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ORIGINAL RESEARCH

Risk of pre-eclampsia and impact of
disease activity and antirheumatic
treatment in women with rheumatoid
arthritis, axial spondylarthritis and
psoriatic arthritis: a collaborative matched
cohort study from Sweden and Denmark

Anne Emilie Pape Secher
Ane Rom,*%® Merete Lund Hetland

ABSTRACT

Objective To explore the risk of pre-eclampsia in
rheumatoid arthritis (RA), axial spondyloarthritis (AxSpA)
and psoriatic arthritis (PsA), focusing on the impact of
treatment and disease activity.

Methods We identified RA, AxSpA and PsA singleton
pregnancies (2006—2018) by linking medical birth registers
to Swedish (SRQ) and Danish (DANBIO) rheumatology
registers. Control pregnancies from the medical birth
registers were matched 1:10 on maternal age, parity and
birth year.

We obtained information on antirheumatic treatment
before and during pregnancy and disease activity during
pregnancy. Risks of pre-eclampsia in RA, AxSpA and

PsA pregnancies, compared with control pregnancies,
were estimated overall and by antirheumatic treatment
(conventional synthetic disease-modifying antirheumatic
drug (DMARD)/biological DMARD/corticosteroids, as
monotherapy or combination therapy) and disease

load (Health Assessment Questionnaire>1/C-reactive
protein>10/Disease Activity Score in 28 joints>3.2)
through logistic regression (adjusted ORs (aORs) with
95% CI).

Results We observed 69, 34, and 26 pre-eclampsia
events among RA (n=1739), AxSpA (n=819) and

PsA (n=489), resulting in a risk of pre-eclampsia of,
respectively, aOR 1.27 (95% C1 0.96 to 1.67), 1.17 (0.76 to
1.78) and 1.85 (1.10 to 3.12), compared with controls.
For RA, maternal combination therapy before and during
pregnancy was associated with increased risk (1.59; 1.07
t0 2.37 and 1.53; 0.97 to 2.39, respectively). For PsA,
maternal monotherapy before pregnancy was associated
with pre-eclampsia (2.72; 1.4 to 5.13). In RA pregnancies
with available information (43%), high disease load was
associated with doubled risk of pre-eclampsia (aOR 1.96;
1.26 10 3.04).

Conclusion PsA pregnancies, but not AxSpA pregnancies,
were at increased risk of pre-eclampsia. For RA,
combination therapy (potentially a surrogate for high
disease activity both before and during pregnancy) and
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WHAT IS ALREADY KNOWN ON THIS TOPIC\

= Data indicate that women with rheumatoid arthri-
tis (RA), psoriatic arthritis (PsA) and axial spondy-
loarthritis (AxSpA) are at increased risk of adverse
pregnancy outcomes, such as preterm birth and
caesarean section.

= Studies on risk of pre-eclampsia in these conditions
are inconclusive, and data on impact of treatment
and disease activity are lacking.

WHAT THIS STUDY ADDS

= Women with PsA (but not AxSpA) had increased risk
of pre-eclampsia.

= In RA, we observed an increased risk of pre-
eclampsia in women with combination therapy (po-
tentially a surrogate for high disease activity before
and during pregnancy) and high RA disease load.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings underline the importance of monitoring
disease activity in women with RA and PsA before
and during pregnancy, especially those with high
disease activity and/or antirheumatic treatment
prepregnancy.

high disease load during pregnancy might be a risk factor
for pre-eclampsia.

INTRODUCTION

Rheumatoid arthritis (RA), axial spondyloar-
thritis (AxSpA) and psoriatic arthritis (PsA)
affect women in their reproductive years.
Previous studies have indicated associations
between these disorders and adverse preg-
nancy outcomes, for example, preterm birth,
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small for gestational age and caesarean sections.'™ The
potential impact of disease activity and use of medication
during pregnancy are causes for concern.””

Pre-eclampsia is a severe adverse pregnancy outcome
affecting approximately 3%-5% of all pregnancies world-
wide."” ! Previous studies have suggested an increased
risk of pre-eclampsia in RA pregnancies compared with
healthy controls,' *'* although not in AxSpA.>*'* Corre-
sponding data for PsA pregnancies are inconsistent.” *

The severity of pre-eclampsia is emphasised by the fact
that pregnancy termination is the only effective cure.'’ If
left untreated, it has fatal consequences for both mother
and child."” "' Consequently, it may result in induced
preterm delivery.

Some of the established risk factors of pre-eclampsia
are first pregnancy, very low or high maternal age and
obesity.'"” '° Furthermore, chronic inflammation might
contribute to the pathogenesis.'” However, evidence on
the impact of inflammatory disease activity and antirheu-
matic treatment on pre-eclampsia is lacking, even though
high disease activity in RA and PsA has previously been
associated to other adverse pregnancy outcomes, such as
small for gestational age and preterm birth.*'” '®

Consequently, based on data from Swedish and Danish
clinical and national registries, we aimed to evaluate
the risk of pre-eclampsia in pregnancies of women with,
respectively, RA, AxSpA and PsA, and to identify risk
factors for pre-eclampsia in relation to: (1) antirheumatic
treatment and (2) disease activity.

METHODS

Data sources

We conducted a register-based matched cohort study in
Sweden and Denmark. The included nationwide clinical
and health registers were: the clinical rheumatology regis-
ters, that is, the Swedish Rheumatology Quality Register
(SRQ) and the Danish DANBIO Registry,15_17 the Medical
Birth Registers,'® ' the National Patient Registers,”’ ' the
Prescribed Drug Registers®** and the Total Population
Registers (the Swedish Population and Death Register
and the Danish Civil Registration System).” ** The
personal identification number assigned to all citizens in
Sweden and Denmark allowed for linkage between the
different registers. For details, see online supplemental
table S1.

