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Abstract

Background: Asthma is the most common chronic disease affecting pregnancy and poor asthma
control has been associated with adverse pregnancy outcomes. However, the trajectory of asthma
control during pregnancy is not well understood or characterized.

Objective: We aimed to identify and characterize trajectories of gestational asthma control in a
US-based prospective pregnancy cohort.

Methods: A k-means algorithm for joint longitudinal data was used to cluster pregnant women
with and without asthma into gestational asthma control trajectories based on daily activity
limitation, nighttime symptoms, inhaler use, and respiratory symptoms.

Results: Among 308 women with asthma, two trajectories of gestational asthma control were
identified and labeled “same” (n=184; 59.5%) or “worse” (n=124; 40.5%). Contrary to prior
studies, we did not observe women with better asthma control in pregnancy. Women belonging
to the “worse” trajectory experienced frequent and stable activity limitation and inhaler use, as
well as frequent and increasing nighttime symptoms (~3 days/gestational week) and respiratory
symptoms (~5 times/week). Women belonging to the “same” trajectory experienced infrequent
and stable activity limitation, inhaler use, and respiratory symptoms, as well as infrequent and
slightly increasing (~1 day/gestational week) nighttime symptoms. Results from pregnant women
without asthma (n=107) suggest pregnancy alone was not responsible for changes in symptoms
over time.
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Conclusion: In this US-based obstetric cohort receiving care according to standard clinical
practice, gestational asthma control worsened for about 40% of women.
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INTRODUCTION

Affecting approximately 10% of women, asthma is the most common chronic disease
among pregnant women(1). Compared to women without asthma, women with asthma

are more likely to experience adverse pregnancy outcomes including preterm delivery,
gestational diabetes, preeclampsia, and neonatal death(2—-6). Prior studies suggest that better
asthma control during pregnancy may help to ameliorate some of these outcomes(2, 7).

Convention holds that a third of women with asthma will experience increased control

(i.e., get better), a third will experience no change in control (i.e., stay the same), and a

third will experience decreased control (i.e., get worse) during pregnancy(8-10). However,
few studies have been adequately designed to examine longitudinal changes in asthma
control during pregnancy, and more recent studies have begun challenging this convention(2,
8-14). Notably, most prior studies rely on assessments of asthma control based on a self-
reported predetermined “better, same, or worse” framework(2, 11-14). No prior studies
have employed agnostic, data-driven approaches to examine changes in asthma control
during pregnancy. Such a method may be particularly relevant, as there are multiple

factors that contribute to this determination; it is possible that some aspects of asthma
control may be modified differentially across pregnancy. Further, there is substantial overlap
between symptoms of asthma and those of pregnancy (e.g., shortness of breath), and prior
studies have not adequately accounted for this potential overlapping symptomatology(15,
16). Understanding changes in specific asthma symptoms — including whether pregnant
women without asthma experience similar symptoms during this timeframe — is key to
understanding the course of asthma control during pregnancy.

Thus, the primary aim of the current study was to identify and describe trajectories of
gestational asthma control among a prospective cohort of women with and without asthma
followed from early pregnancy. Our secondary aim was to determine sociodemographic and
clinical characteristics related to gestational asthma control.

METHODS

Study design

Analyses were conducted using data from the Breathe - Wellbeing, Environment, Lifestyle,
and Lung function (B-WELL-Mom) Cohort, a prospective pregnancy cohort of women
with active asthma (n=311) or no history of asthma (n=107). Women were recruited from
obstetric facilities at Northwestern University and University of Alabama-Birmingham.
Potentially eligible participants were identified from medical record review and then
screened for eligibility and consent. Women were categorized as having asthma if they
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reported an asthma diagnosis and either used prescription medication for asthma or had
asthma symptoms in the year prior to the pregnancy. Women were categorized as having no
asthma if they had no history of asthma and no current asthma or asthma medication use.
Table E1 presents participant characteristics by asthma status.

Women were followed during pregnancy with three in-person study visits that included
assessments and questionnaires at <15 weeks (baseline visit 1), 20-22 weeks (visit 2), and
at 30-32 weeks (visit 3). Medical record abstraction provided additional information on
maternal and perinatal health including delivery information. Women were also asked to
complete daily diaries. Data collection was for research purposes only and study data were
not provided to clinical care providers or used to direct clinical management of asthma.
Human subjects’ approval was obtained from all participating sites and all subjects provided
informed consent. Eligibility criteria is summarized in Table E2, and data collection
materials are available on the study website (https://b-well-mom.org).

