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Medication use among pregnant women with
systemic lupus erythematosus and general
population comparators
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Abstract

Objective. The aim was to characterize SLE medication trends before, during and after pregnancy and to
compare other commonly used medications during SLE pregnancies with non-SLE pregnancies.

Methods. Women with pregnancies ending in live birth or stillbirth were identified from the Swedish
Medical Birth Register (2006-12). National registers were used to identify women with prevalent SLE
during pregnancy and a sample without SLE and to identify prescription medications dispensed from 3
months pre-pregnancy until 6 months postpartum. We reported the prevalence of DMARDs, systemic CSs
and NSAIDs (aspirin reported separately) in SLE pregnancies. We calculated prevalence estimates of other
medications that were dispensed during pregnancy to > 5% of SLE pregnancies and for the same medi-
cations among non-SLE pregnancies.

Results. There were 483 pregnancies among women with SLE and 5723 pregnancies among women
without SLE. In SLE pregnancies, 49.3% had one or more dispensing for DMARDs during pregnancy; the
prevalence was 48.0% for CSs, 40.8% for aspirin and 6.0% for other NSAIDs and varied by pregnancy
period. The prevalence of common medications among SLE pregnancies was 1.2- to 20-fold higher than
among non-SLE pregnancies; for example, dalteparin (20.9 vs 1.0%), paracetamol (18.2 vs 2.9%) and
levothyroxine (15.9 vs 4.9%).

Conclusion. In nearly half of SLE pregnancies, women were dispensed DMARDs and CSs. Commonly
used medications in SLE pregnancies had far higher prevalence estimates compared with non-SLE preg-
nancies. Research regarding benefits and risks of commonly used medications on SLE pregnancies,
breast milk and long-term outcomes for offspring is needed.

Key words: systemic lupus erythematosus, pregnancy, medication, glucocorticoids, disease-modifying anti-
rheumatic drugs

Rheumatology key messages

o Pregnant women with SLE are commonly dispensed medications.
o Nearly half of lupus pregnancies in Sweden used DMARDs, CSs or aspirin.
e Many medications besides DMARDs are used more often in SLE pregnancies than in non-SLE pregnancies.

Introduction

The incidence of SLE is greatest among women of repro-
ductive ages [1]. Decisions regarding medication use
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during pregnancy are crucial for women with this multi-
system autoimmune disease. Treatment with immunosup-
pressants, CSs and NSAIDs during pregnancy may be
indicated to treat flares or to keep disease activity under
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control [2]. Other medications may also be used during
pregnancy to treat co-morbidities that are more
common among individuals with SLE (e.g. APS, hyperten-
sion and depression) [3, 4]. The most prevalent prescrip-
tion medications among pregnant women in general
include antibacterials and antihistamines [5], and these
may also be used commonly in SLE pregnancies.

There is limited information regarding medication use
among pregnant women with SLE. Most reports from
the past 15 years are based on a few hundred women
or less and are often from women who attended one
health-care centre, which limits generalizability [6-14].
Previous reports tended to focus on medications used
to treat SLE, including HCQ, AZA and CSs, and few ad-
dressed heparin or other medications [6, 8, 11, 13, 15].
There is limited information regarding the timing and tra-
jectory of medication use before, during and, especially,
after SLE pregnancies [7, 10, 11, 14, 16]. To our know-
ledge, no studies have compared medication use among
pregnant women with SLE vs women without SLE.
Besides rheumatologists, other physicians, including ob-
stetricians and general practitioners, prescribe medica-
tions for pregnant women with SLE. The spectrum of
commonly used medications among pregnant women
with SLE may not be apparent to their health-care pro-
viders. A more holistic approach to studying medication
use among pregnant women with SLE is needed to gain a
better understanding of the medication counselling needs
of women with SLE who are pregnant or are planning
pregnancy.