Study population

In SRQ and DANBIO, we identified women with a
rheumatologist-based diagnosis of RA, AxSpA or PsA
(online supplemental table S2). From the Medical
Birth Registers, we identified singleton pregnancies of
these women by date of delivery: from 1 July 2007 to 31
December 2017 (in Sweden) and from 1 January 2006
to 31 December 2018 (in Denmark), to sample preg-
nancy cohorts for RA, AxSpA and PsA, respectively.
Only pregnancies of women who were registered in
SRQ or DANBIO at least 6 months prior to conception

were eligible for inclusion. This criterion was applied to
ensure access to relevant information on prepregnancy
antirheumatic treatment and disease activity. Estimated
date of conception was calculated as gestational age zero,
based on the gestational age at birth registered in the
Medical Birth Register (estimated from ultrasonography
or, if ultrasonography was unavailable, by the recorded
date of the first day of the last menstrual period).

For each of the three pregnancy cohorts, we identified
a control pregnancy cohort matched 1:10 on maternal
age, parity and calendar year of delivery (figure 1). In
Sweden, we identified control pregnancies from an
existing linkage that comprised comparators to individ-
uals with chronic inflammatory arthritis,'” #” and then
we obtained information on their pregnancies from the
Swedish Medical Birth Register. In Denmark, we identi-
fied control pregnancies from the general population in
the Medical Birth Register (online supplemental table
S3).

Exposure

The primary exposure of interest was a diagnosis of RA,
AXSpA or PsA. Second, we evaluated exposure to anti-
rheumatic treatment and disease activity, before and
during pregnancy.

Antirheumatic treatment

We obtained information on antirheumatic treatment
prepregnancy (9months prior to time of conception)
and during pregnancy (time of conception until delivery)
for the women with RA, PsA and AxSpA. Antirheumatic
treatment was defined as: oral corticosteroids, conven-
tional synthetic disease-modifying antirheumatic drugs
(csDMARD) and biological (b)DMARD, including both
tumour necrosis factor inhibitors (TNFis) and non-TNFi.
Notably, this includes any treatment with each drug in
the relevant period. Information on antirheumatic treat-
ment was obtained from the Prescribed Drug Registers,
SRQ/DANBIO and the Danish National Patient Register.
If information conflicted between these sources, we used
the information held by the Prescribed Drug Registers
(online supplemental table S4).

Disease activity

Disease activity measures are reported by the treating
rheumatologist in SRQ/DANBIO, as a part of routine
care. There are no specific guidelines in rheumatology
clinics for monitoring pregnant women. From SRQ and
DANBIO, we obtained information on functional status
and disease activity during pregnancy: Health Assess-
ment Questionnaire (HAQ) (<1: low, =1: high), C-reac-
tive protein (CRP) (<10mg/L: low, 210 mg/L: high), and
for RA and PsA, we also obtained Disease Activity Score
in 28 joints (DAS28-CRP) (<3.2: low, =3.2: moderate/
high) (online supplemental table S2). We excluded
registrations of CRP >560mg/L (n=2) to avoid potential
confounding by infectious conditions. DAS28-CRP was
calculated without Global Health-Visual Analog Scale
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SWEIDEN

Women with
RAL, AxSpAZ, or PsA3
from existing linkage based on SRQ

Singleton pregnancies from
2007-2017 in the

Swedish Medical Birth Register*

<
Not registered in SRQ six months ™
prior to time of conception

A

Registered in SRQ at least six months
prior to time of conception

DENI\rIIARK

Women with

RAL, AxSpA?, or PsA3
registered in DANBIO

v

Singleton pregnancies from
2006-2018 in the
Danish Medical Birth Register4

A 4

Not registered in DANBIO six
A months prior to time of conception

Registered in DANBIO at least six
months prior to time of conception

n=1768 n=1279
RA AXSpA PsA RA AXSpA PsA
A4 4 v 2
| RApregnancies | | AxSpA pregnancies | | PsA pregnancies RA pregnancies | | AxSpA pregnancies || PsA pregnancy
n=1104 n=431 n=233 n=635 n=388 n=256

ontrol pregnancies
n=4310

Control pregnancy cohort

Control pregnancy cohort

Control pregnancy cohort

(RA) n=17390 (AxSpA) n = 8190 (PsA) n = 4890
| T
RA PsA AxSpA
RA pregnancy cohort AxSpA pregnancy cohort PsA pregnancy cohort
n=1739 n=2819 n =489

Figure 1

Flow chart of RA, AxSpA, PSA and control pregnancy cohorts. "ICD-10 RA M05, MO06; 2ICD-10 AxSpA M45, M46.8,

M46.9; °ICD-10 PSA L40.5, M07.0, M07.1, M07.3; *calendar year of delivery; Smatched on maternal age, parity and year of
delivery registered in the national Medical Birth Register. Not included if any registration of chronic inflammatory arthritis (ICD-
10 RA M05, M06.0, M06.2, M06.3, M06.8, M06.9, M12.3; PsA L40.5, M07.0, M07.1, M07.3; AXSpA M45, M46.0, M46.1, M46.8,
M46.9; JIA M08, M09; PA M13.0) according to the National Patient Register; 6pregnancies from the Danish medical birth
register; ‘pregnancies from the Swedish Medical Birth Register of women registered in existing Swedish linkage. AxSpA, axial
spondyloarthritis; DANBIO, the Danish Rheumatology Register; ICD-10, International Classification of Diseases, 10th revision;
JIA, juvenile idiopathic arthritis; LMP, last menstrual period; PA, polyarthritis; PsA, psoriasis arthritis; RA, rheumatoid arthritis;

SRQ, Swedish Rheumatology Quality Register.

score, since the latter may be influenced by pregnancy.*®
Because most patients visit their rheumatologist only
once a year (in the case of stable disease), estimates
of maternal disease activity and functional status were
mainly based on one registration of disease activity in
each time period (ie, before and during pregnancy). In
case of multiple registrations, we chose the maximum
value for each variable. Due to the high proportion of
missing data (689/819, 85%) on AxSpA-specific disease
activity measures (eg, Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI)) during pregnancy
in SRQ and DANBIO as well as the influence of preg-
nancy on measurements of axial pain, we abstained from
using these data.” We additionally defined a compound
measure of disease load as ‘high’, if there was any regis-
tration of HAQ >1, CRP >10mg/L and/or DAS28-CRP
23.2 during pregnancy. The variable was registered as

missing if none of CRP, HAQ or DAS28-CRP was regis-
tered (online supplemental table S2).

