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Abstract
Objective
Epidemiologic studies evaluating associations between specific arthritis medications and perinatal outcomes are limited.
We evaluated the association between conventional synthetic DMARD (csDMARD) use among women with rheumatic
disease (RD) and neonatal outcomes.

Methods
We linked population-based data in British Columbia, Canada from 01/01/2002 to 12/31/2012 on all inpatient/outpatient
visits and medications with a perinatal registry. For small-for-gestational-age (SGA) births, we assessed csDMARD
exposure 90 days preconception or during pregnancy until date of delivery. For congenital anomalies, we determined
csDMARD exposure 90 days preconception or during the first trimester. We used multivariable logistic regression
models fitted with generalised estimating equations and calculated post-hoc power.

Results
There were 185 pregnancies in 175 women (31.3+5 4 years) and 6,064 pregnancies in 4,387 women (31.1+5.4 years)
in the csDMARD exposed and unexposed groups, respectively. Hydroxychloroquine, azathioprine, sulfasalazine, and
methotrexate exposure before or during pregnancy were not associated with SGA births. The most sufficiently powered
analyses were those for hydroxychloroquine, where exposure during pregnancy resulted in an adjusted odds ratio (aOR)
of 1.12 (95% confidence interval [CI], 0.65—1.94) for SGA births. Although post-hoc power calculations indicate less
power to detect associations between csDMARDs and congenital anomalies, results indicate methotrexate exposure
during the first trimester is associated with elevated odds for congenital anomalies (aOR 6.58, 95% CI 1.15-37.75).

Conclusion
Findings are consistent with current guidelines regarding specific csDMARD use during the perinatal period for women
with RD. It is important to report well-designed epidemiologic studies to facilitate future RD/csDMARD-specific
meta-analyses.
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Introduction

Rheumatic diseases (RD) are a group
of chronic inflammatory conditions,
including systematic lupus erythemato-
sus (SLE) (1) and rheumatoid arthritis
(RA) (2), that are more prevalent among
women than among men (3) and often
striking during childbearing years (4).
Biological processes occurring during
pregnancy, including immune and endo-
crine changes, contribute to clinical and
therapeutic challenges in RD (2, 5), as
autoimmunity may impact every aspect
of pregnancy, including maternal com-
plications and neonatal outcomes (6).
Managing RD during pregnancy with
medications commonly used across dis-
eases, including conventional synthetic
disease modifying anti-rheumatic drugs
(csDMARDs; e.g. hydroxychloroquine,
methotrexate) and targeted DMARDs
(e.g. biologics), has been a longstand-
ing therapeutic challenge, particularly
with historically limited guidance on
the perinatal use of certain agents. Sig-
nificant advancements in the field in-
clude recent evidence on the perinatal
impacts of these medications, particu-
larly biologics (7-10), as well as guide-
lines by the European League Against
Rheumatism in 2016 (11), the British
Society for Rheumatology and British
Health Professionals in Rheumatology
in 2016 (12, 13), and the American Col-
lege of Rheumatology (ACR) in 2018
(14). However, the moderate quality of
evidence for some of these recommen-
dations, particularly for ¢csDMARDs,
which may be used more frequently
during pregnancy than biologics (9),
highlights a continued need for well-
designed studies to strengthen the evi-
dence base. It is also important to report
RD-specific and/or csDMARD-specific
risk estimates (e.g. odds ratios [OR]
and 95% confidence intervals [CI]) on
the association between perinatal use
of these medications with maternal and
neonatal outcomes, which has not been
consistently done in prior studies (15).
Thus, our objective was to evaluate
the association between perinatal csD-
MARD use among women with RD and
adverse neonatal outcomes, specifically,
small-for-gestational-age (SGA) births
and congenital anomalies, which repre-
sent leading causes of infant morbidity.

