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Abstract

BACKGROUND: There is limited information regarding the impact of dose and gestational
timing of oral corticosteroid (OCS) use on preterm birth (PTB), especially among women with
asthma.

OBJECTIVES: To evaluate OCS dose and timing on PTB for asthma and, as a comparison,
systemic lupus erythematosus (SLE).

METHODS: We used health care data from California Medicaid enrollees linked to birth
certificates (2007-2013), identifying women with asthma (n = 22,084) and SLE (n = 1174). We
estimated risk ratios (RR) for OCS cumulative dose trajectories and other disease-related
medications before gestational day 140 and hazard ratios (HR) for time-varying exposures after
day 139.

RESULTS: For asthma, PTB risk was 14.0% for no OCS exposure and 14.3%, 16.8%, 20.5%,
and 32.7% in low, medium, medium-high, and high cumulative dose trajectory groups,
respectively, during the first 139 days. The high-dose group remained associated with PTB after
adjustment (adjusted RR [aRR]: 1.46; 95% confidence interval [CI]: 1.00, 2.15). OCS dose after
day 139 was not clearly associated with PTB, nor were controller medications. For SLE, PTB risk
for no OCS exposure was 24.9%, and it was 39.1% in low- and 61.2% in high-dose trajectory
groups. aRR were 1.80 (95% CI: 1.34, 2.40) for high and 1.24 (95% CI: 0.97, 1.58) for low
groups. Only prednisone equivalent dose >20 mg/day after day 139 was associated with increased
PTB (adjusted HR: 2.54; 95% CI: 1.60, 4.03).
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CONCLUSIONS: For asthma, higher OCS doses early in pregnancy, but not later, were
associated with increased PTB. For SLE, higher doses early and later in pregnancy were
associated with PTB.

Keywords

Adrenergic B, receptor agonists; Antirheumatic agents; Asthma; Glucocorticoids; Inflammatory
bowel disease; Leukotriene antagonist; Oral corticosteroids; Pregnancy; Preterm birth; Systemic
lupus erythematosus

The treatment goal for pregnant women with asthma is to maintain asthma control with
optimal therapy.! Oral corticosteroids (OCSs) may be used during pregnancy to treat acute
exacerbations or less commonly for severe persistent asthma.23 For pregnant women with
other autoimmune diseases, including systemic lupus erythematosus (SLE) and
inflammatory bowel disease (IBD), OCSs may be used to manage flares or as maintenance
therapy.4~’

Many studies have reported an increased risk of preterm birth (PTB) or shorter gestational
length after ary OCS use during pregnancy, primarily among women with asthma, but also
for other autoimmune diseases including SLE and I1BD.8-2% As a potential mechanism
underlying the association, Schatz et al'3 proposed that the immunosuppressive effects of
OCSs could increase the risk of PTB mediated through subclinical intraamniotic infection,
which is believed to be an important contributor to PTB.26 Systemic corticosteroid use in
higher doses of approximately =10 mg of prednisone-equivalent per day has been associated
with infection in individuals with autoimmune diseases, including pregnant women,
independent of other immunosuppressives.2’-31 An alternative explanation for the
association between OCS use and PTB is confounding by indication as lower asthma control
and greater autoimmune disease severity are also associated with increased PTB risk.24:32-39

There is limited information regarding the impact of dose and gestational timing of OCS use
on gestational length,18:20.25:40 especially among women with asthma.2> Therefore, we
evaluated the impact of OCS dose and gestational timing of use among women with asthma,
adjusting for proxies of asthma control. We also considered the association in women with
SLE and as an exploratory analysis among women with IBD to determine whether findings
for asthma would be observed for other OCS indications.

METHODS

Data source and study population

We used enrollment and outpatient, inpatient, and pharmacy claims data from 2007 to 2013
from the California Medicaid program (known as Medi-Cal), which were compiled by the
California Department of Health Care Services and linked to birth certificate data from the
California Birth Statistical Master Files and to California’s Office of Statewide Health
Planning and Development hospital discharge data. The study was approved by the
Committee for the Protection of Human Subjects, California Health and Human Services
Agency and was determined exempt by the University of California San Diego Human
Research Protections Program. A data use agreement was in place with the California

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palmsten et al.

Outcome

Exposure

Page 3

Department of Health Care Services. Counts and numbers that could be used to calculate
counts of less than 16 were suppressed.

Last menstrual period (LMP) date was calculated from the birth certificate by subtracting the
obstetric estimate of gestational age at delivery from the delivery date; the birth certificate
LMP estimate of gestational age at delivery was used when obstetric estimate was
unavailable.#! Most (84%) of the women meeting inclusion criteria (described below) had
the obstetric estimate available.

Among the 1,767,164 linked deliveries (Figure 1), we included women with gestational age
at delivery of 220 weeks and <45 weeks, an LMP date on or after January 1, 2007, and on or
before March 1, 2013, maternal age =12 and <49 years at delivery, continuous Medi-Cal
enrollment between the LMP month and delivery month (to help ensure completeness of
claims during pregnancy), and an inpatient or outpatient International Classification of
Diseases, Ninth Revision diagnosis codes for asthma (493.x), SLE (710.0), Crohn’s disease
(555.x), or ulcerative colitis (556.x) during pregnancy through gestational day 258 (<37
gestational weeks). After applying inclusion criteria, there were 23,647 pregnancies ending
in live birth. Women were assigned to at least one of 3 subcohorts based on asthma (n =
22,084), SLE (n =1174), or IBD (Crohn’s disease or ulcerative colitis; n = 469) diagnosis;
54 women had asthma and SLE, 24 women had asthma and IBD, and less than 16 women
had SLE and IBD. Given the small number of women with IBD exposed to OCS, the IBD
analysis was exploratory and is presented in Tables E1-E4 (available in this article’s Online
Repository at www.jaci-inpractice.org).