Outcome

The outcome of interest was pre-eclampsia, which is
clinically defined by new-onset hypertension and multi-
organ failure. In addition to hypertension and protein-
uria, symptoms may include headaches and cerebral or
visual disturbances that can progress into convulsions, if
the disorder develops into to eclampsia. In the present
study, pre-eclampsia was defined as one or more diag-
noses of pre-eclampsia or eclampsia, International Clas-
sification of Diseases, 10th revision (ICD-10) O14-O15,
registered in the National Patient Registers at any time
point during pregnancy (online supplemental table
SQ).30 81 Furthermore, pre-eclampsia was classified based
on severity: moderate pre-eclampsia: ICD-10 O14.0 or
014.9, and severe pre-eclampsia: ICD-10 O14.1-O14.2
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and 015.0-15.9.%* We also classified pre-eclampsia based
on timing in relation to delivery; early pre-eclampsia as
pre-eclampsia and delivery at <34 gestational weeks and
late pre-eclampsia as pre-eclampsia and delivery >34
weeks.”™ To account for the strong link between hyper-
tension and pre-eclampsia, we excluded ICD-10 code
O11, that is, pre-eclampsia superimposed in hyperten-
sion, from the outcome definition.

Covariates

From the Medical Birth Registers, we identified maternal
age, parity, calendar year of delivery and self-reported
information on smoking and body mass index (BMI) at
the first antenatal visit. From the educational registers, we
obtained information on mother’s highest educational
level at the time of delivery (online supplemental table
S2). We also included country of delivery as a covariate.

Statistical analysis

Overall risk in RA, AxSpA and PsA

All analyses were performed on a pooled dataset that
included Swedish and Danish data. Analyses were based
on complete cases, and no imputation on missing data
was performed. Categorical data are presented as counts
and percentages, and continuous variables as medians
and IQRs. Using logistic regression models, we calcu-
lated crude and adjusted ORs (aORs) (‘risk’) with corre-
sponding 95% Cls for pre-eclampsia in, respectively, RA,
AxSpA and PsA pregnancies, compared with their respec-
tive controls.

We selected potential confounders a priori based on
the existing literature'” "' %% and thus adjusted for BMI,
smoking, education and country. We further adjusted for
the matching variables (maternal age, parity and year of
delivery) where the matching was broken. We applied a
generalised estimating equation method (maternal iden-
tification as a cluster assuming an exchangeable correla-
tion structure), because some women contributed with
more than one pregnancy during the study pelriool.37

In sensitivity analyses, we estimated country-specific
risk of pre-eclampsia in RA, AxSpA and PsA pregnancies,
compared with control pregnancies. We also tested differ-
ences in risk estimates between countries, by including
an interaction term (exposure*country) in the primary
analyses. Finally, we estimated risks of early and late, and
moderate and severe pre-eclampsia, respectively.

Risk in relation to antirheumatic treatment and disease load

The analyses were stratified by maternal antirheumatic
treatment in the 9months prepregnancy, and during
pregnancy and by disease activity during pregnancy.

In the analyses stratified on treatment exposure, we
classified treatment as: (A) untreated (no registration of
any antirheumatic drug), (B) monotherapy (csDMARD,
bDMARD or oral corticosteroids) and (C) combination
therapy (csDMARD, bDMARD or oral corticosteroids in
any combination of at least two).

In the analyses stratified on disease activity and
functionality score, we stratified on: (A) HAQ (high,
low and missing), (B) CRP (high, low and missing),
(C) DAS28-CRP (high, low and missing) and (D) the
compound score ‘disease load’ (high, low and missing).

In the primary analyses, we compared RA, AxSpA and
PsA pregnancies to their respective controls. Additionally,
we performed internal comparisons in which the disease
groups without any antirheumatic treatment or with low
disease activity constituted the references, respectively.

In a sensitivity analysis, we restricted registration on
disease activity during pregnancy to 180 days from time
of conception (first and second trimester), because pre-
eclampsia can occur as early as from gestational week 20.

Datawere analysed in SASV.9.4 and R Studio V.1.3.1093.

Patient involvement
Patient representatives participated in the development
of research questions and study design.

RESULTS

We identified 1739 RA, 819 AxSpA and 489 PsA preg-
nancies and 17390, 8190 and 4890 control pregnan-
cies, respectively. For RA and AxSpA pregnancies, there
were no major differences in maternal characteristics,
compared with their control pregnancies (table 1). By
contrast, pregnant women with PsA were more likely
to be obese, less educated and smokers, compared with
controls. For country-specific characteristics, see online
supplemental tables S5-S6.

In PsA, we found in total 26 (5.3%) events of pre-
eclampsia, resulting in an 85% increased risk of pre-
eclampsia compared with control pregnancies (aOR
1.85;95% CI 1.10 to 3.12). Compared with their controls,
the risk was slightly increased in RA (69 events, 3.9%),
although statistically insignificant (1.27; 0.96 to 1.67). In
AXSpA (34 events, 4.2%), the corresponding aOR was
1.17 (95% CI1 0.76 to 1.78) (table 2).

Within all three conditions (RA, AxSpA and PsA), the
risk estimates for moderate and severe pre-eclampsia
were largely similar (online supplemental table S7).
Very few women developed early pre-eclampsia, and we
were not able to present or detect a potential difference
in rates, compared with the controls, due to low power
(data not shown).

Notably, the risk estimate for pre-eclampsia in PsA
was somewhat higher in Denmark than in Sweden, but
there were no statistically significant differences in risk
estimates between the countries for the interaction term
exposure*country (p=0.29, 0.58 and 0.52 for RA, AxSpA
and PsA, respectively). For country-specific risk estimates,
see online supplemental tables S8-S9.