Materials and methods

Data sources

We linked three administrative health
data holdings in British Columbia
(BC), Canada, namely Population Data
BC (16), PharmaNet (17), and the BC
Perinatal Database Registry (BCPDR)
(18), to create a population-based preg-
nancy cohort. Specifically, Population
Data BC captures individual-level, de-
identified, longitudinal data on health
services for the provincial population
(estimated 4.7 million residents) in-
cluding outpatient visits (e.g. to general
practitioners, rheumatologists) in the
Medical Services Plan database (MSP)
(19, 20), hospital admissions in the Dis-
charge Abstract Database (DAD) (21),
and vital statistics since 1985 (22, 23).
PharmaNet captures complete informa-
tion on all drug prescriptions dispensed
including drug identification number,
dispensation date, dispensation quan-
tity, dosage, and duration since 1996
(17). Finally, the BCPDR contains data
from obstetrical and neonatal medical
records on ~99% of births in BC from
over 60 hospitals as well as home births
attended by registered midwives since
2002 (18). This registry facilitates the
establishment of precise timing of peri-
natal medication exposures for phar-
macoepidemiologic research (24) by
providing data on pregnancy start date
(date of conception), which is derived
from recommended algorithms for es-
tablishing gestational age using first
ultrasound and then, start date of last
menstrual period and newborn clinical
exam (25). Data across the three data
holdings for mothers and babies were
linked using provincial health numbers,
which were replaced with scrambled
identifiers to anonymise the data (online
Supplementary Fig. S1). We then cre-
ated a source population that included
women (n=305,351) with pregnancies
(n = 449,098) ending in delivery (live-
births and stillbirths) between January
Ist, 2002 and December 31st, 2012
covered by the BC provincial health
plan 24 months prior to and 12 months
post-delivery. The requirement for con-
tinuous health plan coverage was to
ensure capture of all relevant data for
the women and their pregnancies in this
source population.

1081



DMARDSs and SGA births and congenital anomalies / A. Howren et al.

Study cohort

From the source population, we created
an RD pregnancy study cohort that in-
cluded women with RA, systemic auto-
immune rheumatic diseases (SARDs),
and other RD including ankylosing
spondylititis (AS), psoriatic arthritis
(PsA), and juvenile idiopathic arthritis
(JIA) (see online Suppl. Table S1 for
International Classification of Diseases
[ICD] codes). As with prior studies,
pregnancies among women with RD
were included if, any time prior to the
date of conception, they met the criteria
of having two ICD-9 codes from two
separate outpatient physician visits at
least 60 days apart in MSP and within
two years of each other, or at least one
hospitalisation with an ICD-10 code in
the DAD for RD of interest (7, 8). As
the unit of analysis was individual preg-
nancy, each pregnancy had to satisfy
the above criteria to be included.

Exposure ascertainment

Using drug identification numbers in
PharmaNet, we identified csDMARDs
including antimalarials (hydroxychlo-

roquine, chloroquine), azathioprine,
cyclosporine, cyclophosphamide, leflu-
nomide, methotrexate, minocycline,

mycophenolate mofetil, and sulfasala-
zine. We defined exposure in pregnan-
cies among women with RD if at least
one prescription has been filled during
perinatal windows of interest — pre-
conception and during pregnancy — for
each study outcome. For both SGA and
congenital anomaly outcomes, the pre-
conception window of interest was 90
days prior to the date of conception. For
SGA, the pregnancy window of interest
was calculated from the date of concep-

tion to the date of delivery. For con-
genital anomalies, this was calculated
from the date of conception to 90 days,
that is, end of the first trimester (Fig. 1).
Unexposed groups comprised pregnan-
cies in women with RD without filled
prescriptions for csDMARDs during
aforementioned perinatal windows of
interest.

Outcome ascertainment

We assessed two neonatal outcomes:
SGA births and congenital anomalies.
SGA was identified using ICD 9/10
codes (764.0, 764.1, 7650, 765.1,
P05.0, P05.1, P07.0-P07.3) in either
MSP, DAD, or as a newborn weigh-
ing less than the 10™ percentile of ges-
tational age- and sex-specific weights
for neonates in BC using birth weights
recorded in the BCPDR(26). Congeni-
tal anomalies were identified using the
congenital anomaly variable from the
BCPDR, which is a binary (yes/no) in-
dicator of observable anomalies that oc-
curred at birth.

Covariates

We considered potential confound-
ers, including maternal and pregnancy
characteristics, maternal comorbidities,
other medication use, and healthcare
utilisation. Maternal and pregnancy
characteristics spanned maternal age
at delivery (continuous), parity (primi-
parous or multiparous), neighborhood
income quintile (based on postal code),
body mass index (BMI) at first ante-
natal visit (normal: <25, overweight:
25-29.9, obese: =30 kg/m?), and prior
adverse pregnancy outcome (binary
outcome capturing premature delivery,
spontaneous abortions, neonatal death,

stillbirth, low birth weight, or congeni-
tal anomalies in previous pregnancy
as captured in the BCPDR). Maternal
comorbidities, defined using ICD9/10
codes in MSP and DAD, included anxi-
ety, depression, and diabetes (see Suppl.
Table S2 for ICD codes). Other medica-
tion use — defined in the 90-day period
before pregnancy and during pregnan-
cy — included biologics, glucocorticos-
teroids, antidepressants, anxiolytics,
traditional and COX-2 non-steroidal
anti-inflammatory drugs (NSAIDs).
Finally, healthcare utilisation variables,
considered markers of disease severity
and health status, included number of
admissions before conception and num-
ber of outpatient visits (to rheumatolo-
gists and non-rheumatologists) during
pregnancy assessed using Population
Data BC holdings. We also considered
healthcare utilisation variables captured
in the BCPDR including number of an-
tenatal outpatient visits and admissions
during pregnancy.