Sociodemographic and clinical characteristics

At baseline, study visit questionnaires collected data on participant sociodemographics
including age, self-identified race/ethnicity, parity, household income, education, pre-
pregnancy cigarette smoke exposure, and pre-pregnancy health conditions. We additionally
collected data on body mass index (kg/m?; BMI) measured by study staff, season of
conception, and study site.

Study visit questionnaires also collected data on clinical characteristics, including baseline
asthma control from the Asthma Control Test(17), asthma course in prior pregnancy, age

at asthma onset, exercise-induced asthma, atopy, medication use, and asthma exacerbations.
Pre-pregnancy medication use was determined based on asthma medications participants
reported taking in the 6 months prior to the baseline study visit. Baseline medication use was
determined based on asthma medications participants reported taking on a regular basis on
the baseline questionnaire. We then calculated pre-pregnancy and baseline asthma severity
from medication use based on the American College of Obstetricians and Gynecologists
guidelines for asthma management during pregnancy (Table E3)(18). Changes in asthma
medication from pre-pregnancy course to baseline (step up, step down, no change) were
determined by comparing asthma severity pre-pregnancy to baseline. A step up or step
down refers to any change in medications that would cause someone to be classified at

a higher or lower asthma severity level, respectively. No change refers to maintaining

the same asthma severity level between pre-pregnancy and baseline. Pre/early pregnancy
asthma exacerbations included oral corticosteroid use in the past 6 months, and any asthma
attacks or asthma-related medical encounters (i.e., unscheduled doctor’s visits, emergency
room/urgent care visits, or hospitalizations) occurring in the 12 months prior to baseline.
Asthma exacerbations during pregnancy included oral corticosteroid use, asthma attacks, or
asthma-related medical encounters reported during pregnancy.

During study visit assessments, trained study staff collected data on pulmonary function and
inflammation. Pulmonary function tests (forced expiratory volume in 6 seconds (FEV6) and
1 second (FEV1), forced vital capacity (FVC), FEV1/FVC, and peak flow) were collected
in triplicate and — excepting FEV1/FVC — were converted to a percent predicted measure.
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The maximum value recorded at each visit was used in analyses. Pulmonary inflammation,
assessed by FeNO (parts per billion (ppb)), was collected using a NIOX® device (Circassia
Limited, Morrisville, NC).

Asthma control measures

Daily diaries collected information on nighttime symptoms (“Did you wake due to difficulty
breathing or coughing in the middle of the night?”), activity limitation (“Did you miss
school, work, or normal daily activities because of your illness or symptoms?”), inhaler

use (“What prescription medication(s) did you use?”), and respiratory symptoms (wheezing,
coughing, chest tightness, chest pain, shortness of breath). Respiratory symptoms were
aggregated (i.e., to a total of 5 possible symptoms per day) in analyses. Daily measures of
gestational asthma control were aggregated to obtain the total number of days or times that
women reported each of the asthma control variables for each week of gestation they were
in the study (i.e., between baseline and delivery or loss to follow-up). If a woman reported
having a cold, the flu, or a sore throat on a given day, we did not consider their respiratory
symptoms for that day in analyses.

Statistical Analysis

Analyses proceeded in two stages: in the first, we identified and described gestational
asthma control trajectories and, in the second, we associated sociodemographic and clinical
characteristics with gestational asthma control trajectories. Prior to running analyses, a
two-step multiple imputation procedure was used to address missing data in daily diaries
(see E1). Trajectories of gestational asthma control were then identified using the k-means
algorithm, an unsupervised machine learning approach. This was run using the kml3d
package in R with default settings (2—6 clusters run 20 times)(19). Women were partitioned
into asthma control groups based on weekly activity limitation (days/gestational week),
nighttime symptoms (days/gestational week), inhaler use (days/gestational week), and
respiratory symptoms (number of times/gestational week) based on the Euclidean distance
(pairwise distance between data points). The optimal number of groups was selected based
on the Calinski-Harabatz criteria (the ratio of the sum of between-group dispersion and of
inter-group dispersion for all groups), with restriction to a group size of at least 10% of our
population. There was high agreement in gestational asthma control trajectory assignment
across imputations (Table E4). Thus, results from across imputations were combined to
assign women to one gestational asthma control trajectory. Women were assigned to a
trajectory based on the group to which they were more likely to belong; one woman with

a 50% chance of being placed in either group was assigned to the “worse” asthma control
trajectory.