We used population-based health register data from
Sweden to address the limited information on medication
use among pregnant women with SLE. We identified the
most prevalent medications among SLE pregnancies,
characterized pre-pregnancy, pregnancy and postpartum
medication prevalence, and compared medication preva-
lence among SLE pregnancies with non-SLE pregnancies.

Methods

Study population

Women with pregnancies

Nearly all deliveries in Sweden (>98%) are captured by
the Medical Birth Register (MBR), which contains standar-
dized information on maternal health during pregnancy,
delivery and neonatal outcomes [5, 17]. Pregnancies
with a delivery date between 5 August 2006 and 31
December 2012 were included in this study. For most of
the study, the MBR captured births from 22 weeks ges-
tation onward. However, between 2006 and 1 July 2008,
stillbirths were included only if they occurred at 28 gesta-
tional weeks or later. Women could have multiple preg-
nancies captured during the study period.

Women with SLE

To identify women with SLE, we used the MBR and the
National Patient Register, which contains information from
hospitalizations since 1964, with complete nationwide
coverage beginning in 1987, and from hospital-based
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outpatient specialist visits since 2001. The first SLE diag-
nosis for women included in this study occurred in 1977.
Women were classified as having prevalent SLE during
each pregnancy if they had the following: (i) at least two
discharges from either inpatient or outpatient records with
diagnosis codes indicative of SLE [International
Classification of Diseases (ICD), Eighth, Ninth or Tenth
Revision, ICD-8 734.1, ICD-9 710.0 or ICD-10 M32],
excluding drug-induced lupus, and including at least one
SLE diagnosis from a department or specialist that typic-
ally diagnoses, treats or manages SLE (rheumatology,
dermatology, nephrology, internal medicine and paedia-
trics) and at least one SLE diagnosis before the beginning
of pregnancy; or (i) at least one SLE discharge diagnosis
from a department or specialist as described above and at
least one self-reported diagnosis of SLE in the MBR for
the current pregnancy. Using Swedish registers, it has
been shown that two inpatient or outpatient SLE diag-
noses, including one from a specialist, accurately identi-
fies women with SLE [18]. Similar case definitions yielded
prevalence estimates of ~100 SLE cases per 100000
women of child-bearing age in the Swedish registers,
which demonstrates face validity of the definition [19].

Women without SLE

Women without prevalent SLE during pregnancy were
identified from individuals who were sampled from the
Total Population Register as previously described [20].
Women without pregnancies or women with pregnancies
ending prior to 28 weeks (2006-07) or 22 weeks (2008-12)
were excluded.

Maternal and pregnancy characteristics

Maternal characteristics, including age, pre-pregnancy
BMI and parity, were obtained from the MBR as were
multiple gestation and gestational weeks at delivery.
Maternal diagnoses before or during pregnancy, including
asthma, chronic hypertension, type | or type Il diabetes,
mood disorders and APS, were obtained from the
National Patient Register any time before delivery. We
used a strict definition of APS (ICD-10 code D68.6: other
thrombophilia) and a broad definition of APS (ICD-10 code
099.1: Other diseases of the blood and blood-forming
organs and certain disorders involving the immune mech-
anism complicating pregnancy, childbirth and the puer-
perium). The date of the last menstrual period (LMP)
was obtained from the MBR. The LMP date was most
often estimated using prenatal ultrasound (89%); other-
wise, maternal report of the first day of the LMP was
used [21].