The primary outcome was PTB (delivery at <37 gestational weeks, ie, <259 days). We
considered early PTB (<32 gestational weeks, ie, <224 days) as exploratory given the small
number with the outcome.

We obtained medication exposure information from outpatient pharmacy claims between
LMP and gestational day 258. We used the dispensing dates plus the number of days of
medication supplied to estimate exposure. The primary exposure of interest was OCS.
Because nearly all OCS dispensings were for prednisone (96%), strength was converted to
prednisone-equivalent dose per day.*2 Doses from dispensings that had supply on
overlapping days were summed. Prednisone-equivalent doses =80 mg/day (<16 women) was
assigned to 80 mg/day. We calculated cumulative dose on each day by summing daily dose
from previous days.

Other exposures of interest were as follows: for asthma, inhaled corticosteroids, long-acting
B-agonist (LABA) or LABA and inhaled corticosteroid combinations, leukotriene modifiers,
and other asthma medications excluding inhaled short-acting p-agonists (SABA); for SLE,
disease-modifying antirheumatic drugs (DMARDsS) (collapsed over biologic and
nonbiologic DMARDs given the small number with these medications and our previous
study indicating that neither were associated with an increased PTB risk).25
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Exposure modeling

k-means is a statistical learning method used to cluster individuals with similar patterns of a
measurement over time.43 We used k-means to group women with similar trajectories of
cumulative OCS dose during the first 139 days of pregnancy with “KmL” package in R
software.*3 Recently this method has been used to characterize patterns of medications in
pregnancy.#0:44-46 \\e previously observed pronounced differences in OCS daily dose
between individual observations and the cluster mean due to sporadic OCS use??; therefore,
we focused on cumulative dose. We selected the number of k clusters, that is, trajectory
groups, based on relevance and size. For asthma, we selected k = 5 because setting k <5
produced a cluster containing >85% of the subcohort and k = 6 produced a cluster with only
1 individual. For SLE, we selected k = 2 because k = 3 produced a cluster containing only 19
individuals. We modeled exposure as any or none for non-OCS medications before
gestational day 140.

We could not apply the trajectory method when modeling OCS dose later in pregnancy
because the same gestational length is required to avoid including postpartum days for
shorter gestations.40 Furthermore, we avoided studying cumulative dose or a fixed exposure
window after gestational day 139 because women become at risk for PTB on day 140 and
pregnancies with longer gestations have more opportunity for exposure, which could lead to
immortal time bias.4748 Instead, we modeled time-dependent changes in OCS daily dose on
each gestational day between 140 and 259, allowing for daily changes in high, medium, low,
or no dose for OCS and any or no non-OCS medications. Because previous studies reported
increased infection risk associated with prednisone doses of around 10 mg and increasing
risk with increasing doses,2’-31 we evaluated prednisone-equivalent doses of <10, 10 to <20,
and =20 mg/day. To characterize the amount of exposure time, we calculated the average
number of weeks of exposure to each OCS dose level and to no OCS by dividing the person-
weeks in each exposure category by the number of women with any exposure to each level
after day 139. Women could contribute weeks to multiple dose levels.

Statistical analysis

To estimate risk ratios (RR) and 95% confidence intervals (CI) between exposure groups
before day 140 and PTB and early PTB, we used modified Poisson regression.*® To estimate
hazard ratios (HR) for time-dependent medication exposure after day 139 and PTB and early
PTB, we used Cox proportional hazards models with time since day 140 as the time scale.
Women with term deliveries were censored at day 259. We used robust variance estimators

in models to account for correlation within women who had more than 1 delivery in the data.
49,50

We adjusted for the following covariates: delivery year, maternal age (<21, 21-34, 235
years), race/ethnicity (white, black, Hispanic, other or unknown), education (less than high
school, high school graduate or equivalent, some college or associate’s degree or higher),
nulliparity, multifetal gestation (singleton, higher order), prepregnancy body mass index
(underweight or normal <25 kg/m?2, overweight >25 to <30 kg/m?, obesity <30 kg/m?), and
smoking during pregnancy from the birth certificate, and Medicaid eligibility based on
disability. We adjusted for mental health and hypertension diagnoses between LMP and day
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140 because both were associated with PTB. We also adjusted for the following between
LMP and day 140 as markers of comorbidity: any inpatient admissions, outpatient visits
(none, 1-5, =6), and emergency department visits (none, 1, >2).51 Models for medication
exposures before day 140 and after day 139 were mutually adjusted for the other medication
exposures during the same period of interest.

For asthma, we also adjusted for the following between LMP and day 140 as asthma control
proxies: any inpatient admissions with an asthma diagnosis, outpatient visits with an asthma
diagnosis (none, 1, =2), emergency department visits with an asthma diagnosis (none, 1, =2),
and SABA dispensings (none, 1, 2, >3).5253 For models of asthma medication exposure
after day 139, we adjusted for exposure to OCS cumulative dose trajectory groups, inhaled
corticosteroids, LABA or LABA and inhaled corticosteroid combinations, leukotriene
modifiers, and other asthma medications excluding SABA before day 140.