Statistical analysis

The unit of analysis was pregnancy.
We calculated summary statistics to
describe characteristics of the study
cohort. We used logistic regression
models fitted with generalised estimat-
ing equations (GEE) that accounted
for multiple pregnancies per mother, to
calculate ORs and 95% ClIs for the as-
sociation between csDMARDs use pre-
conception and during pregnancy and
the study outcomes of SGA and con-
genital anomalies. Although we consid-
ered all csDMARDs routinely used in
RD management, we could only obtain
drug-specific ORs and 95% CIs where
there were sufficient exposures to al-

Date of conception

Date of delivery

Before pregnancy During pregnancy
| 3 months 15t trimester I 2rd trimester I 31 trimester I
| | | | |
SGA csDMARD exposure window
Congenital anomalies csDMARD exposure window

Fig. 1. Perinatal exposure windows of interest for study outcomes.
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low convergence of statistical models.  Table I. Characteristics of pregnant women with rheumatic disease exposed and unexposed
Multivariable models were adjusted for ~ to csSDMARDs preconception and during pregnancy.
aforementioned maternal and pregnan-

L o Characteristics Exposed to Unexposed to
cy characteristics, maternal comorbidi- ¢sDMARDSs ¢sDMARDSs
ties, other medication use, and health- n (%) n (%)
care utilisation. For sensitivity analyses, 175 women 4,387 women

we used information on csDMARD ex- 185 pregnancies 6,064 pregnancies

posure-specific sample sizes before and  Rheumatic disease type

during pregnancy and the proportion af- Rheumatoid arthritis 94 (50.8) 1,470 (24.2)

fected by each outcome in the reference Systemic autoimmune rheumatic diseases 62 (33.5) 882 (14.5)
Other rheumatic diseases™ 29 (15.7) 3,712 (61.2)

category of no exposure, to compute the Maternal and pregnancy characteristics

post-hoc power of detecting ORs of 1.5 BMI (at first antenatal visit)

and 2.0 at the alpha-level of 0.05 in the Normal 142 (76.8) 4,449 (73.4)

multivariable models. We conducted all Overweight 29 (15.7) 960 (15.8)

. .. Obese 14 (7.6 655 (10.8
analyses using SAS statistical software Parity e .
v. 9.4 (SAS Institute, Cary, North Caro- Primiparous 81 (43.8) 2477 (40.8)
lina). This study was approved by the Multiparous 104 (56.2) 3,587 (59.2)
University of British Columbia, Behav- Age at delivery (mean (SD)) 31354 311G
. . Gestational weeks at delivery (mean (SD)) 374 (3.3) 38.5 (2.1)
ioural Research Ethics Board. Caeserean section delivery 58 (31.4) 1992 (32.9)
Prior adverse pregnancy outcome
Patient and public involvement Prior preterm delivery 20 (10.8) 339 (5.6)
. Prior spontaneous abortion 47 (25.4) 1,594 (26.3)
This StU(.i}./ was supported by ’meml?ers Prior neonatal death <5 37 (0.6)
of Arthritis Research Canada’s Patient Prior stillbirth 9 (49) 70 (1.2)
Advisory Board which provided feed- Prior low birth weight 10 (54) 178 (2.9)
back and a letter of support for the Prior congenital anomaly <5 53 (0.9)

original grant submission. They also Neighbourhood income quintile

o . . 20th percentile 46 (24.9) 1,320 (21.8)
facilitated the presentation of this re- 40th percentile 46 (24.9) 1215 (20.0)
search through public forums. 60th percentile 33 (17.8) 1,298 (21.4)

80th percentile 39 (21.1) 1,269 (20.9)
80-100th percentile 21 (11.4) 962 (15.9)