Medications

Prescribed drug register

The prescribed drug register, which was established in
July 2005, contains information on prescription medica-
tions dispensed outside of hospitals, including Anatomical
Therapeutic Chemical (ATC) classification code and date
of dispensing [22]. In Sweden, prescription drugs are pro-
vided free of charge above a specified high-cost threshold

www.rheumatology.oxfordjournals.org
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Medication use in lupus pregnancies

(SEK 2200 in 2014) [23]. Women were linked to the pre-
scribed drug register to identify prescription medications
dispensed in the 3 months before pregnancy until 6
months after pregnancy. No information is available on
i.v. infusions or medications obtained over the counter.
Timing

Women could have multiple dispensings for the same
medication within a pregnancy. The timing of dispensing
of medication was classified relative to the estimated date
of the LMP and the delivery date. We defined medication
prevalence as the proportion of pregnancies with at least
one dispensing date for medications of interest during
each of the following periods of interest: pregnancy,
LMP date until the day before the delivery date; pre-preg-
nancy, 94 days before LMP date until the day before the
LMP date; first trimester, LMP date until 93 days after the
LMP date; second trimester, 94 days after the LMP date
until 187 days after the LMP date; third trimester, 188
days after the LMP date until the day before the delivery
date; first postpartum, delivery date until 93 days after the
delivery date; and second postpartum, 94 days after the
delivery date until 187 days after the delivery date.

SLE-related medications

We reported the prevalence of medications used to treat
SLE across pregnancy periods among SLE pregnancies
according to medication name and class (i.e. DMARDs,
systemic CSs and NSAIDs, with aspirin reported separ-
ately). In addition to more commonly prescribed DMARDs
in SLE, such as AZA, MTX and HCQ, we searched for less
commonly prescribed DMARDs, such as LEF and SSZ
(see supplementary material Table S1, available at
Rheumatology Online, for the complete list). We stratified
the four classes by term and preterm deliveries (<37
weeks gestation). The working group on anti-rheumatic
drugs during pregnancy and lactation at the Fourth
International Conference on Sex Hormones, Pregnancy
and the Rheumatic Diseases published a recommenda-
tion in 2006 to continue HCQ during pregnancy [24].
Therefore, we conducted a secondary analysis to deter-
mine whether the prevalence of HCQ increased after the
recommendation. Specifically, we stratified the preva-
lence of HCQ and prednisolone, separately, dispensed
during pregnancy by early (2006-07) and late (2008-12)
study years. Prednisolone served as a control medication,
and we expected the prevalence of this medication to be
similar in early and late study years. We compared preva-
lence estimates in early and late years using x? tests.

Most commonly used medications
pregnancies

We identified medications or vitamins/supplements that were
dispensed during pregnancy to at least 5% of pregnancies
with SLE using fifth level ATC classification codes; the fifth
level identifies the chemical substance [25]. We calculated
the prevalence of these treatments among SLE pregnancies
and separately among pregnancies from the general popu-
lation. Then we used generalized estimating equations to
calculate prevalence ratios and 95% Cls accounting for

among SLE
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dependence among women with more than one observed
pregnancy [26]. In SLE pregnancies, we stratified prevalence
estimates by pregnancy periods. Finally, we identified medi-
cation or vitamins/supplement groups that were dispensed
during pregnancy to >5% of SLE pregnancies using the
fourth level of ATC codes; the fourth level identifies the
chemical/pharmacological/therapeutic subgroups [25]. We
reported prevalence estimates for fourth level groups that
did not have complete overlap with treatments identified
from the fifth level codes.

This project was approved by the Ethical Review Board of
Karolinska Institute (PROTOKOLL 2011/1:7) on 20 July 2011
and declared exempt by Stanford University and the
University of California, San Diego’s Institutional Review
Board. Results with five or fewer individuals were suppressed.

Results

Cohort characteristics

We identified 483 pregnancies from 391 women with
prevalent SLE and 5723 pregnancies from 4322 women
without SLE. There were nine women diagnosed with SLE
before the age of 16 years. SLE pregnancies had shorter
gestational duration on average than non-SLE pregnan-
cies (Table 1). Co-morbidities, including asthma, hyper-
tension, diabetes and mood disorders, were more
common among women with SLE than without SLE.
Between 5 and 15% of SLE pregnancies also had a diag-
nostic code related to APS.