Chi-squared, Fisher’s exact, and t-tests were used to examine associations between
sociodemographic and clinical characteristics and gestational asthma control trajectory.
Generalized linear mixed models were used to examine differences in mean pulmonary
function and inflammation across pregnancy by gestational asthma control trajectory.

Robustness of results from our primary analysis was assessed through several sensitivity
analyses. First, to determine whether overlapping symptomology between pregnancy and
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asthma may explain our findings, we performed the following analyses: 1) re-ran the
primary analysis among the full cohort (i.e., including women with and without asthma),

2) re-ran the primary analysis among the full cohort but excluded inhaler use from the
algorithm, and 3) re-ran the primary analysis only among women without asthma. Second,
to determine whether changes in medication use influenced our findings, we re-ran the
primary analysis by changes in medication use (no change, step up, step down) from
pre-pregnancy to baseline. Third, we re-ran the primary analysis for a complete case,
last-observation-carried-forward, and a “worst” and “best” case scenario. The “worst” case
scenario assumed women who missed a daily diary entry experienced their personal worst
asthma control. The “best” case scenario assumed women who missed a daily diary entry
experienced no asthma symptoms. Next, we re-ran the primary analysis including individual
respiratory symptoms (i.e., wheezing, coughing, chest tightness, chest pain, and shortness of
breath) alone as well as in conjunction with asthma control variables used in the primary
analysis. Finally, group-based multi-trajectory models in the full sample and asthma-only
subgroup were fit with 2—6 groups as per Nagin ef a{20) to assess whether a model-based
algorithm would corroborate our findings.

Analyses were conducted using SAS version 9.4 (Cary, NC) and R version 3.6.1. A p-value
of 0.05 was used to determine statistical significance.

Of the 418 women with and without asthma enrolled, three failed to complete any study
procedures and were therefore excluded from analyses (Figure 1). Of the remaining 415
women, 83% had at least one daily diary entry completed per gestational week between
baseline and delivery or loss to follow-up.

Among the 309 women with asthma, two gestational asthma control trajectories were
identified: “same” (n=184; 59.5%) or “worse” (n=124; 40.5%) (Figure 2). One woman
was not assigned to a trajectory due to insufficient time in the study (i.e., only one week of
data). Women belonging to the “worse” trajectory experienced frequent and stable activity
limitation and inhaler use, as well as frequent and increasing nighttime symptoms and
respiratory symptoms. Women belonging to the “same” trajectory experienced infrequent
and stable activity limitation, inhaler use, and respiratory symptoms, as well as infrequent
and increasing (~1 day/gestational week) nighttime symptoms.

Table 1 presents sociodemographics by these gestational asthma control trajectories.
Compared to women belonging to the “same” gestational asthma control trajectory, women
with a “worse” gestational asthma control trajectory were more likely to be younger, non-
Hispanic Black, multiparous, to have lower income and educational attainment, higher
BMI at baseline, pre-pregnancy hypertension, and to be recruited from the University of
Alabama-Birmingham. Table 2 and Table E5 present clinical characteristics and medication
use by gestational asthma control trajectories during pregnancy, respectively. Compared

to women belonging to the “same” gestational asthma control trajectory, women with a
“worse” gestational asthma control trajectory were more likely to have poorly-controlled
asthma at baseline, experience poor asthma control in a prior pregnancy, to have exercise-
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induced asthma and increased pre-pregnancy asthma severity, and were more likely to
have had asthma exacerbations (medical encounters and attacks) both pre/early -pregnancy
and during pregnancy. There was no statistically significant difference in the trajectory

of pulmonary function by gestational asthma control during pregnancy for any of the
spirometry measures, but women with worse gestational asthma control had poorer
pulmonary function at baseline and across all study visits for FEV1, peak flow, and FEVV1/
FVC, and across visits 2 and 3 for FVC (Figure 3, Table E6).