For SLE, we also adjusted for the following SLE severity proxies: number of outpatient
visits with an SLE diagnosis (none, 1, >2) and any inpatient admissions with an SLE
diagnosis before day 140. For models of SLE medication exposure after day 139, we
adjusted for exposure to OCS cumulative dose trajectory groups and DMARDs before day
140.

We imputed values with single imputation using predicted values from multivariable models
including county, maternal age, and race/ethnicity for the following covariates with missing
data: body mass index (7% missing), education (3% missing), smoking (2% missing), and
parity (0.1% missing).

We conducted a post hoc mediation analysis, as described by Valeri and Vanderweele,>* to
explore whether preeclampsia, based on diagnosis codes,>® mediated the association
between early OCS and PTB. We collapsed exposure levels to increase statistical power.

RESULTS

Cohort and trajectory group characteristics

The average maternal age was 25.8 (standard deviation [SD], 6.1) and 27.9 (SD, 5.8) years
in the asthma and SLE subcohorts, respectively. The majority of women were Hispanic
(51% for asthma and 61% for SLE) (Tables I and I1). Approximately a third of women were
in each of the 3 education levels, with slightly more women with at least some college or an
associate’s degree in the SLE subcohort (30% for asthma and 36% for SLE). The average
gestational age at delivery was 267.5 (SD, 15.4) and 259.1 (SD, 21.2) days in the asthma and
SLE subcohorts, respectively.

Figure 2 illustrates mean cumulative dose for each trajectory group on each gestational day.
The 2 groups with the highest OCS exposure in the asthma subcohort were combined into
one “high-dose” group in analyses given their smaller size. When examining the high-dose
trajectory groups, women with SLE had on average more days of OCS exposure (mean, 87.3
vs 56.8 days; Table I11) but lower average daily dose (mean, 15.2 vs 24.1 mg; Table I11) than
women with asthma.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palmsten et al. Page 6

Among women with asthma, those with OCS exposure more often had Medicaid eligibility
based on disability, hypertension, and proxies of lower asthma control, that is, more
outpatient and emergency department visits and any inpatient admission with an asthma
diagnosis, and more SABA dispensings, especially those in higher trajectories (Table I).
Women with OCS more often had non-OCS asthma medication exposures, with more LABA
or LABA and inhaled corticosteroid combinations, leukotriene modifiers, and other asthma
medications in medium-high and high trajectories compared with low and medium
trajectories. Among women with SLE, women with OCS more often had hypertension and
DMARD exposure and had greater health care utilization than women without OCS (Table

).

OCS earlier in pregnancy and PTB

For asthma, PTB risk among women with no OCS exposure was 14.0%, and it was 14.3% in
low, 16.8% in medium, 20.5% in medium-high, and 32.7% in high cumulative dose
trajectory groups before day 140 (Table 1V). After adjusting for covariates, only the high-
dose group remained moderately associated with PTB (adjusted RR [aRR]: 1.46; 95% ClI:
1.00, 2.15). Controller therapies were not associated with PTB.

Among women with SLE, PTB risk among women with no OCS exposure was 24.9%, and it
was 39.1% in low and 61.2% in high cumulative dose trajectory groups (Table V).
Adjusting for covariates attenuated associations, with the high-dose group associated with a
1.80-fold increased PTB risk for PTB (95% CI: 1.34, 2.40) and the low-dose group
associated with a borderline increased risk of 1.24 (95% CI: 0.97, 1.58). DMARDSs were not
associated with PTB.

OCS later in pregnancy and PTB

After gestational day 139, the average weeks of exposure at each OCS dose level was
approximately 3 times greater among women with SLE than those with asthma (Figure 3).

For asthma, there was no clear pattern of association between OCS dose after day 139 and
PTB (adjusted HR [aHR]: 0.85 [95% CI: 0.54, 1.34; Table V] for >20 mg/day of prednisone
equivalent dose; aHR: 1.16 [95% ClI: 0.67, 2.02] for 10-20 mg/day; aHR: 1.40 [95% ClI:
0.62, 3.16] for <10 mg/day).

Among women with SLE, only exposure to >20 mg/day of prednisone equivalent dose after
day 139 was strongly associated with an increased PTB rate (aHR: 2.54 [95% ClI: 1.60,
4.03]; Table V), whereas the aHR were 1.37 (95% CI: 0.80, 2.36) for 10 to 20 mg/day and
1.15 (95% CI: 0.68, 1.95) for <10 mg/day.

Exploratory analyses
Among women with IBD, OCS exposure before day 140 was not associated with PTB (aRR:
1.06 [95% CI: 0.59, 1.89]; Table E3, available in this article’s Online Repository at
www.jaci-inpractice.org). In contrast, OCS exposure after day 140 was associated with an
increased PTB rate; however, results were imprecise (aHR: 2.13 [95% CI: 0.99, 4.59]; Table
E4, available in this article’s Online Repository at www.jaci-inpractice.org).

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.
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There was no increased risk of early PTB after either period of OCS exposure in women
with asthma although results were imprecise. Among women with SLE, only high doses of
OCS were associated with an elevation in early PTB (aRR: 1.88 [95% CI: 1.02, 3.48] for
high OCS cumulative dose trajectory group before day 140; aHR: 4.32 [95% CI: 1.85,
10.10] for >20 mg/day of prednisone-equivalent dose after day 139; Tables E5 and ES6,
available in this article’s Online Repository at www.jaci-inpractice.org).