SLE-related medications

In SLE pregnancies, 49.3% had one or more dispensing
for DMARDSs during pregnancy, 48.0% for CSs, 40.8% for
aspirin and 6.0% for other NSAIDs. The prevalence of
these medications varied by pregnancy period (Table 2).
The highest prevalence estimates were observed in the
postpartum periods with the exception of aspirin, which
was highest in the first and second trimesters. HCQ was
the most prevalent DMARD during pregnancy (36.4%),
followed by AZA (20.7%). The prevalence estimate for
HCQ was highest in the first trimester and during the
second postpartum period, whereas the prevalence esti-
mate for AZA prevalence was highest in the first and
second trimesters. There were no prescribed drug regis-
ter-registered biologic DMARDs dispensed during preg-
nancy. MTX dispensings during pregnancy were rare
and occurred in five or fewer individuals. There were no
dispensings for mycophenolic acid during pregnancy in
this cohort. Prednisolone was the most prevalent CS
during pregnancy (46.2%). The prevalence of HCQ
during pregnancy in 2008-12 was higher than in
2006-07 (39.1 vs 23.8%, P < 0.01), whereas the preva-
lence of prednisolone was similar in both time periods
(46.4 vs 45.2%, P=0.95).

In SLE pregnancies, 28% had no DMARD and no CS
dispensings during pregnancy. When considering the
three major SLE treatments, that is, HCQ, AZA and pred-
nisolone, 14% had dispensings for HCQ only during preg-
nancy, 2% had dispensings for AZA only, 17% had
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TaeLe 1 Maternal and pregnancy characteristics in

Maternal and pregnancy characteristics

women with and without SLE

With SLE, n=483 Without SLE, n=5723

Age, mean (s.n.), years
BMI, mean (s.p.), kg/m?
Gestational weeks at delivery, mean (s.p.)
Parity, n (%)

1

2

3

4 or more
Multiple gestation, n (%)
Asthma, n (%)
Hypertension, n (%)
Type | or type Il diabetes, n (%)
Mood disorder, n (%)
APS, strict definition, n (%)
APS, broad definition, n (%)

31.7 4.7) 31.6 (4.9)

24.2 (4.1) 24.7 (4.6)

37.8 (3.3) 39.3 (1.9)
226 (46.8) 2358 (41.2)
180 (37.3) 2178 (38.1)
4 (11.2) 834 (14.6)

3 (4.8) 353 6.2)

9 (1.9 3 (1.6)

5 (5.2) 193 (3.4)

9 (6.0) 5(0.3)

9 (1.9) 7 (0.6)

38 (7.9) 325 (5.7)

25 (5.2) 0 (0)
71 (14.7) 6 (0.6)

TaBLE 2 SLE-related medication dispensing prevalence by pregnancy period in women with SLE

Medication group

During

Medication name pregnancy?

Pre-pregnancy Trimester 1

Trimester 2 Trimester 3 Postpartum 1 Postpartum 2

(%) (%)

DMARDs 49.3 35.4
HCQ 36.4 23.4
AZA 20.7 14.3
Ciclosporin 1.9 1.9
Chloroquine 1.7 2.1
Other DMARDP NA 1.7

CSs 48.0 29.8
Prednisolone 46.2 28.2
Betamethasone 1.7 1.5
Other CS° 1.5 NA
Aspirin 40.8 6.4

Other NSAIDs 6.0 8.5
Diclofenac 1.9 2.7
Naproxen 1.7 2.1
NSAIDs excluding aspirin, 2.5 4.4

diclofenac and naproxen®

(%) (%) (%) (%) (%)

38.9 36.7 28.6 37.1 40.4
28.0 25.5 20.1 25.9 30.0
16.6 16.6 11.6 14.3 1.2
1.5 1.7 1.2 1.5 1.2
NA NA NA 1.5 1.2
NA NA NA 1.7 4.4
31.5 35.8 32.5 40.0 34.2
30.4 34.4 30.6 38.1 33.1
NA NA 1.2 2.1 NA
NA NA NA 1.2 NA
28.2 321 17.2 8.7 6.2
5.0 NA NA 11.0 8.1
NA NA NA 6.8 25
1.7 NA 0 1.2 2.7
2.3 NA 0 3.1 3.3