Risk in relation to antirheumatic treatment prepregnancy

We observed an aOR of 1.59 (95% CI 1.07 to 2.37) in
RA pregnancies receiving combination therapy prepreg-
nancy compared with control pregnancies, whereas we
found no increased risks among those untreated or with
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Table 1 Maternal characteristics in RA, AxSpA, PSA and control pregnancies, n (%)
RA Controls* AxSpA Controls* PsA Controls*

N 1739 17390 819 8190 489 4890
Country

Sweden 1104 (63.5) 11040 (63.5) 431 (52.6) 4310 (52.6) 233 (47.6) 2330 (47.6)

Denmark 635 (36.5) 6350 (36.5) 388 (47.4) 3880 (47.4) 256 (52.4) 2560 (52.4)
Maternal age (years)

<24 47 (2.7) 470 (2.7) 39 (4.8) 390 (4.8) 44 (9.0 440 (9.0)

25-29 371 (21.3) 3710 (21.3) 230 (28.1) 2300 (28.1) 138 (28.2) 1380 (28.2)

30-34 678 (39.0) 6780 (39.0) 348 (42.5) 3480 (42.5) 169 (34.9) 1690 (34.6)

>34 643 (37.0) 6430 (37.0) 202 (24.7) 2020 (24.7) 138 (28.2) 1380 (28.2)
Calendar year of delivery

2006-2009 242 (13.9) 2420 (13.9) 53 (6.5) 530 (6.5) 28 (5.7) 280 (5.7)

2010-2012 418 (24.9) 4180 (24.0) 128 (15.6) 1280 (15.6) 79 (16.2) 790 (16.2)

2013-2015 545 (31.3) 5450 (31.3) 294 (35.9) 2940 (35.9) 151 (30.9) 1510 (30.9)

2016-2018 534 (30.7) 5340 (30.7) 344 (42.0) 3440 (42.0) 231 (47.2) 2310 (47.2)
Parity at time of conception

Nulliparous 766 (44.0) 7660 (44.0) 369 (45.1) 3690 (45.1) 212 (43.4) 2120 (43.4)

Primi/multiparous 968 (55.7) 9680 (55.7) 450 (54.9) 4500 (54.9) 274 (56.0) 2740 (56.0)

Missing 5(0.3) 50 (0.3) 0 (0.0) 0 (0.0 3 (0.6) 30 (0.6)
BMI (kg/m?)

<18.5 117 (6.7) 1075 (6.2) 58 (7.1) 532 (6.5) 23 (4.7) 256 (5.2)

18.5-24.9 822 (47.3) 8433 (48.5) 378 (46.2) 3967 (48.4) 199 (40.7) 2383 (48.7)

25.0-29.9 412 (23.7) 3928 (22.6) 200 (24.4) 1854 (22.6) 135 (27.6) 1085 (22.2)

>30.0 211 (12.1) 2130 (12.2) 104 (12.7) 1000 (12.2) 81 (16.6) 637 (13.0)

Missing 177 (10.2) 1824 (10.5) 79 (9.6) 837 (10.2) 51 (10.4) 529 (10.8)
Smoking

Non-smoker 1576 (90.6) 15601 (89.7) 724 (88.4) 7320 (89.4) 402 (82.2) 4319 (88.3)

Smoker 87 (5.0) 971 (5.6) 63 (7.7) 511 (6.2) 55 (11.2) 332 (6.8)

Missing 76 (4.4) 818 (4.7) 32 (3.9) 359 (4.4) 32 (6.5) 239 (4.9)
Highest educational level

>12 years 711 (40.9) 6818 (39.2) 459 (56.0) 4529 (565.3) 231 (47.2) 2504 (51.2)

<12 years 1019 (58.6) 10189 (58.6) NA 3454 (42.2) NA 2237 (45.7)

Missing 9 (0.5) 383 (2.2) <3 207 (2.5) <3 149 (3.0)
Disease duration at time of delivery

Years, median (IQR) 6.5 (3.8, 10.2) NA 7.9(4.5,12.7) NA 7.0(3.8,11.2) NA
Prepregnancy diabetes

Yes 42 (2.5) 174 (1.0) 11 (1.3) 84 (1.0) 15 (3.1) 49 (1.0)
Prepregnancy disease activity

HAQ, median (IQR) 0.50 (0.00, 1.00) NA 0.38 (0.00, 0.88) NA 0.63(0.13,1.13) NA

Missing, n 794 NA 571 NA 256 NA
Prepregnancy treatment
Untreated

No 410 (23.6) NA 399 (48.7) NA 189 (38.7) NA

CS 145 (8.3) NA 33 (4.0 NA 23 (4.7) NA
Monotherapy

csDMARD 331 (19.0) NA 50 (6.1) NA 95 (19.4) NA

bDMARD 185 (10.6) NA 207 (25.3) NA 75 (15 NA

Continued
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Table 1 Continued
RA Controls* AxSpA Controls* PsA Controls*
N 1739 17390 819 8190 489 4890
CS+csDMARD 228 (13.1) NA 18 (2.2) NA 19 (3.9) NA
CS+bDMARD 163 (9.4) NA 46 (5.6) NA 30 (6.1) NA
Combination therapy
csDMARD+bDMARD 134 (7.7) NA 44 (5.4) NA 38 (7.8) NA
CS+csDMARD+ bDMARD 143 (8.2) NA 22 (2.7) NA 20 (4.1) NA

Singleton pregnancies. One woman may contribute with one or more pregnancies.

*Matched 1:10 on maternal age, parity and year of delivery.

AXSpA, axial spondyloarthritis; b(DMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; CS, oral
corticosteroids; csDMARD, conventional synthetic disease-modifying antirheumatic drug; HAQ, Health Assessment Questionnaire; NA,

not applicable; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

monotherapy prepregnancy, compared with control
pregnancies (table 3).

In AxSpA pregnancies, we found no increased risks of
pre-eclampsia when stratifying on treatment, compared
with control pregnancies (table 3).