Among women with asthma, preeclampsia risk was 3%; preeclampsia mediated 8% of the
association between the highest 2 trajectory groups before day 140 versus no OCS exposure
and PTB, although the CI for this association contained the null. Among women with SLE,
preeclampsia risk was 11%; preeclampsia mediated 20% of the association between any
OCS exposure before day 140 and PTB.

DISCUSSION

In this study of California Medicaid enrollees, we observed very high absolute risks for PTB
among women with asthma, ranging from 14% in women with no OCSs to 33% for the
highest OCS doses, and for SLE, ranging from 25% in women with no OCSs to 61% for the
highest OCS doses. These PTB risks are notably higher than the general population of
pregnant Medi-Cal enrollees (10%) and national estimates including women with a broader
range of socioeconomic status during similar years (10%-12%; Department of Health Care
Services, 2011, Unpublished data).>8 The high baseline PTB risk may in part reflect effects
of poorly controlled disease among some women,32:33.37,38

We observed some differences in the association between OCS dose and PTB by gestational
timing between women with asthma and SLE. Among women with asthma, we observed a
moderate association between the highest OCS cumulative dose trajectory group during the
first half of pregnancy and PTB. However, we did not observe a clear association between
OCS exposures late in pregnancy and PTB for asthma. In contrast, for SLE, we observed an
increase in PTB associated with higher doses of OCS exposure both earlier and later in
pregnancy. We did not observe associations for other asthma- or SLE-related medications.
As discussed below, differences in results between asthma and SLE may reflect disease-
related differences in the intensity of OCS exposure, if there is a true effect of OCSs on
PTB, or differences in confounding, if the association between OCS and PTB is spurious
due to confounding by disease severity, or a combination of these explanations.

There were differences in the typical daily dose and days of OCS exposure between women
with asthma and SLE that may contribute to differences in results. During the first half of
pregnancy, the average daily dose across each trajectory group in the asthma subcohort was
higher than for SLE, and the average number of OCS days tended to be lower for asthma
than SLE. Later in pregnancy, the average number of exposure weeks for each level of OCS
dose was higher in women with SLE than asthma. It is possible that chronic OCS exposure
at relatively high daily doses, as was more frequently observed among women with SLE
than asthma, impacts PTB risk, whereas shorter OCS durations do not.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.
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The generally stronger associations between higher OCS dose versus no OCS exposure and
PTB among women with SLE, as compared with asthma, may reflect greater confounding
by disease severity for SLE and differences in disease course during pregnancy. Meta-
analyses indicate that SLE confers greater increased risk for PTB than asthma (a 2-fold vs
1.4-fold), although such estimates vary by the severity of women included.3338 The current
study only had disease severity proxies and potential residual confounding is a limitation.

In our previous study using MotherToBaby Pregnancy Studies data, we also observed a
possible difference in the association between early and late OCS exposure and PTB risk for
women with asthma.2® Specifically, the point estimate was larger for any early OCS
exposure versus none (aRR: 2.28 [95% CI: 0.89, 5.81]) than for late OCS exposure versus
none (aHR: 1.23 [95% CI: 0.27, 5.56]), although Cls overlapped.?> One possible explanation
for the association between early, but not late, high-dose OCS exposure and PTB is that
early asthma exacerbations, that is, the indication for high dose OCS, are impacting PTB
through a mechanism occurring earlier in pregnancy, for example, through the development
of preeclampsia. Our mediation analyses indicate that preeclampsia may explain a small
portion of the association between early OCS and PTB, although there was likely some
misclassification of preeclampsia.>®

In line with the current study, a previous study reported that prednisone dose >10 mg/day
anytime during pregnancy was associated with PTB for SLE, although results were
unadjusted.29 There is some evidence from studies of rheumatoid arthritis that higher OCS
doses are associated with increased PTB; however, confounding by disease severity has not
been ruled out.18:25:40

Besides residual confounding by disease control or severity, our study had additional
limitations. First, we relied on pharmacy dispensing data with medication dispensing dates
and days’ supply to estimate gestational timing and dose, and we could not confirm that
women were taking medications as assumed. Exposure misclassification may have biased
results toward the null. Second, we relied on diagnosis codes to identify women with each
condition. We would expect women who are false positives for the condition not to have a
disease-related medication, and this may have resulted in a healthier unexposed comparison
group than if we could confirm the assumed conditions. Third, results may reflect selection
bias if the exposures are associated with pregnancy loss and stillbirth, as we included only
livebirths. Fourth, we required women to be enrolled in Medi-Cal throughout pregnancy. In
more recent years since the Patient Protection and Affordable Care Act, Medicaid has
expanded to include women without children, nonpregnant women, and higher income
women than during the study period. Results could differ for women who are Medicaid
eligible before pregnancy and for Medicaid-eligible women with higher socioeconomic
status, especially if such women differ from the study population by disease severity. Finally,
the number of women with IBD and OCS exposures was small, resulting in imprecise
estimates.

A major strength of the study is that we used claims data linked to birth certificate data to
obtain gestational age at delivery. Therefore, we avoided relying on diagnosis codes to
estimate LMP and identify PTBs, which results in greater misclassification of gestational
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timing of exposure and outcome misclassification. Other strengths include the use of non-
OCS disease-related medications for comparisons, the large number of women with asthma
and SLE, which allowed us to study OCS dose, and a diverse, in terms of race and ethnicity,
and low-income population.