Results . Maternal comorbidities
The study cohort comprised 4,562 Depression 11 (6.0) 271 (4.5)
women with RD contributing to 6,249 Anxiety 17 .(92) 594 (9.8)
Diabetes <5 95 (1.6)

pregnancies, of which 185 (3.0%) preg-

Medication use

nancies were exposeq to at leas.t one cs- csDMARD use ¥
DMARD preconception or during preg- Hydroxychloroquine 114 (61.6)
nancy (Table I). Among the pregnancies Sulfasalazine 44 (238)
exposed to csDMARDs, the most com- Methotrexate 24 (13.0)
. . . Azathioprine 23 (12.4)
mon diagnosis pre-conception was RA Leflunomide <5
(50.8%), followed by SARDs (33.5%) Other DMARD:s 5 (2.7)
and other RD (15.7%). Conversely, Other medication use'
. . Biologics 7 (3.8) 33 (0.5)
other forms of RD, including AS, JIA, Glucocorticosteroids 82 (44.3) 446 (74)
and PsA, were the predominant diagno- Traditional NSAIDs 83 (44.9) 1,127 (18.6)
ses (61.2%) among pregnancies unex- Cox-2 inhibitors 14 (7.6) 179 (3.0)
posed to csDMARDs. Over half of the Antidepressants 25 (13.5) 617 (10.2)
regnancies were multiparous (56.2% Anxiolytics 23 (124 340 8.9)
preg p 70 Maternal healthcare utilisation
csDMARDs exposed, 59.2% unex- Number of admissions before pregnancy (mean (SD)) ¢ 0.3 (0.7) 0.3 (0.6)
posed). Of the pregnancies exposed Number of outpatient visits during pregnancy (mean (SD)) **  17.7 10.5) 11.8 (11.3)
to csDMARDs, most were exposed to Number of rheumatologists’ yisits fjl.lriﬂg pregnancy (mean (SD)) #+ 2.2 (2.8) 04 (1.2)
Number of antenatal outpatient visits (mean (SD)) ¥ 8.8 (4.9) 9.0 (3.9)

hydroxychloroquine (61.6%), followed
by sulfasalazine (23.8%), methotrex-
ate (13.0%), and azathioprine (12.4%). #other includes JIA, AS, and Ps/PsA. *percentages do not add to 100 as each pregnancy can be exposed
Prescriptions for leflunomide and other to more than one category of csDMARDs. ¢ other csDMARDs include gold, cyclosporine, cyclophos-

phamide, penicillamine, mycophenolate, chlorambucil, minocycline. " other medication use during 90
CSD.MARD.S were rar;ly filled over the days preconception and/or during pregnancy. Y number of hospital admissions before pregnancy as-
perinatal windows of interest (<3%); as  sessed in the year before conception using Discharge Abstract Database. ** number of outpatient (any
such, analyses focused on hydroxychlo-  doctor) and rheumatologists’ visits assessed during pregnancy using Medical Services Plan database.
Snumber of antenatal outpatient visits and number of antenatal admissions obtained from BC Perinatal
Database Registry.

Number of antenatal admissions (mean (SD)) * 0.3 (0.6) 0.2 (0.6)

roquine, sulfasalazine, methotrexate,
and azathioprine.
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Table II. Association between exposure to csDMARDs before and during pregnancy and SGA births.

Hydroxychloroquine

OR (95% CI)

Sulfasalazine
OR (95% CI)

Methotrexate
OR (95% CI)

Azathioprine
OR (95% CI)

1: Model(s) with only csDMARD exposure
c¢sDMARD exposure before pregnancy
c¢sDMARD exposure during pregnancy

2: Multivariable model(s)
csDMARD exposure before pregnancy
c¢sDMARD exposure during pregnancy
Rheumatoid arthritis (vs. other RD)
SARDs (vs. other RD)

Multiparous (vs. nulliparous)

Prior adverse pregnancy outcomes
Age at delivery

BMI overweight (vs. normal)

BMI obese (vs. normal)
Neighbourhood income quintile
Anxiety

Depression

Diabetes

Biologics ®

Other csDMARD ¥
Glucocorticosteroids ©

Traditional NSAIDs ¢

Cox-2 inhibitors ©

Antidepressants ®

Anxiolytics ¢

Number of admissions before pregnancy
Number of outpatient visits during pregnancy

Number of rheumatologist visits during pregnancy

Number of antenatal outpatient visits
Number of antenatal hospital admissions

2.52 (1.26,5.06)
1.97 (1.19,3.28)