#During pregnancy includes trimesters 1, 2 and 3. PIncludes the following medications with n <

5 during pregnancy: SSZ,

mycophenolic acid, etanercept and MTX. °Includes the following medications with n < 5 during pregnancy: methylpredniso-
lone, prednisone and dexamethasone. “Includes the following medications with n < 5 during pregnancy: ibuprofen, ketopro-
fen, dexibuprofen, celecoxib, etoricoxib and nabumetone. NA: there are five or fewer individuals.

dispensings for prednisolone only and 32% had dispen-
sings for at least two of these treatments.

Term pregnancies had a mean gestational length of
275.8 days (s.p. 9.1) or 39 completed weeks, and preterm
pregnancies had a mean gestational length of 231.5 days
(s.D. 28.4) or 33 completed weeks. DMARD and CS preg-
nancy period-specific prevalence estimates stratified by
preterm birth status are presented for SLE pregnancies
in Fig. 1. Aspirin prevalence is not presented in the
figure because prevalence estimates did not vary greatly
between term and preterm deliveries. Other NSAID preva-
lence is not presented because some results had fewer
than five individuals. Compared with term deliveries,

564

DMARD prevalence was higher in the first (47.3 vs
36.9%) and second (49.5 vs 33.6%) trimesters in preterm
deliveries. In the third trimester, DMARD prevalence for
preterm deliveries dipped below that of term deliveries
(22.6 vs 30.0%). Postpartum DMARD prevalence re-
bounded to ~50% for preterm deliveries. The pattern
observed for CSs was similar to that for DMARDs.

Most common medications

The prevalence of common medications among SLE
pregnancies was 1.2- to 21-fold higher than among non-
SLE pregnancies (Table 3); for example, dalteparin (20.9

www.rheumatology.oxfordjournals.org
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Fic. 1 Proportion of SLE pregnancies with one or more dispensing for DMARDs or CSs, by pregnancy period

65.0 1
60.0 1
55.0 1
50.0 1
45.0 1
40.0 1

30.0 A
25.0 1
20.0 1
15.0 1
10.0 1
5.0 1

% of SLE pregnancies with 21 dispensing

DMARDs

35.0 - l/\.\ /I/.

0.0
Pre-

pregnancy

Trimester 1

Post- Post-

Trimester 2 Trimester 3
partum 1 partum 2

=#—=Term N=390 34.6 36.9
Preterm N=93 38.7 47.3

33.6 30.0 34.1 38.0
49.5 22.6 49.5 50.5

Pregnancy Period

Corticosteroids

65.0 1
60.0 1
55.0 1
50.0 1
45.0 1
40.0 1
35.0 1

01—

25.0 1
20.0 1
15.0 1
10.0 1
5.0 1

% of SLE pregnancies with 21 dispensing

0.0
Pre-

pregnancy

Trimester 1

Post- Post-

Trimester 2 Trimester 3
partum 1 partum 2

=#—Term N=390 27.2 29.5
Preterm N=93 40.9 39.8

31.0 323 35.1 31.8
55.9 333 60.2 44.1

vs 1.0%), paracetamol (18.2 vs 2.9%), levothyroxine
(15.9% vs 4.9%), phenoxymethylpenicillin (also known
as penicillin V; 14.3 vs 11.6%), pivmecillinam (10.8 vs
4.7%) and omeprazole (10.4 vs 2.3%). Supplements dis-
pensed at the pharmacy, including calcium, folic acid, fer-
rous sulphate and cyanocabalmin, were 4- to 33-fold
higher than among non-SLE pregnancies.