In summary, the highest OCS doses early in pregnancy, but not later, were associated with
moderately increased PTB among women with asthma. In contrast, higher dose OCSs both
early and later in pregnancy were associated with increased PTB for SLE. There was no
clear association between lower OCS doses and PTB and no association between the other
medications we studied and PTB, including asthma controller therapy. Our findings support
the current guidelines to control asthma and treat exacerbations during pregnancy.! Although
the positive associations may reflect residual confounding by disease activity, results are
reassuring for women who can manage asthma and SLE with non-OCS medications or
lower OCS doses. Regardless of confounding, the absolute risk for PTB was notably high in
this population of low-income women with asthma and SLE, especially for women with
OCS. Providers treating similar women should be aware of the potential for PTB.

ONLINE REPOSITORY

METHODS

We describe additional details pertaining to the exploratory analysis in the inflammatory
bowel disease (IBD) subcohort below.

Exposure modeling—Medications of interest for the IBD subcohort included oral
corticosteroids (OCSs), immunosuppressives, and oral aminosalicylates. For IBD, we
considered any exposure versus none to each medication group of interest during the first
139 days of pregnancy and after gestational day 139. We did not consider OCS dose because
of the small number of women who used OCSs.

Additional covariates—In addition to the variables that we adjusted for across each
subcohort, we also adjusted the IBD models for the following covariates: Crohn’s disease
diagnosis (vs ulcerative colitis diagnosis), number of outpatient visits with IBD diagnosis
(none, 1, =2), and any inpatient admissions with an IBD diagnosis before gestational day
140. For models of IBD medication exposure after gestational day 139, we adjusted for
exposure to OCS, oral aminosalicylates, and immunosuppressives before gestational day
140.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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aHR Adjusted hazard ratio

aRR Adjusted risk ratio

Cl Confidence interval

DMARD Disease-modifying antirheumatic drug

HR Hazard ratio

IBD Inflammatory bowel disease

LABA Long-acting p-agonist

LMP Last menstrual period

oCs Oral corticosteroid

PTB Preterm birth

RR Risk ratio

SABA Short-acting B-agonists

SD Standard deviation

SLE Systemic lupus erythematosus
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What is already known about this topic?

Oral corticosteroids are associated with an increased risk of preterm birth (PTB) among
women with asthma.

What does this article add to our knowledge?

For asthma, only higher oral corticosteroid doses early in pregnancy, but not later, were
associated with increased PTB risk. There was no association between asthma controller
therapies and PTB.

How does this study impact current management guidelines?

Our findings support the treatment goal of controlling asthma symptoms during
pregnancy and are reassuring for women who can manage asthma during pregnancy with
lower oral corticosteroid doses and controller therapies.
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Study flow diagram. Fifty-four women had asthma and SLE, 24 women had asthma and
IBD, and <16 women had SLE and IBD. /BD, Inflammatory bowel disease; L MR last
menstrual period; SLE, systemic lupus erythematosus.
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FIGURE 2.
Oral corticosteroid cumulative dose trajectories between the last menstrual period and

gestational day 139. Lines represent the mean cumulative dose on each gestational day for
each trajectory group. Women with (A) asthma (n = 2591) (purple and blue = high, green =
medium-high, yellow = medium, red 1/4 low-dose trajectories) and (B) systemic lupus
erythematosus (n = 223) (light blue = high and red = low-dose trajectories).
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FIGURE 3.
Average weeks of oral corticosteroid (OCS) exposure after gestational day 139 by dose level

per woman for asthma (n = 22,084) and systemic lupus erythematosus (n = 1174). For
asthma, 99.0% of all person-weeks were unexposed to OCS. For systemic lupus
erythematosus, 89.0% of all person-weeks were unexposed to OCS. mg/day in prednisone
equivalent dose.
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Characteristics by oral corticosteroid cumulative dose trajectory group before gestational day 140 among
women with systemic lupus erythematosus (SLE) (n = 1174)

Trajectory group

Characteristic None (n=951) Low (n=174) High (n=49)
Maternal age (y)

12-20 100 (10.5) 16 (9.2) -

21-34 712 (74.9) 129 (74.1) -

>35 139 (14.6) 29 (16.7) -
Race/ethnicity

White 149 (15.7) - -

Black 110 (11.6) 24 (13.8) -

Hispanic 575 (60.5) 114 (65.5) -

Other or unknown 117 (12.3) - -
Education

Less than high school 253 (26.6) 53 (30.5) -

High school graduate 346 (36.4) 68 (39.1) -

Some college, associate’s degree, or higher 352 (37.0) 53 (30.5) -
Nulliparous 252 (26.5) 41 (23.6) 18 (36.7)
Multifetal gestation - - 0 (0)
Prepregnancy body mass index

Underweight or normal 346 (36.4) 74 (42.5) -

Overweight 291 (30.6) 55 (31.6) -

Obese 314 (33.0) 45 (25.9) -
Smoking during pregnancy 49 (5.2) - -
Medicaid eligibility based on disability 76 (8.0) 26 (14.9) -
Mental health diagnosis * 79 (8.3) 20 (11.5) -
Hypertension diagnosis * 62 (6.5) 22 (12.6) -
No. of outpatient visits *