158 (0.76,3.25)
1.12 (0.65,1.94)
125 (1.05,1.50)
159 (1.30,1.95)
0.53 (0.45,0.61)
137 (1.17,1.61)
1.02 (1.00,1.03)
0.78 (0.63,0.97)
0.72 (0.55,0.93)
0.94 (0.89,0.99)
0.96 (075, 1.24)
0.77 (0.53, 1.11)
145 (0.86,2.43)
120 (0.53,2.71)
1.05 (0.75, 1.46)
147 (1.16,1.87)
1.11 (0.93,1.34)
0.71 (0.46,1.09)
092 (0.72,1.18)
106 (0.82,137)
0.99 (0.88,1.12)
1.02 (1.01,1.02)
1.04 (0.98,1.09)
0.92 (0.90,0.94)
124 (1.12,1.38)

1.70 (0.56,5.17)
1.78 (0.71,4.45)

107 (0.33,3.44)
103 (0.40,2.70)
125 (1.05,1.50)
159 (130, 1.95)
0.53 (0.45,0.61)
137 (1.17,1.61)
102 (1.00,1.03)
0.78 (0.63,0.97)
0.71 (0.55,0.93)
0.94 (0.89,0.99)
096 (0.75,1.24)
0.77 (0.53,1.11)
144 (0.86,2.42)
120 (0.53,2.71)
1.13 (0.85, 1.49)
148 (1.16,1.88)
1.12 (0.93,1.34)
0.70 (0.46,1.08)
092 (0.72,1.18)
107 (0.83,1.38)
0.99 (0.88,1.11)
102 (1.01,1.02)
104 (0.98,1.09)
0.92 (0.90,0.94)
124 (0.12,1.38)

1.27 (0.36,4.43)
4.45 (0.99,19.91)

1.11 (0.31,3.97)
1.73 (0.35,8.51)
125 (1.05,1.50)
1.60 (1.31,1.95)
0.53 (0.45,0.62)
137 (1.17,1.61)
1.02 (1.00,1.03)
0.78 (0.63,0.96)
0.72 (0.55,0.93)
0.94 (0.89,0.99)
0.96 (075, 1.24)
0.77 (0.53, 1.11)
144 (0.86,2.42)
122 (0.54,2.74)
1.10 (0.83,1.45)
147 (1.16,1.87)
1.11 (0.93,1.34)
0.71 (046, 1.09)
092 (0.72,1.18)
1.07 (0.83,1.38)
0.99 (0.88,1.11)
1.02 (1.01,1.02)
1.04 (0.98,1.09)
0.92 (0.90,0.94)
124 (1.12,1.38)

2.56 (0.66,9.90)
6.96 (2.33,20.75)

171 (0.41,7.19)
2.68 (0.81,8.85)
125 (1.05,1.50)
158 (1.29,1.93)
0.53 (0.45,0.62)
137 (1.17, 1.60)
1.02 (1.00,1.03)
0.77 (0.62,0.96)
0.72 (0.55,0.93)
0.94 (0.89,0.99)
0.96 (075, 1.24)
0.77 (0.53, 1.11)
145 (0.86,2.44)
1.18 (0.52,2.68)
1.11 (0.85, 1.46)
145 (1.14,1.84)
1.12 (0.93,1.34)
0.71 (0.46, 1.08)
092 (0.72,1.18)
1.07 (0.83,1.38)
0.99 (0.88,1.12)
1.02 (1.01,1.02)
1.03 (0.98,1.09)
0.92 (0.90,0.94)
124 (1.12,1.38)

*Use of other medications was assessed in the preconception period and during pregnancy. *Other refers to all csDMARDs aside from the drug exposure

being evaluated.

OR: odds ratio; CI: confidence interval; csDMARD: conventional synthetic disease-modifying anti-rheumatic drugs; RD: rheumatic diseases; SARD: systemic

autoimmune rheumatic disease.

SGA births

From 6,249 pregnancies, we recorded
904 (14.5%) infants born SGA. SGA
births were observed among 12 of 38
(31.6%) pregnancies exposed to hy-
droxychloroquine before pregnancy
and 21 of 81 (25.9%) exposed during
pregnancy. Fewer SGA births were ob-
served among pregnancies unexposed
to hydroxychloroquine before pregnan-
cy (892/6,211, 14.4%) and during preg-
nancy (883/6,168, 14.3%). Unadjusted
ORs for the association between hy-
droxychloroquine use and SGA births
for exposures 90-days preconcep-
tion and during pregnancy were 2.52
(95% CI, 1.26-5.06) and 1.97 (95%
CI, 1.19-3.28), respectively (Table II).
The multivariable models attenuated
the ORs describing this association for
exposure preconception (adjusted OR
[aOR] 1.58; 95% CI, 0.76-3.25) and
during pregnancy (aOR 1.12; 95% CI,
0.65—1.94) (Table II). Post-hoc calcula-