The prevalence estimates for medications dispensed to
at least 15% of SLE pregnancies are plotted in Fig. 2 ac-
cording to pregnancy period (see supplementary material
Table S2, available at Rheumatology Online, for all com-
monly used medications). Dalteparin had the greatest

www.rheumatology.oxfordjournals.org

Pregnancy Period

change; from a high of 18.0% in the second trimester to
a low of 1.2% in the second postpartum period.
Levothyroxine prevalence was highest in the second and
third trimesters.

Groups with fourth level ATC codes that did not directly
overlap with fifth level ATC codes included the following:
heparin group (27.5% SLE vs 1.2% non-SLE); penicillins
with extended spectrum (13.7 vs 7.1%); proton pump in-
hibitors (12.0 vs 2.6%); iron bivalent, oral preparations
(10.4 vs 1.5%); phenothiazine derivatives (9.1 vs 7.7%),
for example, promethazine; natural opium alkaloids (8.1
vs 2.4%), for example, codeine; aminoalkyl ethers (6.8
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TasLe 3 Non SLE-related medications® dispensed to at least 5% of SLE pregnancies, by SLE status

Medication group SLE, n=483 Non-SLE, n=5723

Medication name n (%) PR® (95% CI°)

Supplements

Calcium, combinations with vitamin D or other drugs 106 (22.0) 38 (0.66) 33.05 (22.22, 49.16)
Folic acid 53 (11.0) 134 (2.3) 4.69 (3.39, 6.48)
Ferrous sulphate 34 (7.0) 48 (0.84) 8.39 (5.39, 13.08)
Cyanocabalamin 30 (6.2) 90 (1.6) 3.95 (2.61, 5.97)
Low-molecular weight heparins
Dalteparin 101 (20.9) 57 (1.0 21.00 (14.91, 29.57)
Tinzaparin 41 (8.5) 15 (0.26) 32.39 (16.73, 62.71)
Antibiotics
Phenoxymethylpenicillin (penicillin V) 69 (14.3) 664 (11.6) 1.23 (0.97, 1.57)
Pivmecillinam 52 (10.8) 268 (4.7) 2.30 (1.70, 3.11)
Nitrofurantoin 35 (7.3) 272 (4.8) 1.52 (1.08, 2.16)
Nasal or cough and cold preparations
Mucolytic combinations 31 (6.4) 218 (3.8) 1.68 (1.15, 2.47)
Opium derivatives and expectorants 36 (7.5) 249 (4.4) 1.71 (1.21, 2.43)
Phenylpropanolamine 26 (5.4) 235 (4.1) 1.31 (0.89, 1.94)
Other medications
Paracetamol 88 (18.2) 167 (2.9) 6.24 (4.81, 8.11)
Levothyroxine sodium 77 (15.9) 282 (4.9) 3.24 (2.50, 4.19)
Omeprazole 50 (10.4) 129 (2.3) 4.59 (3.27, 6.45)
Codeine, combinations excluding psycholeptics 35 (7.3) 132 (2.3) 3.14 (2.18, 4.52)
Promethazine 34 (7.0) 288 (5.0) 1.40 (0.97, 2.03)
Clemastine 33 (6.8) 276 (4.8) 1.42 (0.98, 2.06)
Carbamide 27 (5.6) 7 (1.2) 4.77 (2.97, 7.68)

Prevalence ratio (PR) and 95% Cl. ®Most common medications are those with a prevalence >5% during pregnancy.
PReference = SLE pregnancies. °95% Cls account for multiple pregnancies per woman.

Fic. 2 Non-SLE-related medications dispensed to at least 15% of SLE patients, by pregnancy period
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vs 4.9%), for example, clemastine; mucolytics (6.8 vs
4.1%), for example, acetylcysteine; and caries prophylac-
tic agents (5.4 vs 1.6%), for example, sodium fluoride.

