinally evaluated
spirometry and FEno within the COAST study, and, in addition,
conducted cross-sectional analysis of mannitol airway
responsiveness and structure function relationships using
hyperpolarized *He gas magnetic resonance imaging (MRI).

METHODS

After obtaining informed consent, 289 participants were enrolled at birth in
the COAST study beginning in November 1998 and ending in May 2000. At
least 1 parent was required to have respiratory allergies and/or physician-
diagnosed asthma. A total of 285 participants remained enrolled at 1 year, with
259 enrolled at year 6 and 217 enrolled at year 11 (Table I). Details of the study
design have been described previously.”® The University of Wisconsin Human
Subjects Committee approved the study.

Children were diagnosed with asthma if they fulfilled at least 1 of the
following criteria’: (1) physician-diagnosed asthma; (2) frequent albuterol use
for coughing or wheezing episodes as prescribed by a physician; (3) use of a
prescribed daily controller medication; (4) an implemented step-up plan,
including the use of albuterol or inhaled corticosteroids during illness as pre-
scribed by a physician; and (5) use of prednisone for an asthma exacerbation.

Spirometry testing procedures

Spirometry was performed using the Jaeger Masterscope System on study
participants aged 4 to 11 years (n = 240). Reproducibility and acceptability
standards developed by the American Thoracic Society and modified through
the Childhood Asthma Research and Education Network were followed.'*"!

Fractional exhaled nitric oxide

Feno testing was performed on study participants aged 5 to 11 years
(n = 226). Measurements (in parts per billion) were performed via the online
NIOX system according to American Thoracic Society standards adapted for
children.'? The expiratory flow rate was 0.05 L/s, with exhalation times of at
least 6 seconds. Acceptability was defined as 3 measurements within 10% or 2
measurements within 5%. Measurements were taken before the performance
of spirometry.

Mannitol bronchoprovocation

Mannitol bronchoprovocation was performed at age 11 years (171
participants attempted, 144 completed). Dry powder mannitol (Aridol;
Pharmaxis, Frenchs Forest, Australia) was administered in cumulative doses
(0,5, 10, 20, 40, 80, 160, 160, 160 mg). A positive challenge was defined as the
dose causing a 15% fall in FEV,."?

Magnetic resonance imaging

Pulmonary MRI with inhaled *He gas was performed on children aged 9 to
10 years (n = 44) as previously described.'* Briefly, 19 female and 25
male participants were recruited from the highest and lowest quartiles of
FEV; measured at age 8 years (FEV; > 109.9% of predicted value or
FEV,; < 91.4% of predicted value) and from those with or without a
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moderate-to-severe rhinovirus illness before age 1 year in approximately
equal numbers. Quartile cutoffs were selected to increase the chances of
observing differences in imaging among the mild asthma phenotypes of the
cohort. *He was polarized using spin-exchange optical pumping in a
commercial polarizer (HeliSpin; GE Healthcare, Durham, NC). The polarized
*He gas (~30% polarization) was diluted with nitrogen to produce a volume
adjusted for each subject (14% of the subjects’ total lung capacity). Imaging
studies were performed on a 1.5-T clinical magnetic resonance scanner
(SignaHDx; GE Healthcare, Waukesha, Wis) with broadband imaging
capability. Fast MRI acquisitions were used to limit breath-hold time to 15
seconds or less. The anoxic dose of *He and N, did not cause any adverse
effects. A ventilation defect was assigned a score on the basis of the extent
of lobar involvement (1, <25%; 2, 26% to 50%; 3, 51% to 75%; 4, at least
76% of a lobe). The total ventilation defect score used for analysis was the
summation of scores across the whole lung.

Statistical analysis

Spirometry measurements were compared by sex using longitudinal mixed
effect models, with fixed effects for year, sex, “asthma ever” (ages 6, 8, or 11
years) diagnosis, and their interactions and a random effect for participant to
account for repeated measures over the years. FENO measurements were
compared by sex using a longitudinal mixed effect model, with fixed effects
for sex, year, asthma ever, and their interactions and a random effect for
participant. Mannitol bronchoprovocation data were compared by sex and
current asthma using logistic regression. Ventilation defect scores were
square-root transformed for analysis and compared by sex using linear
models, with sex, current asthma, and total lung capacity as covariates. In
the absence of significant sex-by-asthma and sex-by-year interactions, the
P value for the main effect for sex is reported. A 2-sided P value of less
than .05 was regarded as statistically significant.

RESULTS
Spirometry

For spirometric values obtained between the ages 5 and 11
years, girls had higher prebronchodilator forced expiratory volume
in 0.5 seconds (FEV 5)/forced vital capacity (FVC) values than
did boys (mean difference, 0.017; 95% CI, 0.000-0.034; P =
.05) Postbronchodilator findings were more pronounced, with
boys demonstrating reduced FEV, s/FVC values than did girls of
equivalent age (mean difference, 0.032; 95% CI, 0.014-0.049;
P =.0005). Similar sex findings were noted for FEV/FVC (post-
bronchodilator mean difference, 0.015; 95% CI, 0.002-0.028; P =
.02). There was no evidence that the sex difference varied over
time (sex-by-year interaction P values >.2). There was no evidence
that the effect of asthma differed between girls and boys (asthma-
by-sex interaction P values >.2) (Fig 1).

Fractional exhaled nitric oxide

FENO measurements increased significantly from ages 6 to 11
years for both sexes (P < .0001); however, there were no
significant differences noted between boys and girls (P = .49)
(Fig 2). The effect of asthma on FEno did not differ significantly
between boys and girls (sex-by-asthma interaction P = .12), and
there was no evidence of a sex-by-year interaction (P = .68).
Before puberty, FENO measurements were higher in both sexes
for children with asthma who also had concurrent allergic
sensitization (P = .0009).

Mannitol bronchoprovocation
Of 171 children who attempted the mannitol challenge, 144
children completed the procedure, resulting in a procedure
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