In PsA pregnancies, we observed an increased risk
of pre-eclampsia when receiving prepregnancy mono-
therapy compared with control pregnancies (aOR 2.72;
95% CI 1.44 to 5.13), whereas no significantly increased
risks were found in PsA pregnancies exposed to combina-
tion therapy or untreated (table 3).

In the AXSpA and the PsA pregnancies, the numbers
of events were too low to conduct internal comparisons
(untreated pregnancies as references), while in RA, a
comparison of prepregnancy use of combination therapy
to untreated pregnancies demonstrated a signal similar to
the results of the analyses including the control pregnan-
cies as references (aOR 1.33; 95% CI 0.68 to 2.61). When
comparing prepregnancy monotherapy to untreated, we
found no statistically significant increased risk (aOR 0.86;
95% CI 0.42 to 1.76).

Risk in relation to anti-rheumatic treatment during pregnancy
We found no statistically significant increased risks when
stratifying on treatment during pregnancy in any of the
disease groups compared with their control pregnancies

(table 4). However, among RA women exposed to
combination therapy during pregnancy, we observed
a tendency towards an increased risk compared with
control pregnancies (aOR 1.53; 95% CI 0.97 to 2.39).
When comparing RA pregnancies with monotherapy
or combination therapy during pregnancy to RA preg-
nancies untreated during pregnancy in internal compar-
ison, the pattern was similar, but the confidence inter-
vals were wide (aOR 1.31; 95% CI 0.69 to 2.49 and aOR
1.52; 95% CI 0.79 to 2.91, respectively) (data not shown
in tables).

Antirheumatic treatment during pregnancy was not
associated with any significantly increased risk in AxSpA
pregnancies, compared with controls. For PsA, the risk
estimates from the analysis stratified by treatment during
pregnancy were in line with the overall risk of pre-
eclampsia in PsA, but they did not reach statistical signif-
icance (table 4).

Risk in relation to functional status and disease activity
during pregnancy

We had information on one or more measures of either
HAQ, CRP or DAS28-CRP during pregnancy in 43%
(n=756) of all RA pregnancies. The risk of pre-eclampsia
was approximately doubled in RA pregnancies with high
DAS28-CRP, compared with controls (aOR 1.95; 95% CI

Table 2 Risk of pre-eclampsia in RA, AxSpA and PSA pregnancies versus control pregnancies

Pregnancies, n

Pre-eclampsia events, n (%)

Crude OR (95%Cl)  Adjusted OR (95% CI)*

RA 1739 67 (3.9)
Controlst 17390 535 (3.1)
AXSpA 819 34 (4.2)
Controlst 8190 267 (3.3)
PsA 489 26 (5.3)
Controlst 4890 129 (2.6)

1.27 (0.98 to 1.64)
REF
1.29 (0.87 to 1.91)
REF
2.07 (1.32 to 3.24)
REF

ORs were estimated using logistic regression and generalised estimation-equation method.
*Adjusted for country, maternal age, parity, year of delivery, BMI, smoking and education.

tMatched 1:10 on maternal age, parity and calendar year of delivery.

AxSpA, axial spondyloarthritis; BMI, body mass index; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

1.27 (0.96 to 1.67)
REF
1.17 (0.76 to 1.78)
REF
1.85 (1.10 to0 3.12)
REF
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Table 3 Risk of pre-eclampsia in RA, AxSpA and PSA pregnancies in relation to antirheumatic treatment strategy

prepregnancy versus control pregnancies

Pregnancies, n

Pre-eclampsia events, n (%)

Crude OR (95% Cl) Adjusted OR* (95% ClI)

RA
Untreated 410 14 (3.4)
Monotherapyt 661 23 (3.5)
Combination therapyt 668 30 (4.5)
Controls§ 17390 535 (3.1)
AxSpA
Untreated 399 15 (3.8)
Monotherapyt 290 11 (3.8)
Combination therapyt 130 8(6.2)
Controls§ 8190 267 (3.3)
PsA
Untreated 189 9 (4.8)
Monotherapyt 193 13 (6.7)
Combination therapytf 107 4 (3.7)
Controls§ 4890 129 (2.6)

1.13 (0.66 to 1.93)
1.14 (0.75 to 1.74) 1.02 (0.64 to 1.63)
1.48 (1.02 to 2.15) 1.59 (1.07 to0 2.37)
REF REF

1.19 (0.69 to 2.10)

1.19 (0.69 0 2.03) 1.13 (0.62 to0 2.08)
1.19 (0.66 to 2.14) 1.03 (0.58 to 2.02)
1.84 (0.93 to 3.63) 1.59 (0.91 to 3.63)
REF REF

1.66 (0.77 to 3.58) 1.71 (0.75 to 3.92)
2.90 (1.65 t0 5.12) 2.72 (1.44 10 5.13)1
1.35 (0.41 to 4.43) 1.05 (0.23 to 4.86)1
REF REF

Treatment defined as any registration of one or more type of drug during pregnancy (simultaneously or not simultaneously). Stratified
information on treatment during pregnancy is available in table 1. ORs were estimated using logistic regression and generalised

estimation-equation method.

*Adjusted for country, maternal age, parity, year of delivery, BMI, smoking and education.

1CS, csDMARD or bDMARD.

3CS, csDMARD and bDMARD or any combination of two.
§Matched 1:10 on maternal age, parity and year of delivery.
{INot adjusted for BMI due to low numbers.

AXSpA, axial spondyloarthritis; b(DMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; CS, oral
corticosteroids; csDMARD, conventional synthetic disease-modifying antirheumatic drug; PsA, psoriatic arthritis; RA, rheumatoid

arthritis.

1.10 to 3.49), and the results were similar for HAQ and
CRP (table 5). When assessing functional status and
disease activity variables as disease load, the signal was
even stronger (aOR 1.96; 95%CI 1.26 to 3.04). The
internal comparison (untreated group constituting the
reference) further indicated an increased risk in RA
pregnancies with high versus low disease load, but the
estimates did not reach statistical significance (table 5).
RA pregnancies lacking information on all three varia-
bles had no increased risk compared with controls.