1084

tions show power to detect ORs of 1.5
and 2.0 for hydroxychloroquine expo-
sure before conception was 0.28 and
0.67 and during pregnancy was 0.45
and 0.91 in our multivariable analyses.
The multivariable model found an in-
verse association with multiparity and
odds of SGA births (aOR 0.53; 95%
CI, 0.45-0.61) and several factors sig-
nificantly associated with higher odds
of having an SGA birth including a
history of adverse pregnancy outcome
(aOR 1.37; 95% CI, 1.17-1.61) and a
diagnosis of RA (aOR 1.25; 95% CI,
1.05-1.50) or SARDs (aOR 1.59; 95%
CI, 1.30-1.95), as compared to other
forms of RD. We also found that glu-
cocorticosteroid use before or during
pregnancy was associated with up to
50% higher odds of having an SGA
birth (aOR 1.47; 95% CI, 1.16-1.87).
This association persisted when the pre-
conception (aOR 1.34; 95% CI, 1.02—
1.74) and pregnancy (aOR 1.53; 95%

CI, 1.03-2.27) windows were evaluated
separately.

Few pregnancies were exposed to
sulfasalazine, methotrexate, and aza-
thioprine either before or during preg-
nancy. Adjusted ORs for the associa-
tion between sulfasalazine exposure
before and during pregnancy and SGA
birth were 1.07 (95% CI, 0.33-3.44)
and 1.03 (95% CI, 0.40-2.70), respec-
tively (Table II). Post-hoc calculations
show power to detect ORs of 1.5 and
2.0 for sulfasalazine exposure before
conception was 0.18 and 0.43 and dur-
ing pregnancy was 0.22 and 0.54. For
methotrexate, adjusted ORs were 1.11
(95% CI, 0.31-3.97) before pregnancy
and 1.73 (95% CI, 0.35-8.51) during
pregnancy. Post-hoc calculated power
to detect ORs of 1.5 and 2.0 were 0.18
and 0.42 before pregnancy and 0.13
and 0.26 during pregnancy in multi-
variable models. Finally, adjusted ORs
for azathioprine exposure before and

Clinical and Experimental Rheumatology 2020
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first trimester and congenital anomalies.
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Hydroxychloroquine

OR (95% CI)

Methotrexate
OR (95% CI)

1: Model(s) with only csDMARD exposure
csDMARD exposure before pregnancy
c¢sDMARD exposure during first trimester

2: Multivariable model(s)

csDMARD exposure before pregnancy
c¢sDMARD exposure during first trimester
Rheumatoid arthritis (vs. other RD)
SARDs (vs. other RD)

Multiparous (vs. nulliparous)

Prior adverse pregnancy outcomes

Age at delivery

BMI overweight (vs. normal)

BMI obese (vs. normal)

Neighbourhood income quintile

Anxiety

Depression

Diabetes

Biologics ©

Other csDMARD ¥

Glucocorticosteroids ®

Traditional NSAIDs

Cox-2 inhibitorse

Antidepressants ®

Anxiolytics ®

Number of admissions before pregnancy
Number of outpatient visits during pregnancy
Number of rheumatologist visits during pregnancy
Number of antenatal outpatient visits
Number of antenatal hospital admissions

0.47 (0.06, 3.44)
2.90 (1.00,8.41)

0.40 (0.05,2.95)
2.74 (0.92,8.13)
0.78 (0.58,1.04)
1.06 (0.78,1.45)
0.75 (0.60,0.95)
1.09 (0.86, 1.40)
1.02 (1.00, 1.04)
0.95 (0.69, 1.30)
121 (0.86, 1.69)
1.02 (0.94,1.10)
0.77 (0.51,1.17)
0.59 (0.30,1.14)
1.06 (0.45,2.46)
135 (0.41,4.51)
0.88 (0.51,1.53)
106 (0.72,1.58)
122 (092, 1.61)
0.75 (038, 1.50)
137 (0.97,1.95)
1.07 (0.73,1.59)
0.87 (0.70, 1.08)
1.01 (1.00,1.02)
1.06 (0.98,1.15)
0.99 (0.96,1.02)
1.02 (0.86,1.21)

1.09 (0.14,8.23)
8.71 (1.59,47.72)