Figure E1 presents results from sensitivity analyses in the full cohort (i.e., including women
with and without asthma; n=415). Similar to the primary analyses, two gestational “asthma
control” trajectories were identified: “same” (n=272; 66.2%) and “worse” (n=139; 33.8%).
Four women were not assigned to a trajectory due to insufficient time in the study (i.e., only
one week of data). Almost all women without asthma belonged to the “same” trajectory
(n=102; 99% of women without asthma); one woman without asthma was assigned to

the “worse” trajectory due to frequent and stable respiratory symptom burden. These

results were the same even after excluding inhaler use from the algorithm, suggesting that
differences in group assignment by asthma status were not solely driven by inhaler use.
Next, we re-ran primary analyses among women without asthma (n=106). Though two
groups (“same” and “worse™) were identified, only one woman was assigned to the “worse”
trajectory (data not presented).

A summary of findings from additional sensitivity analyses, which confirmed results from
our primary analyses, can be found in Table E7 and E2.

DISCUSSION

In this prospective pregnancy cohort, we observe that asthma worsens for 40% of women
and stays the same for 60% of women during pregnancy. Contrary to prior research, asthma
does not appear to improve (i.e., get better) during pregnancy. Specific symptoms that
worsened during pregnancy were respiratory symptoms (i.e., wheeze, cough, shortness of
breath, chest pain, chest tightness) and nighttime symptoms, with increases in frequency
typically occurring around the second trimester and continuing until around delivery.

We identify several sociodemographics and clinical characteristics associated with worse
gestational asthma control, including a more severe asthma phenotype pre-pregnancy and
poor asthma control in the first trimester. Changes in medication use did not appear to
impact gestational asthma control, though further study is needed due to small sample sizes
in certain groups (e.g., only 16 women had a step up in medications between pre-pregnancy
and baseline). Finally, we note that increases in symptomology were restricted to women
with asthma, suggesting that pregnancy itself does not substantially contribute to asthma-like
symptom burden. This is the first study to use a data-driven approach to identify and
characterize trajectories of gestational asthma control. Given that multiple factors contribute
to the determination of asthma control, our multivariate data-driven approach was especially
suited to address this aim.

Gestational asthma control has previously been defined and assessed in many ways(2, 7).
Older studies rely on self-reported assessments of asthma course that fit within a “better,
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same, or worse” framework and which compare the non-pregnant to the pregnant state(11,
12). Only a few prior studies have included asthma symptomology during pregnancy(8,

13, 21, 22). Of those that do, symptoms are often grouped according to existing asthma
guidelines(23, 24). While clinically relevant, grouping obscures potentially meaningful
information regarding symptomology over the course of pregnancy and precludes the
possibility of more nuanced changes in asthma being experienced during this time. For
example, we observed clinically meaningful increases in night symptoms (~3 days/week)
and respiratory symptoms (~5 times/week) for women with worsening asthma during
pregnancy, but little change in activity limitation and inhaler use. Two prior studies have
reported that the first and last month of pregnancy are characterized by lack of exacerbations
and fewer asthma symptoms(10, 25). Due to differences in timing of study entry and exit,
as well as increased risk of preterm birth among women with asthma and poor asthma
control, the decrease in asthma symptoms observed towards the end of gestation should

be interpreted with caution(26-30). Thus, we interpret our trajectories to suggest that
respiratory and nighttime symptoms occur with increasing frequency across gestation, with
the largest increases occurring around the start of the second trimester.

Asthma control is assessed based on symptomology and exacerbation risk(24). Our
assessment of gestational asthma course relied on four domains common across existing
guidelines and assessments of asthma control: activity limitation, nighttime symptoms,
inhaler use, and respiratory symptoms(17, 18, 23, 24). Asthma exacerbations were not

able to be included in the original algorithm but were strongly associated with trajectory
assignment, providing further evidence that our algorithm identified women with differing
gestational asthma control. Pulmonary function and inflammation are not consistently
employed in asthma control guidelines but are a key part of asthma assessment in clinical
practice(18, 23, 24). Though we observed overall poorer pulmonary function and increased
pulmonary inflammation among women assigned to the “worse” compared to the “same”
gestational asthma control trajectory, we did not observe expected changesin pulmonary
function and inflammation across pregnancy by trajectory assignment. For example, the
mean percent predicted FEV1 for women assigned to the “worse” group was about 6 units
lower than the mean percent predicted FEV1 for women assigned to the “same group across
all trimesters (study visits). However, given the strong association between our algorithm,
exacerbations, and other clinical characteristics (e.g., baseline asthma control from the
Asthma Control Test), we are confident that we accurately assessed and captured changes in
asthma control during pregnancy.