In AxSpA and PsA the level of missing data was high on
disease load was high, and although we found no associ-
ation between pre-eclampsia and high disease load, the
number of events was few (table 5).

Overall, the estimates did not substantially change
when we restricted the analyses to only include disease
activity measurements in the first and second trimester
(online supplemental table S10).

DISCUSSION

In this large observational cohort study, including more
than 1700 pregnancies, we included nationwide register
data from Swedish and Danish clinical and health regis-
ters and observed several important findings of clinical

relevance regarding the risk of pre-eclampsia in women
with, respectively, RA, AxSpA and PsA.

We found an approximately doubled risk of pre-
eclampsia in PsA pregnancies, compared with control
pregnancies. The risk was primarily driven by women
receiving monotherapy before pregnancy. By contrast,
we identified no overall increased risk of pre-eclampsia
in RA and AxSpA pregnancies. However, our results
indicated that women with RA receiving combination
therapy before or during pregnancy carried a moderately
increased risk. Among RA pregnancies with high disease
activity during pregnancy, we observed a doubled risk of
pre-eclampsia.

Previous studies on the risk of pre-eclampsia in RA
pregnancies are few and with inconsistent findings.' ****’
In the present study, we found signals of an increased
risk of pre-eclampsia, although not statistically signifi-
cant. This is in line with some,38 % but not all, previous
studies.' > ¥ A recent publication, based on a cohort of
more than 6000 RA pregnancies in the USA, reported
an increased risk of pre-eclampsia compared with unex-
posed pregnancies (aOR 1.71; 95% CI 1.54 to 1.87).' The
study did not include information on parity, which might,
at least in part, explain the increased risk estimates given
that nulliparity is related to pre—eclampsia,lo and women
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Table 4 Risk of pre-eclampsia in RA, AxSpA and PSA pregnancies in relation to antirheumatic treatment during pregnancy

versus control pregnancies.

Pregnancies, n Pre-eclampsia events, n (%)

Crude OR (95% Cl)

Adjusted OR* (95% ClI)

RAT
Untreated 607 18 (3.0)
Monotherapyt 620 27 (4.4)
Combination therapyt 512 22 (4.3)
Controls§ 17390 535 (3.1)
AxSpAt
Untreated 488 20 (4.1)
Monotherapyt 231 10 (4.3)
Combination therapyt 100 4 (4.0)
Controls§ 8190 267 (3.3)
PsAt
Untreated 282 15 (5.3)
Monotherapyt 143 7 (4.9
Combination therapyf 64 4(6.2)
Controls§ 4890 129 (2.6)

0.98 (0.61 to 1.57)
1.44 (0.97 t0 2.13)
1.42 (0.92 to 2.19)
REF

1.30 (0.79 to 2.12)
1.31 (0.70 to 2.45)
1.22 (0.44 to 3.39)
REF

2.07 (1.17 to 3.67)
1.91 (0.87 to 4.21)

2.41(0.83 to 6.99)
REF

1.01 (0.62 to 1.65)
1.32 (0.85 to 2.06)
1.53 (0.97 to 2.39)
REF

1.24 (0.73 t0 2.10)
1.07 (0.56 to 2.07)
1.06 (0.33 to 3.34)
REF

1.86 (0.94 to 3.66)
1.58 (0.55 to 4.56)
2.53 (0.84 to 7.60)
REF

Treatment defined as any registration of one or more type of drug during pregnancy (simultaneously or not simultaneously). Stratified
information on treatment during pregnancy is available in online supplemental table S11.
*Adjusted for country, maternal age, parity, year of delivery, BMI, smoking and education.

1CS, csDMARD or bDMARD
FCS, csDMARD and bDMARD or any combination of two.
§Matched 1:10 on maternal age, parity and year of delivery.

AXSpA, axial spondyloarthritis; b(DMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; CS, oral
corticosteroids; csDMARD, conventional synthetic disease-modifying antirheumatic drug; PsA, psoriatic arthritis; RA, rheumatoid

arthritis.

with RA have fewer children than age-matched controls.’
In the present study, we matched and adjusted for parity.

We further identified an approximately doubled risk
in RA pregnancies with one registration of high disease
activity during pregnancy compared with controls
(without respect to treatment), though, it is difficult to
properly disentangle the effects of disease activity from
other potential risk factors. However, we are the first
to demonstrate such an association for pre-eclampsia,
although previous studies have indicated associations
between high RA disease activity and adverse preg-
nancy outcomes, such as preterm birth and small for
gestational age.7 % 1t is known that the pathogenesis
of pre-eclampsia is related to some degree of immune
dysregulation and that a high inflammatory load can
lower the threshold for overt pre-eclampsia.'' Therefore,
it could be hypothesised that RA-related inflammatory
activity might be a risk factor also for pre-eclampsia, but
pathophysiology remains to be explored in detail.

However, the impact of disease activity and antirheu-
matic treatment on the risk on pre-eclampsia is difficult
to disentangle. For RA pregnancies, we found an associa-
tion between receiving combination therapy before preg-
nancy and a modestly increased risk of pre-eclampsia in
RA pregnancies. The signal was similar, but weaker, when
we assessed treatment during pregnancy.

For PsA, the risk of pre-eclampsia was also increased
in untreated women, with respect to antirheumatic drugs
during pregnancy. Assuming that treatment is a proxy for
disease activity, this may seem contradictory. However, it
could be that some untreated women stopped treatment
due to pregnancy wishes, leading to disease flares and
thereby adverse outcomes.” In the present study, unfor-
tunately, we did not have the granularity to assess exactly
how treatment strategies (ie, continuing or stopping
therapy) affected the risk of pre-eclampsia.