1.12 (0.15,8.59)
6.58 (1.15,37.75)
0.76 (0.57,1.01)
1.06 (0.77, 1.44)
0.76 (0.60,0.95)
1.09 (0.85,1.39)
1.02 (1.00,1.04)
0.95 (0.69, 1.30)
1.23 (0.88,1.72)
1.02 (0.94,1.10)
0.78 (0.52,1.19)
0.58 (0.30,1.14)
107 (0.46,2.48)
136 (0.41,4.51)
127 (0.83,1.94)
0.98 (0.66, 1.47)
1.18 (0.89,1.57)
0.74 (0.37, 1.48)
136 (0.96,1.93)
1.07 (0.72,1.58)
0.87 (0.70,1.08)
1.01 (1.00,1.02)
105 (0.97,1.14)
0.99 (0.96,1.02)
102 (0.85,1.21)

*Use of other medications was assessed in the preconception period and during pregnancy.

YOther refers to all sDMARD:s aside from the drug exposure being evaluated.

OR: odds ratio; CI: confidence interval, csDMARD: conventional synthetic disease-modifying anti-
rheumatic drugs; RD: rheumatic diseases; SARD: systemic autoimmune rheumatic disease.

during pregnancy and SGA birth were
1.71 (95% CI, 041-7.19) and 2.68
(95%, 0.81-8.85), respectively. Post-
hoc calculated power to detect ORs of
1.5 and 2.0 were 0.14 and 0.31 before
pregnancy and 0.16 and 0.36 in multi-
variable models.

Congenital anomalies

Of 6,249 pregnancies, there were 341
(5.5%) infants born with congenital
anomalies. Table III shows unadjust-
ed and adjusted ORs for the associa-
tion between hydroxychloroquine and
methotrexate — for which regression
models converged — and congenital
anomalies. Adjusted ORs for the as-
sociation between hydroxychloroquine
exposure before pregnancy and during
the first trimester and congenital anom-
alies were 040 (95% CI, 0.05-2.95)
and 2.74 (95% CI 0.92-8.13), respec-
tively. Post-hoc calculations show
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power to detect ORs of 1.5 and 2.0 as
0.25 and 0.61 for hydroxychloroquine
exposure before pregnancy and as 0.21
and 0.51 during the first trimester. With
respect to methotrexate, adjusted ORs
for the association between exposure in
the preconception period and during the
first trimester and congenital anomalies
was 1.12 (95% CI, 0.15-8.59) and 6.58
95% CI, 1.15-37.75), respectively
(Table III). Post-hoc calculations to
detect ORs of 1.5 and 2.0 ranged from
0.17 to 0.38 for methotrexate exposure
before pregnancy and 0.12 and 0.23 for
methotrexate exposure during the first
trimester.

Discussion

We used population-based administra-
tive health data to evaluate the asso-
ciation between perinatal csDMARD
exposure among women with RD and
adverse neonatal outcomes, specifically,

SGA and congenital anomalies. Within
our large cohort of 6,249 pregnan-
cies in 4,562 women with RD over 10
years, overall perinatal exposure to csD-
MARDs was low at 3.0%. Drug-specific
risk estimates from our study align with
guidelines regarding the compatibility
of hydroxychloroquine, sulfasalazine,
and azathioprine before and during
pregnancy, as well as the teratogenic ef-
fects of methotrexate (11, 12). However,
our post-hoc power calculations suggest
insufficient power to detect associations
between specific csDMARDs and out-
comes evaluated, with the exception of
hydroxychloroquine and SGA. None-
theless, given current limitations to un-
derstanding adverse perinatal outcomes
associated with csDMARD use among
women with RD, which include a
dearth of RD-specific and csDMARD-
specific risk estimates and insufficient
adjustment for the potential impacts of
underlying RD disease, it is important
to report these (15, 27-29). Moreover,
pooling risk estimates of studies that
involve comparator groups and apply
multivariable approaches may be the
best way to understand relationships
between specific csDMARDs and peri-
natal outcomes given that both expo-
sures and outcomes in this context are
relatively rare.