Changes in asthma control during pregnancy may be due to changes in underlying disease
severity, poor medication adherence, medication clearance rates, and/or other exacerbating
factors during this time(8, 13, 21, 22). Similar to prior studies, we report that a more severe
asthma phenotype is associated with worse gestational asthma control; 68% of women

with severe persistent asthma pre-pregnancy experienced worsening asthma control during
pregnancy(13, 25, 31). Appropriate treatment and adherence to prescribed treatment is

key to preventing poor asthma control during pregnancy, though higher asthma severity
may still confer greater risk even with appropriate treatment and adherence(2, 13). During
pregnancy, medication cessation is common among women with asthma, with most changes
in medication use occurring in the first trimester(32). We observed no differences in
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gestational asthma control with a step up or step down in medication use between pre-
pregnancy and the first trimester, though very few women (5.2%) stepped up during this
time. We also observe the same two-trajectory schema in sensitivity analyses examining
trajectories for women who did and did not change their medications. Importantly, more
active management of asthma may have resulted in improved gestational asthma control. We
are unable to address this key literature gap in this observational study. However, this study
represents a current obstetric population receiving asthma treatment according to standard
clinical practice; as such, findings reflect changes in gestational asthma control experienced
in a real-world setting.

Despite prior reports suggesting overlap between pregnancy and asthma symptoms (e.g.,
shortness of breath, nighttime symptoms), our study finds that symptoms related to
pregnancy per se appear not contribute to the trajectory of asthma symptomatology in
pregnhancy(15, 16). This is an important insight, as some prior studies of the course of
asthma during pregnancy have accounted for assumed pregnancy-specific effects on asthma
by excluding symptoms thought to be due to pregnancy(13). Our study suggests this should
not be necessary. Instead, changes in asthma symptoms during pregnancy were confined

to women with asthma. Potential mechanisms influencing the course of asthma during
pregnancy include increased pulmonary capillary permeability and upper airway resistance,
decreased functional residual capacity, prostaglandin F2 a.-mediated bronchoconstriction,
placental major basic protein interacting with the pulmonary system, gastroesophageal
reflux-induced asthma, stress, dynamic changes in maternal immune status, and elevation
of the diaphragm from the expanding uterus in the second and third trimesters(10).

This study possesses several notable limitations. First, daily diary data was prone to
missingness, the exclusion of which can result in substantial bias(33). Thus, our primary
analysis was conducted on an imputed dataset. Moreover, the two-group trajectory
assignment was maintained across various sensitivity analyses for missing data. Second,
k-means clustering algorithms are prone to limitations inherent to all clustering algorithms
as summarized previously(34), as well as limitations inherent to non-model-based
algorithms(19). However, despite lacking methods for goodness-of-fit testing, non-model-
based algorithms possess a number of strengths (flexible, non-parametric) and sensitivity
analyses using group-based multi-trajectory models corroborated our main findings(19).
Though k-means clustering can accommodate variables of differing structure over time as
well as missingness, we were not able to accommodate data collected outside of the daily
diary context (i.e., spirometry or exacerbations collected at study visits) due to sparseness of
data collection for those variables. However, we note strong associations between trajectory
assignment and pulmonary function and exacerbations. Finally, we could not assess how
closely patients’ medication use adhered to that prescribed by their providers, and thus
could not assess whether medication was appropriately administered and taken across
gestation. However, we do present results by pre-pregnancy (last 6 months) and baseline
(first trimester) medications.
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Among the strengths of this study are the prospectively collected data and multivariate
trajectory modelling, which allowed us to provide detailed, clinically relevant information
on the course of asthma during pregnancy without relying upon assumed patterns or
groupings of asthma control. In particular, we note the use of daily diaries as our primary
assessment of asthma control, which has been shown to provide more sensitive estimates of
asthma control than retrospective questionnaires like the Asthma Control Test(35). Second,
we are one of the only studies of asthma status during pregnancy to include a comparison
group of women without asthma. Prior studies with a comparison group of women without
asthma have had small sample sizes and variable results; most have focused on only one
aspect of asthma course: pulmonary function(10). Finally, we performed a large number of
sensitivity analyses which confirm our main findings.