To separate these effects, more detailed information
on disease activity and treatment, prospectively and
repeatedly collected during pregnancy, would have been
ideal. Nevertheless, our findings suggest that combina-
tion therapy prepregnancy is a surrogate of severe disease
rather than a risk factor of its own.”” This supports the
perception that pregnant women with RA should not
fear treatment, but rather the disease flares arising from
insufficient treatment. This is further strengthened by
a recent paper from our group showing that the risk of
preterm birth and SGA remained increased in RA preg-
nancies with high disease activity, even after adjusting for
type of treatment during pregnancy.7

For PsA, we found an overall increased risk of pre-
eclampsia. Although previous results have been
conflicting, our findings are in line with two published
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Table 5 Risk of pre-eclampsia in RA, AxSpA and PSA pregnancies in relation to functional status and disease activity any
time during pregnancy versus control pregnancies.

External comparison

Internal comparison

Adjusted OR*
(95% ClI)

Internal Crude OR
(95% Cl)

Internal Adjusted
OR* (95% CI)

Pre-eclampsia
Pregnancies, n events, n (%) Crude OR (95% Cl)
RA
CRP (mg/L)t
<10 457 21 (4.6) 1.53 (0.98 to 2.38)
>10 248 13 (5.2) 1.74 (0.99 to 3.05)
Missing 1034 33 (3.2) 1.04 (0.73 to 1.40)
HAQ
<1 506 21 (4.2) 1.37 (0.88 t0 2.12)
>1 196 14 (7.1) 2.42 (1.40 to 4.20)
Missing 1039 32 (3.1) 1.01 (0.70 to 1.45)
DAS28-CRPt
<3.2 447 19 (4.3) 1.41 (0.88 to 2.23)
>3.2 239 13 (5.4) 1.82 (1.03 to 3.20)
Missing 1053 35 (3.3) 1.09 (0.77 to 1.54)

Disease load: any HAQ>1, CRP>10mg/L or DAS28-CRP$>3.2

Low (no) 368 12 (3.3) 1.07 (0.60 to 1.90)
High (yes) 388 24 (6.2) 2.08 (1.37 t0 3.17)
Missing§ 983 31 3.2 1.03 (0.71 to 1.49)
Controls§ 17390 535 (3.1) REF

AXSpA

Disease load: any HAQ >1or CRP >10mg/L
Low (no) 174 8 (4.6) 1.53 (0.79 to 2.98)
High (yes) 113 3(2.7) 0.76 (0.25 to 2.22)
Missingtt 532 23 (4.3) 1.33 (0.84 to 2.11)
Controlsf| 8190 267 (3.3) REF

PsA

Disease load: any HAQ>1, CRP>10mg/L or DAS28-CRP$>3.2

Low (no) 94 4 (4.3) 1.72 (0.62 to 4.78)
High (yes) 85 5 (5.9) 2.37 (0.95 to 5.91)
Missing§ 310 17 (5.5) 2.09 (1.20 to 3.63)
Controlsq] 4890 129 (2.6) REF

1.55 (0.96 to 2.49)
1.78 (1.01 t0 3.13)
1.01 (0.68 to 1.49)

1.41 (0.88 to 2.26)
2.02 (1.12 to 3.66)
1.02 (0.69 to 1.50)

1.39 (0.85 to 2.29)
1.95 (1.10 to 3.49)
1.05 (0.72 to 1.53)

1.06 (0.56 to 2.01)
1.96 (1.26 to 3.04)
1.03 (0.70 to 1.53)
REF

1.20 (0.55 to 2.64)
0.57 (0.18 to 1.75)
1.33 (0.81 t0 2.18)
REF

2.07 (0.71 to 6.00)
1.89 (0.59 to 6.05)
1.75 (0.91 to 3.38)
REF

ORs were estimated using logistic regression and generalised estimation-equation method.
*Adjusted for country, maternal age, parity, year of delivery, BMI, smoking and education.

TThe threshold is based on the cut-off value from the laboratories performing the biochemical analyses.

$DAS28-CRP was calculated including CRP and without Global Health-Visual Analogue Scale.

§No registration of neither DAS28-CRP, HAQ nor CRP.

fIMatched 1:10 on maternal age, parity and year of delivery.

**Not presented due to low numbers.
T1No registration of neither HAQ nor CRP.

REF
1.14 (0.56 to 2.29)
0.68 (0.39 to 1.19)

REF
1.77 (0.89 to 3.55)
0.74 (0.42 to 1.29)

REF
1.29 (0.63 to 2.67)
0.77 (0.44 to 1.37)

REF
1.95 (0.96 to 3.96)
0.97 (0.49 to 1.90)

REF
NA*
NA**

REF
NA*
NA*

REF
1.15 (0.56, to 2.37)
0.65 (0.36 to 1.18)

REF
1.43 (0.68 to 3.01)
0.72 (0.40 to 1.31)

REF
1.40 (0.66 to 2.98)
0.75 (0.41 to 1.39)

REF
1.85 (0.86 to 3.97)
0.98 (0.46 to 2.05)

REF
NA™*
NA**

REF
NA*™*
NA*™

AXSpA, axial spondyloarthritis; BMI, body mass index; CRP, C reactive protein; DAS28-CRP, 28-joint Disease Activity Score CRP adjusted; HAQ,

Health Assessment Questionnaire; NA, not applicable; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

observational studies.! ** These publications presented
an increased risk of pre-eclampsia—both in a study based
on prospectively collected interview data and in a register
study, including 117 and 946 pregnancies exposed to PsA,
respectively. On the contrary, a Swedish study, including
541 pregnancies exposed to PsA, found no increased risk
of pre-eclampsia.” A recently published meta-analysis
presented a pooled OR of 1.40 (95% CI 0.78 to 2.51),

based on the three aforementioned studies, which is
slightly lower than the risk estimate in our cohort.®
However, the patients included in our study may suffer
from more severe disease compared with the patients
included in previous cohort studies from Sweden and
Denmark® * since those included patients only from the
National Patient Register. In the present study, women
with PsA were identified in the clinical rheumatology
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registers (SRQ and DANBIO) based on diagnoses
given by trained rheumatologists, which increased the
validity of the diagnosis. At the same time, in SRQ and
DANBIO, there may be a selection towards patients with
more severe PsA treated with bDMARDs or with more
severe comorbidity.'”™” Notably, the risk estimate for PsA
women untreated during pregnancy was increased to the
same extent as monotherapy and combination therapy,
however, insignificantly. Consequently, though data
were scarce, our results did not indicate that treatment
itself was associated with the risk of pre-eclampsia in PsA
pregnancies.