Discussion

This descriptive population-based study demonstrates
that pregnant women with SLE are a highly medicated
group. In nearly half of SLE pregnancies, women were
dispensed DMARDs and CSs. Compared with term SLE
pregnancies, SLE pregnancies with preterm delivery had
higher prevalence estimates for CSs across each preg-
nancy period. Postpartum CS prevalence was particularly
high for pregnancies with preterm delivery in the 90 days
postpartum; three out of five were dispensed a CS.
Women with preterm births may have had more severe
disease, and the increase in CS prevalence during the
postpartum period for women with preterm births may
reflect the need to treat disease flares. In two out of five
SLE pregnancies, women were dispensed aspirin, primar-
ily during the first and second trimesters. There were
major differences in prevalence estimates between com-
monly used medications and supplements in SLE preg-
nancies vs non-SLE pregnancies.

HCQ prevalence during pregnancy was higher in this
study than in several previous reports [8, 11, 13, 14, 27].
The previous studies included several years prior to the
2006 recommendation that endorsed continuation of HCQ
treatment during pregnancy and, consequently, time
trends could contribute to the discrepancies. In the pre-
sent study, HCQ prevalence was higher in later study
years. Compared with previous studies, CS prevalence
during pregnancy in Sweden was lower than reports
from single hospital cohorts in Asia, Saudi Arabia and
Argentina (71-89%) [6, 8, 12, 14, 27] and was similar to
reports from hospital cohorts in the USA and Denmark
(36-48%) [11, 13]. Aspirin prevalence varied greatly
across previous studies of SLE pregnancies (9-60%)
[6-8, 11, 13, 14], and the estimate in this study was similar
to that from the hospital-based cohort in Denmark (39%)
[11]. In previous studies, anti-hypertensives, as a broad
therapeutic class, have been reported to have a relatively
high prevalence (13-29%) [6, 11, 13]. In this cohort of
pregnancies, anti-hypertensive medications, at the fourth
or fifth ATC level, had prevalence estimates of <5%
during pregnancy. MTX and mycophenolic acid are
teratogenic exposures and are contraindicated during
pregnancy [28]. Only rarely was a MTX dispensing
during pregnancy observed in this cohort.

This study provides population-based snapshots of
medications dispensed across the antenatal and postpar-
tum periods in SLE pregnancies. Pregnancies with pre-
term delivery had an average gestational length that was
44 days shorter than term pregnancies. The shortened
opportunity to obtain prescriptions contributed to the
decreased prevalence of DMARDs and CSs that was
observed among preterm deliveries only in the third tri-
mester. If the majority of individuals were given a 30day
supply for all prescriptions, we may have not observed as
large a decrease in the final trimester. Overall, DMARD
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prevalence estimates increased from pre-pregnancy to
the first trimester, decreased in the third trimester and
increased postpartum, and CS prevalence estimates
increased from pre-pregnancy to the first postpartum
period, with the exception of a dip during the third
trimester.