In this prospective pregnancy cohort of women with and without asthma, 40% of women
with asthma experienced worsening asthma control during pregnancy. Given the association
between worsening gestational asthma control and adverse pregnancy outcomes(2, 7), it is
imperative that further studies be performed to identify mechanisms underlying worsening
control and to elucidate interventions to enhance stability or improvement in asthma
control during pregnancy. Several sociodemographic and clinical characteristics — including
poorer pre-pregnancy asthma control — were associated with worsening gestational asthma
control. These at-risk patients may require closer symptom monitoring as well as additional
counselling in trigger identification and avoidance during pregnancy.
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HIGHLIGHTS

What is already known about the topic? Convention holds that asthma control
follows a rule of thirds during pregnancy: a third get better, a third get worse,
and the rest stay the same.

What does this article add to our knowledge? Using an unsupervised machine
learning approach, we show that asthma control does not improve during
pregnancy. Rather, ~60% of women experience no change in asthma control
during pregnancy.

How does this study impact current management guidelines? In this
contemporary pregnancy cohort of women with asthma managed according
to standard practice, ~40% of women may have benefitted from more active
asthma management.
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Pregnant women enrolled
(n=418)

Pregnancies with asthma
(n=311; 74.4%)

Pregnancies without asthma
(n=107;25.6%)

Excluded
- Withdrew (n = 2)

Excluded

- Withdrew (n=1)

Visit 1
(n=309; 99.4%)

Visit 1
(n=106; 99.1%)

In analyses
- Delivery (n=292)
- Loss to follow-up (n=2)
- Pregnancy loss (n = 8)
- Moved (n=4)
- Withdrew (n=1)
- Birth at outside hospital (n = 2)

In analyses
- Delivery (n=99)
- Loss to follow-up (n=2)
-Moved (n=1)
- Withdrew (n = 2)
- Birth at outside hospital (n = 2)

Figurel.

Study population flow chart for participants in the Breathe-Wellbeing, Environment,

Lifestyle, and Lung Function Study, USA (2015-2019)
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Figure2.
Mean multivariate trajectories of algorithm-assigned asthma control during pregnancy

restricted to women with asthma in the Breathe-Wellbeing, Environment, Lifestyle, and
Lung Function Study, USA (2015-2019). Panel A) Activity limitation (days/gestational
week). Panel B) Night wakening (days/gestational week). Panel C) Inhaler use (days/
gestational week). Panel D) Respiratory symptoms (total instances of wheeze, cough, chest
tightness, chest pain, and shortness of breath/gestational week). Black lines indicate mean
trajectory (dashed lines are 95% confidence intervals (Cl)) for women assigned to the
“worse” gestational asthma control category. Grey lines indicate mean trajectory (95% CI)
for women assigned to the “same” gestational asthma control category.
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Figure 3.
Pulmonary function by gestational asthma control during pregnancy among women with

asthma in the Breathe-Wellbeing, Environment, Lifestyle, and Lung Function Study, USA
(2015-2019). Panel A) FEV1 (% predicted). Panel B) FEV6 (% predicted). Panel C)
FVC (% predicted). Panel D) FEV1/FVC. Panel E) peak flow (% predicted). Panel F)
FeNO (ppb). Black lines indicate mean trajectory (95% confidence intervals (Cl) shaded)
for women assigned to the “worse” gestational asthma control category. Light grey lines
indicate mean trajectory (95% CI shaded) for women assigned to the “same” gestational
asthma control category
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Participant sociodemographics associated with gestational asthma control in the Breathe-Wellbeing,
Environment, Lifestyle, and Lung Function Study, USA (2015-2019)

Table 1.