The analyses evaluating impact of disease activity were,
however, limited by low power. Our finding of a signifi-
cantly increased risk of pre-eclampsia in PsA, but not in
the two other conditions, is interesting. However, even
though RA, AxSpA and PsA share some similarities, they
also differ with respect to comorbidity conditions. For
example, there is a well-established association between
psoriasis/PsA and the metabolic syndrome including
hypertension, obesity and dyslipidaemia,*® which are also
associated to pre-eclampsia. In our study, we observed
that women with PsA were more often smokers and had
higher BMI in early pregnancy, as compared with their
controls. However, even though we adjusted for smoking
and BMI, women with PsA may carry underlying predis-
posing factors for pre-eclampsia, apart from factors asso-
ciated with the underlying disease itself and/or chronic
inflammation.

Taken together, our results may reflect an association
between severe PsA (using prepregnancy treatment as
a proxy) and pre-eclampsia. Additionally, it is of clinical
importance that the absolute risk in patients with PsA
might be increased due to a higher extent of obesity and
smoking among these patients.

For AxSpA, we did not identify any increased
risk of pre-eclampsia, which is in line with previous
studies.” ' '* * Similarly, there were no associations in
relation to antirheumatic treatment or disease activity
in AxSpA. Although the stratified analyses exploring
impact of disease activity and treatment were hampered
by low power, the only previous study comprised two pre-
eclamptic events, compared with 34 pre-eclamptic events
in our AxSpA group.’” Based on existing evidence and
our results, compared with controls, women with AXSpA
do not appear to be at substantially increased risk of
pre-eclampsia.

The strengths of our study include the large size of our
pregnancy cohorts, enriched with prospectively and inde-
pendently collected data from the comprehensive Scan-
dinavian clinical health and population registers. This
allowed us to include a large number of pregnancies, to
eliminate the risk of recall bias and to adjust for important
covariates, such as smoking, BMI and educational level.
In contrast to previous studies, we defined RA, AxSpA
and PsA solely from the clinical rheumatology registers to
ensure a high degree of diagnostic validity. We were also
able to include information on disease activity, which has

never been done before.!” Furthermore, we combined
multiple data sources to obtain the most accurate treat-
ment information available. In RA, we had information
on HAQ, CRP or DAS28-CRP in 756 (43%) pregnancies
at any time during pregnancy, which makes it the largest
cohort in the field.

The study also has challenges to address. Despite the
fact that we had data on all pregnancies from the two
countries in the study period, the number of events
was low. This reduced our statistical power, especially in
women with AxSpA and PsA. We lacked information on
disease activity in a considerable proportion of the preg-
nancies, and additionally, few women had more than
one visit at a rheumatologist registered in SRQ/DANBIO
during the pregnancy. We acknowledge that relying in
many cases only on one registered value of disease scores
is not optimal, but it is based on the best available data
we had and corresponds well to clinical routine care
(1yearly visit in stable disease).

Given the proportion of missing information on
disease activity, especially in PsA and AxSpA, we chose
to construct the composite score: disease load. The
purpose was to identify women with any clinical signs
of disease activity and, reassuringly, for RA, we observed
overall consistent findings for disease load compared
with the individual parameters included (HAQ, CRP, and
DAS28-CRP). Therefore, we find it relevant to present
the ORs for the compound disease load variable since
it offered the best available measurement to evaluate
disease activity in AXSpA and PsA.

Also, our information on treatment was not complete.
We solely had information on filled prescriptions and
not whether the women were actually compliant to the
medication. Hence, incomplete registration of treatment
initiation and withdrawal cannot be excluded.

To properly disentangle the potential effects of disease
activity and treatment on the risks of adverse pregnancy
outcomes would require even more detailed information
on treatment and disease activity. The relatively large
proportion of patients without visits during pregnancy
in the quality registers suggests that the clinical practice
of patient follow-up during pregnancy, in some perspec-
tives, is suboptimal. Hence, to obtain more granular
information, a prospective study with a close follow-up
of women included before or in early pregnancy would
be optimal.*®

With respect to AXSpA, both patients with ankylosing
spondylitis and unspecific spondyloarthritis were included
without stratifying on subtypes, and we lacked more valid
measures of disease activity, such as BASDAL*" Despite
extensive confounder adjustment, we could not elimi-
nate potential residual confounding due to the observa-
tional study design. In our analyses, we did not have the
opportunity to adjust for previous pre-eclampsia, which
is an important risk factor for pre-eclampsia. Likewise,
we lacked information on prescriptions of acetylsalicylic
acid (ASA), which would have been of interest, given the
use of prophylactic use of ASA to prevent pre-eclampsia
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in women with predisposing risk factors. Finally, the
differences in the pathophysiology of early and late pre-
eclampsia are subjects of ongoing discussion.”® In this
study, we were not able to present stratified risk analyses
on this due to low number of early pre-eclamptic events.
Notably, RA, AxSpA and PsA were all evenly associated to
both severe and moderate pre-eclampsia.

In conclusion, women with PsA, but not AxSpA,
had an increased risk of pre-eclampsia compared with
control pregnancies, even when adjusting for well-known
risk factors of pre-eclampsia. For women with RA, our
results indicated that severe disease (ie, combination
therapy before and during pregnancy and high disease
activity during pregnancy) might be a risk factor for pre-
eclampsia. From a clinical perspective, our findings add
to the field of knowledge, by informing clinicians of the
underlying risk of pre-eclampsia in these patient popula-
tions and by emphasising the importance of monitoring
women with, in particular, RA and PsA regarding this risk.
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