Fifteen of the commonly dispensed medications that
were identified among SLE pregnancies had prevalence
estimates that were at least 50% higher among SLE preg-
nancies vs non-SLE pregnancies and many reflect treat-
ment for conditions or symptoms that co-occur with SLE.
Dalteparin and tinzaparin were among the most com-
monly dispensed medications. These low-molecular
weight heparins, among others, are indicated for women
with aPL and a history of obstetric complications [29]. The
prevalence of levothyroxine sodium during pregnancy was
3.2-fold higher among SLE pregnancies compared with
general population pregnancies, which is consistent with
the higher prevalence of hypothyroidism among women
with SLE [30]. Omeprazole prevalence was 4.6-fold higher
during pregnancy among SLE pregnancies compared with
non-SLE pregnancies, which is consistent with heartburn
being a common symptom among individuals with SLE
[31]. Prevalence estimates for penicillin antibiotics, that
is, phenoxymethylpenicillin and pivmecillinam, and nitro-
furantoin were higher among SLE pregnancies compared
with pregnancies from the general population, which re-
flects the increased susceptibility of SLE patients to infec-
tion owing to both abnormal immunological response and
immunosuppressive treatments [32]. Paracetamol preva-
lence was 6.2-fold higher among SLE pregnancies and
codeine prevalence 3.1-fold higher among SLE pregnan-
cies compared with non-SLE pregnancies. The preva-
lence estimates for several supplements (calcium
combinations, folic acid, ferrous sulphate and cyano-
cobalamin) were much higher in the SLE population than
the in non-SLE population. Women with SLE are at
increased risk for osteoporosis, and calcium with vitamin
D is recommended for women treated with heparin during
pregnancy [33, 34]. Furthermore, a high prevalence of an-
aemia and decreased serum B12 levels have been
observed among non-pregnant individuals with SLE [35].
It is possible that women with SLE are more likely to have
reached the annual high-cost threshold [23] and receive all
of their prescriptions free compared with women without
SLE. Women who meet the high-cost threshold have an
incentive to obtain over-the-counter medications as pre-
scriptions. Consequently, the observed imbalance in
medications that are also available over the counter, for
example, paracetemol and supplements, between women
with SLE and women without SLE could be attributed in
part to women with SLE obtaining these medications by
prescription.

Pharmaceutical dispensing data are useful to under-
stand not only what physicians prescribed during preg-
nancy but also what prescriptions patients filled.
Compared with prescribing information, dispensing infor-
mation is more similar to real use. The date of dispensing
does not necessarily mean that the drug was taken on the
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day when it was dispensed, or at all, but it can be used as
a proxy for exposure. For some drugs this may be more
accurate than for others. For example, one study found
that agreement between self-reported and dispensed im-
munosuppressant therapy was high, but for CSs the
agreement was low [5]. Furthermore, the data in the pre-
sent study do not include infusions, such as some biolo-
gical DMARDs, nor the number of days of medication
supplied for each dispensing.

Besides the potential for exposure misclassification, this
study has some additional limitations to consider. First,
there could be misclassification of SLE because of our re-
liance on ICD codes to identify SLE, although this is likely to
be minimal considering the findings from previous studies
[18, 19]. Second, there may be measurement error of the
pregnancy time windows because the windows are based
on the estimated date of the LMP. However, for the majority
of pregnancies, the date of the LMP was estimated using
ultrasound. Third, medications that cause fetal harm may
be underestimated because pregnancies ending in spon-
taneous abortions and terminations are not included.

To our knowledge, this is the first population-based study
to describe the prevalence of medications used to treat
SLE before, during and after pregnancy. Our study is also
novel because it identifies the most common medications
in SLE pregnancies, not only the medications that are used
to treat SLE. As such, it provides practitioners with a robust
picture of medication use during pregnancy among SLE
patients, beyond the medications they typically prescribe.

Moreover, our study provides perspective by contrast-
ing prevalence estimates with non-SLE pregnancies. A
major strength of our study is that data were collected
prospectively throughout pregnancy and avoids recall
problems. We anticipate that our results are generalizable
to most other populations because some medications
used to manage SLE in the absence of pregnancy are
contraindicated, leaving few treatment options in preg-
nancy. In future research, the population-based approach
to study medication use among pregnant women with
SLE should be implemented in other counties.

Pregnant women with SLE are commonly dispensed
medications. This includes not only DMARDs and CSs
to treat and/or prevent flares, but numerous other medi-
cations to treat co-morbidities associated with SLE. For
clinicians, it is crucial to consider the risks and benefits of
all medications used in SLE pregnancies. For researchers,
medications that are commonly used among women with
SLE should be accounted for when studying associations
between SLE-related medications and pregnancy out-
comes. Research regarding the benefits and risks of
these commonly used medications and their combin-
ations on SLE pregnancies, breast milk and long-term out-
comes for offspring is needed. We plan to study the
associations between medication exposures and preg-
nancy outcomes within this cohort.

Supplementary data

Supplementary data are available at Rheumatology
Online.
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