Among specific ¢csDMARDs evalu-
ated in the current paper, arguably the
most studied to date is hydroxychloro-
quine. A 2016 meta-analysis by Kaplan
et al. pooling findings of studies with
a comparator group included six stud-
ies (698 hydroxychloroquine exposed,
1,026 unexposed) that assessed major
congenital malformations and found
no significant increase in risk between
pregnancies exposed and unexposed to
hydroxychloroquine (pooled OR 1.13,
95% CI 0.59-2.17) (30). A study in-
cluded in this meta-analysis by Cooper
et al. involving analyses of claims data
for three US health plans and applica-
tion of propensity score methods to
control for confounding by indication
yielded a propensity score-adjusted rel-
ative risk of 3.11 (95% CI, 0.99-9.77)
(31). With no studies assessing the im-
pact of hydroxychloroquine on SGA,
we drew from findings on its impact on
the related outcome of low birthweight.
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Specifically, the same meta-analysis
by Kaplan er al. (30) pooled results
of two studies (32, 33) (110 HCQ ex-
posed, 189 unexposed) to find no sig-
nificant difference in the rate of low
birth weight babies exposed to HCQ
as compared to those unexposed (OR
0.69,95% CI1 0.21-2.27).

In contrast to hydroxychloroquine,
the number of prior studies involving
comparator groups is far more limited
for methotrexate, azathioprine, and
sulfasalazine. We identified one 2014
study by Weber et al. (34) that included
a disease-matched comparator group
adjusted using propensity score meth-
ods and assessed methotrexate expo-
sure (before conception/first trimester)
among women with autoimmune dis-
ease (n=324 exposed). Authors report-
ed no significant effect of methotrexate
exposure on mean birth weight or ges-
tational age, and similar to our findings
there was an increased odds for major
birth defects among women with auto-
immune disease exposed to methotrex-
ate post-conception when compared to
women without autoimmune disease
(aOR 3.1, 95% CI 1.03-9.5), but this
estimate attenuated when compared
to disease-matched controls (aOR 1.8,
95% CI 0.6-5.7) (34). With regard to
azathioprine, in 2007, Langagergaard et
al. (35) used population-based admin-
istrative databases in Denmark that in-
cluded 76 pregnancies, and while they
did not evaluate SGA, they reported
unadjusted relative risks of 5.6 (95%
CI, 3.5-9.1) for preterm birth (gesta-
tional age <37 weeks) and 3.0 (95%
CI, 0.7-12.4) for low birthweight at
term (<2500 grams at =37 weeks). In
addition, using data from the Swedish
Medical Birth Register in 2009, Cleary
et al. (36) studied outcomes associ-
ated with azathioprine use among 476
women with autoimmune disease, of
which 300 had a diagnosis of IBD, and
reported an adjusted OR of 1.83 (95%
CI, 1.02-3.28) for SGA. The aforemen-
tioned studies on azathioprine did not
provide RD-specific outcomes and risk-
estimates, thus highlighting the impor-
tance of studies such as ours. Finally,
studies on sulfasalazine that include a
comparator group are limited (37) and
have previously not used population-
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based administrative data to evaluate
associations between sulfasalazine use
during pregnancy and SGA births.

Our study strengths include data on
date of conception and data for all
dispensed prescriptions regardless of
funding source, which address chal-
lenges of pregnancy dating and the
importance of establishing precise
timing of medication exposures dur-
ing pregnancy. Importantly, our study
provides data on perinatal outcomes
associated with specific ¢csDMARDs
among women with RD, given that
prior studies have largely included
women with IBD. Furthermore, mul-
tivariable approaches accounted for
multiple pregnancies in women with
RD and adjusted for the potential im-
pacts of underlying RD by using vari-
ables such as concomitant medications
and healthcare utilisation as markers
of disease severity and health status.
An inherent limitation of administra-
tive data is diagnostic uncertainty as
they are not collected for research pur-
poses. However, we used a previously
described algorithm for identifying RA,
SLE, and AS in administrative data in
BC (38-40). Despite a large source pop-
ulation of all pregnancies in the prov-
ince of BC and a large RD cohort, the
main limitation of our study is the rela-
tively small sample sizes of the analytic
cohorts due to rare exposures and rare
outcomes. While we could not mitigate
this limitation, we conducted post hoc
power calculations for all analyses to
inform our reporting.

Altogether, evaluation of perinatal ex-
posure to csDMARDs — namely, hy-
droxychloroquine, sulfasalazine, aza-
thioprine, and methotrexate — among
women with RD and risk of adverse
neonatal outcomes yielded no-statis-
tically significant risk estimates, aside
from methotrexate exposure during the
first trimester of pregnancy which was
associated with increased odds for con-
genital anomalies. While most analyses
were underpowered, we emphasise the
continued need for well-designed stud-
ies that involve a comparison group
of non-exposed women/pregnancies,
control for the effect of underlying dis-
ease, and report csDMARD-specific
estimates.
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