None 327 (34.4) 50 (28.7) -

1-5 395 (41.5) 70 (40.2) -

>6 229 (24.1) 54 (31.0) 24 (49.0)
No. of emergency department visits *

None 569 (59.8) 77 (44.3) 17 (34.7)

1 165 (17.4) 43 (24.7) -

>2 217 (22.8) 54 (31.0) -
21 inpatient admission * 63 (6.6) 27 (15.5) -
No. of outpatient visits with SLE diagnosis *

None 705 (74.1) 92 (52.9) -

1 147 (15.5) 32 (18.4) -

22 99 (10.4) 50 (28.7) 21 (42.9)
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Trajectory group
Characteristic None (n=951) Low (n=174) High (n=49)
21 inpatient admissions with SLE diagnosis * - - -
DMARD * 105 (11.0) 99 (56.9) 31(63.3)

DMARD, Disease-modifying antirheumatic drug.

Data are presented as n (%).
“Small numbers or numbers that could be used to calculate small numbers suppressed.

*
Between last menstrual period and gestational day 140.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.

Page 22



Page 23

Palmsten et al.

'81nsodxa p10481s0211109 [elo Aue yum sAep uo asop Ajrep abesany
¥

"UoNeIASp PIEpURIS 'GS

(0°2ve) zgee (Te) oot (5ve) vov vLT 850p MO
(6'T08) §'SzeT (ro) zst (e82)eL8 6 asop ybiH
snsoyewsayiAla sndnj o1WaISAS
(819) '68 (T8) 691 (9¢) s 09T a50p MO
(cen) gver (52) 261 (L9) 2L 826 80P WNIPBIN
(5'8vT) 5'vee vy eLe (s ezt vse as0p UBIY-Wnipa
(e'€12) 998071 (ev1) Ty (6'98) 895 6v asop ybIH
ewyIsy
(as) uesy (as) ueaiN (as) uesin u dnoub Aioyoalea )
6ET-0 SAep [euoiyeisah 6ET-0 SAep [euoiyelsah ainsodxa SO0 YuMm sAep |e10]
‘(Bw) asop 1usfeainba auosiupaid sAlre[NWND [R10L ,AmEv*mmou jusjeAInba auosiupald Ajrep abelany

(e2z = u) snsorewsayifia
sndn| 91W81SAS pue (TEGZ = U) BulIYISE YIIM uswom 10} dnoib A1oyoalel) 8sop aAleINWNG PI0J81S021109d [elo Aq 6ET Aep Jeuoneiseb pue poliad
[eniisusw 1Se| Usamiaq asop Juajeainba auosiupald aAleINWNI [e10] pue Ajiep abeiane pue ainsodxe (SOO) P10181S0211I0I el Yl SAep [e101 abelany

‘nra1aviL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.



Page 24

'sdnoJb ainsodxa uolyedIpawW Jaylo 4o} auou sA Aue pue sdnoib A1010alel] pI0Ja1SO9I1I0D [BI0 BAISN|IX3 A[leniniA
P

"o1jel sl ‘& ‘a|qeatjdde jou ‘pv siuobe-g Bunoe-Buo) ‘g7 (Bnip oewnsyliue BulALpow-asessip ‘G& VAN [eAIsIul 82USpIIU0D YD

VN VN T8¢€ er4) 8z¢ 1S948]Ul JO UOIIeIIPaW ON
ERIIEIETEN| ERITEIETENS| §9¢ 6v¢ 6€6 advINd ON
(cz'1'LL0) 16°0 (69'T'€TT) 8E'T 9'9¢ 98 GeZ a¥ving
ERIIEIETEN| ERITEIETE)S| 612 182 166 P10J31S0911109 [eI0 ON
(85T'26°0) 2T (€6'T'92'T) 95T T'6€ 89 viT as0p Mo
(ov'2 've'T) 08'T (eT'e'e6'T) 9V'C 219 o¢ 6v asop ybiH
A10198(e1] P10181SO0ILI0D [RIO
snsojewsaylAia sndnj o1wLISAS
VN N 6T ovee 86091 1S813)U1 JO UOIEDIPBW ON
a0uala)oy ERIICIEN 44 8€0€ S9v'1Z 4 UOIEDIPSW BUILISE 3o ON
(121 '78°0) 10T (8v'T'€0'T) ¥2'T 941 60T 619 £ UOHEDIPALU BUILASE JSLAO
ERlIEIETEN| ERITEIETE)S| YT 800¢ G/T'12 J31J1powW 8UdIII0NN3| ON
(LT'1'58'0) 00'T (Lz'1'€6'0) 80T €61 6ET 606 Jaypow susLioxna
aouaIRgey 80UBJBJOY TVl 1062 T/G'0Z  UOIBUIGUIOD PIOJBISODIH0D Ppafeyul pue ey ] 10 vav 1 ON
(cT1°,80) 660 (92'1'66°0) TT'T 6'GT ore 15T UOITeUIGUIOD PIOISISOIILIO Pafeyul Pue YEY 110 Yav ]
ERIIEIETEN| ERITEIETE)S| rAaan G6E Gzle P10481S0211109 pajeyul ON
(907 '98°0) 560 (er1260) 20T Syl esLe 65E'6T PI0J31S0911102 Pajeyu]
ERlIEIETEN| ERITEIETE)S| 0Vt 82/2 €67'6T P10J31S02110I |eI0 ON
(90'1 08'0) 26°0 (LT'1'68'0) 20T VI G6T 09€T asop MO
(¥2'1'16°0) 90'T (6e'T'€0T) 02T 89T 95T 826 3sop WnIpsN
(8¥'1'16'0) 9T'T (88'T'9T'T) 8¥'T 502 s vse asop ybiy-wnipaiy
(ST'Z'00'T) 9V'T (eve'zsT) 82 L'ze 9T 6 asop ybiH

A10108(ea] PI0IBISODI1I0D [RIO

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.