Same Worse
Sociodemographics (N=184) (N=124) p-value®
N % N %
Age (vears)? 305 59 285 59 0004
Race/ethnicity 0.044
Black 88 478 75 605
Hispanic 16 8.7 13 105
Mixed race/other 12 6.5 9 7.3
White 68 370 27 218
Parity 0.020
Nulliparous 93 505 46 371
Multiparous 91 495 78 629
Household income
< $15,000 44 239 44 355 0.006
$15,000-$40,000 34 185 33 266
$40,000-$120,000 52 283 27 218
>$120,000 54 293 20 161
Education
High school or less 50 272 49 395 <0.001
Associate’s/Some college 49 266 44 355
Bachelor’s degree 41 223 7 5.6
Master’s or advanced degree 44 239 24 194
Enroliment BMI (kg/m?) 0.024
BMI < 25 70 380 31 250
BMI 25-30 44 239 28 226
BMI =30 70 380 65 524
Cigarette smoking pre-pregnancy 0.23
No 149 814 94 758
Yes 34 186 30 242
Pre-pregnancy diabetes 0.11
No 177 962 114 919
Yes 7 3.8 10 8.1
Pre-pregnancy hypertension 0.012
No 172 935 105 84.7
Yes 12 6.5 19 153
Pre-pregnancy depression 0.43
No 118 641 74 597
Yes 66 359 50 403
Season of conception 0.19
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Same Worse
Sociodemogr aphics (N=184) (N=124) p-value®
N % N %
Spring 39 212 37 298
Summer 38 207 30 242
Fall 53 288 28 226
Winter 54 293 29 234
Study site 0.004
Northwestern University 112 609 55 444
University of Alabama-Birmingham 72 391 69 556

a .
Mean and standard deviation

b . -
p-value from Chi-squared or Fisher’s exact tests, and t-tests
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Table 2.

Participant clinical characteristics associated with gestational asthma control in the Breathe-Wellbeing,
Environment, Lifestyle, and Lung Function Study, USA (2015-2019)

Same Worse

Characteristics (N=184) (N=124) pvalue®

N % N %

Baseline asthma control <0.001
Well-controlled asthma 112 609 34 274
Poorly-controlled asthma 72 391 90 726

Asthma control in prior pregnancy 0.004
Better 12 6.6 4 3.2
Worse 36 197 44 355
Same 72 393 50 403
No prior pregnancies 63 344 26 210

Asthma onset 0.99
Adult-onset asthma 41 225 28 226
Child-onset asthma 141 775 9% 774

Exercise-induced asthma 0.006
No 82 471 33 268
Yes 76 437 66 537
Don’t exercise 16 9.2 24 195

Asthma atopy 0.16
Atopic asthma 145 79.2 106 855
Non-atopic asthma 38 208 18 145

Pre-pregnancy asthma severityb 0.012
Mild intermittent 110 59.8 60 484
Mild persistent 35 190 27 218
Moderate persistent 30 163 18 145
Severe persistent 9 4.9 19 153

Baseline asthma severityb 0.15
Mild intermittent 143 777 8 694
Mild persistent 25 136 17 137
Moderate persistent 13 7.1 15 121
Severe persistent 3 1.6 6 4.8

Change in medication use” 0.20
No change 127 69.0 75 605
Step down 50 272 40 323
Step up 7 3.8 9 7.3

Asthma exacerbations
Asthma attacks pre/early pregnancy 98 538 49 395 0.014
Asthma attacks during pregnancy 114 69.1 68 58.6 0.07

Medical encounters pre/early pregnancy 126 69.2 64 51.6 0.002
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Same Worse
(N=184) (N=124) a

Characteristics p-value

N % N %

Medical encounters during pregnancy 148 89.7 84 724  <0.001
Oral corticosteroids pre-pregnancy 7 3.8 18 145 <0.001
Oral corticosteroids during pregnancy 3 1.7 3 24 0.69

a . .
p-value from Chi-squared or Fisher’s Exact tests

bAsthma severity defined according to guidelines set out in Table E1 using medication regimens from pre-pregnancy (past 6 months) and baseline
(first trimester)

cChanges in medication use occurred between pre-pregnancy (past 6 months) and baseline (first trimester). A step up is referred to as any
increase in medications that would cause someone to be classified at a higher asthma severity level. A step down is referred to as any decrease

in medications that would cause someone to be classified at a lower asthma severity level. No change refers to maintaining the same asthma
severity level between pre-pregnancy and baseline. Women in this group could have changed medications, but not to the degree that they would be
re-classified
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