Palmsten et al.

BuwIyISy

((Fe) o\ommvaE paisnipy (1D %6G6) 44 9pnJD  YuiIq Widledd 9%  Yrig waalaid u LOvT Aep euoire1sab a10jaq aansodxa UOIIRIIPIIN

(#2TT = u) snsoyewayiAia sndnj o1WB)ISAS pue (£80'2z = U) BWYISE YIIM uswom Buowre
yuiq wusiaad pue opT Aep [euonelsab a10)aq 159491Ul JO SUOIIRIIpaW Jaylo pue sdnouab A10103len) 950p aAIRINWIND PI10J81S0JI1I0I [BJ0 USAMISQ UOITRIJOSSY

‘Al FT9VL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Palmsten et al.

"0vT Aep pue dIA usamiag sisoubelp 37S e yym suolssiwpe Juaiiedul Aue pue suoissiwpe Juanedul Aue ‘sisoufielp 37S e ynm SHSIA Jusiredino pue ‘sHsiA Juawpedap

Aouabiawsa ‘susiA Juanedino Jo Jaquinu ‘sisoubeip uoisusliadAy ‘sisoubelp yifeay [eiuaw pue ‘Anjigesip uo paseq Ajiqibija preaipa|n ‘Aoueubaid Burinp Buisows ‘xapui ssew Apog AoueuBaidaid ‘uorreisab
|elaynnw ‘Ayredijinu ‘uoneanpa ‘A1o1uyla/aoel ‘abe [eulalew ‘reak AlaAlap ‘1salalul JO suoledlpaw 1oy paisnipe Ajreninw (31S) snsorewsayiAia sndnj o1waisAs 103 HY "0pT Aep pue (dIAT1) pouad fenssusw
1SB| Usamiaq sisoubelp ewiyise Ue Ylim suoissiwpe juaiedul Aue pue suoissiwpe jusiedul Aue ‘sbuisuadsip 1siuobe-g Bunoe-1ioys pajeyul pue ‘sisoufelp ewyise ue Yim susiA Juswitedap Aousbiaws
‘sisoufielp ewuyise ue Yum sHsIA Juairedino ‘sisiA Juawiiedsp AsuaBiawa ‘sysiA Juairedino Jo Jaquinu ‘sisouBelp uoisusiadAy ‘sisoubelp yijeay [eausw pue ‘Aljigesip uo paseq Anjiqibija presipaiy ‘Aoueubaid
Burinp Burjows ‘xapui ssew Apoq Aoueubaidald ‘uonelseh [erapnnw ‘Ayedijjnu ‘uoneanpa ‘A1o1uyie/adel ‘abe [eusarew ‘JeaAk AJaAljap ‘1Sa1aiul JO SUOITRIIPaW o) paisnipe Ajjeninw ewyise 10y mmn

'sisiuoBe-g Bunoe-1ioys mc__u:_uxm_uN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 January 01.

J Allergy Clin Immunol Pract. Author manuscript.



Page 26

Palmsten et al.

"passalddns aJe siaquinu [[ews a1e|nafes 0} Pasn 8 PIN0J Jey) SIaqUINU 10 SIBQINU |[ewS

‘a1qearjdde 10u ‘pv ‘siuobe-g Bunoe-buo| ‘g7 ‘onel prezey Y4 ‘Bnip oiewnsyliue BulALIpow-asessip ‘G& VNG [eAlslul 8dUspIIU0D YD

N wN LvT Ly1'9T ore 9€TT 1S219JU1 JO UOIFEDIP3W ON
20URIBJY 30URIBNY 7’91 208t 962 6STT QdVINQ ON
(TT'1'8Y°0) 2L°0 (62'1'26'0) 62T ¥'02 €161 6¢ €12z a¥ving
90UdI9jay RV TN L'VvT €9/'/T 29¢ 6STT P10431S0311109 |el0 ON
(S6'T'89°0) ST'T (e52'2T'T) 89T 0've 0voT 14 8eT 01>
(9€'2'08°0) LE'T (Le'€'8eT) 9T 8'62 L€9 6T eeT 02-0T
(€0 '09°T) ¥5'C (555 '89°¢) 98°€ €95 GG 62 81T 0z<
P%EOEV P10.8]S0211102 [eI0
snsojewsaylAia sndnj o1wLISAS
N wN '8 2L8'07E 0582 8.6'TC 1S913)U1 JO UOIEDIPAW ON
aoualejey ERIEETEN €8 Z0T'9.€ 9TTE 690°CC / SUOHEIPSL BUILASE 19410 ON
(1€'7'29°0) 060 (09'7'92°0) 0T'T €6 €682 1z e 4 SUOHEDIPSL BLUISE JOUIO
ouaIRgay 30UdIBJY €8 ¥08'T.LE 260¢€ €90'2C 131J1POLL BUBLOMNB| ON
(60'T '29'0) 28°0 (8T'T '89'0) 68°0 TL T6TL 15 16 JayIpow susLioxna
aouaIRgey aouaIegey €8 0zv'29€ r0€ 090'22 UOITRUIGUIOD PIOJBISOILHIO Pajeyul pue YEY 1 10 YaVY T ON
(T2'1'18'0) 660 (82°T'98'0) S0'T 98 9.G'TT 66 €TLT UOIJeUIGUIOD PIOISISOIILIOI Pafeyul pue YEY 110 vav T
ouaIRgey ouIByRY 7’8 VAN 210 €50'2e PI0J3}S00110 pajeyul ON
(c0'T'2L0) 580 (€0'T'€L'0) 80 89 T/2'€6T €T 62€€ PI0J31S0911102 Pafeyu]
ERIIEIETEN| ERIIEIETEN| €8 €G0'G/E 60TE 11022 P1048)S021109 [eI0 ON
(9T°€ '29'0) OV'T (56'€'6L°0) LL'T 6'¢T - - - 01>
(c0z'190) 9T'T (812 '2L0) ST 8'6 - - - 02-0T
(¥€'1'75°0) §8°0 (¥S'1'65°0) 560 TL 15¢ez 91 26T 0z<

P%Emé P10.3]S0211109 [BIO

BuwIyISy

(12 %56):4H paisnlpy (1D %56) YH 9pNID  (429my00T Jad) s1ey  $3eam-U0sIad  UuIg Wielald u 6ET Aep [euoiyesab Ja)e a1nsodxa uoizeaIpaw Juapuadap-awL

(#2TT = u) snsorewayiAia sndnj o1walsAs pue (48022
= U) BUWIYISE YIIM UBWOM Buowre yuig wislald pue gET Aep Jeuoieisab Jslje 1sa1sul JO SUOITedIpall J8yl0 pue SpI0.Ja1S0d11I0d [0 UsaMIaq UoIRID0SSY

‘A31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2022 January 01.



Page 27

Palmsten et al.

'0pT Aep pue dIAT ussmiag sisoubelp 3S Ue ylim suoissiwpe juairedul Aue pue suoissiwpe jusiedul

Aue ‘sisoufelp 31S Ue yum S)ISIA Juaiiedino pue ‘sysIA Juawiredap Aouafiawa ‘sHsIA Jusiredino Jo Jaquinu ‘OpT Aep pue diAT usamiag sayING pue sdnoib A1o1oalel) asop aAe|NWNG PI0JalS0dIL0d [el0
‘sisouelp uoisusuadAy ‘sisoubelp yifeay [eiusw pue ‘Aljigesip uo paseq Aujiqibija preaips|n ‘Aoueubaid Burinp Buisows ‘xapul ssew Apog Aoueubaidaid ‘uonieisab [eleyninw ‘Alsedijnu ‘uoreanps ‘Aoiuyie
/aoe. ‘abie [eularew ‘1eak AlaAljap ‘1salsiul Jo suolealpaw 1o} paisnipe Ajjemnw (37S) snsorewayiAle sndnj o1walsAs 10y ¥H "OpT Aep pue dIAT Usamiaq sisoubelp ewuyise ue yim suolssiwpe jusiedul

Aue pue suoissiwpe Juaiedul Aue ‘sBuisusdsip 1siuoBe-g Bunoe-uoys pue ‘sisoubelp ewyise ue Yim sisiA uswiedsp AousBiaws ‘sisoubelp ewuyise ue Yim sisiA jusizedino ‘sysiA uswinedsp Aoushiawa
‘S)ISIA Juairedino Jo Jaquinu ‘v T Aep pue (dIANT) poriad fensisuaw ise| usamiaq sisiuobe-g Bunoe-1ioys Buipnjoxa suoIedIpawl ewylSe JaYl0 PUB ‘SIaIIPOW SUSLI0NN3]| ‘SUOIBUIGUIO PI0JaIS02[1I09 pajeyul
pue gy 10 gy ‘Spl0Js1sodiniod pajeyul ‘sdnoif A1o1oalel) asop aAleINWND PI0Js}S091LI0d [el0 ‘sisoubelp uoisuanadAy ‘sisoubelp yijesy [elusw pue ‘Aljigesip uo paseq Aujiqibifa preoipaN ‘Aoueubaid
Burinp Burjows ‘xapul ssew Apoq AoueuBaidald ‘uonelsab [erapninw ‘Aitedijinu ‘uoieanpa ‘A1o1uyle/adel ‘abe [eulsrew ‘Jeak AJanljap ‘1Sa1alul JO SUOITedIpaW 1o} paisnipe Ajjeninw ewyise 1oy m_._n

'sisiuoBe-g Bunoe-1ioys _“,E_ﬁs_oxm_aN

"350p JUajeAINDa BUOSIUPaId
¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 January 01.

J Allergy Clin Immunol Pract. Author manuscript.



	Abstract
	METHODS
	Data source and study population
	Outcome
	Exposure
	Exposure modeling
	Statistical analysis

	RESULTS
	Cohort and trajectory group characteristics
	OCS earlier in pregnancy and PTB
	OCS later in pregnancy and PTB
	Exploratory analyses

	DISCUSSION
	ONLINE REPOSITORY
	METHODS
	Exposure modeling
	Additional covariates


	References
	FIGURE 1.
	FIGURE 2.
	FIGURE 3.
	TABLE I.
	TABLE II.
	TABLE III.
	TABLE IV.
	TABLE V.



