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Abstract

Objectives. An increased risk of adverse maternal and foetal pregnancy complications (including pre-
eclampsia, intrauterine growth restriction, and small for gestational age) is well described in women with
autoimmune rheumatic disease (ARD) compared with the general population (GenPop). It is less clear,
however, whether this risk of adverse pregnancy outcome (APO) also exists in women with ‘preclinical
ARD’ (pre-ARD) before they are diagnosed with an ARD many years post-partum. Therefore, we have
undertaken a systematic review of the available evidence on APO in patients who subsequently were
diagnosed with a rheumatic disease to identify whether there is an increased risk in pre-ARD.
Methods. The present study was reported in accordance with the guidance of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) standard. A systematic literature review was
performed using the online PubMed database. Pre-SLE and pre-RA patients were defined as those
who, over the subsequent years, developed SLE or RA according to international classification criteria.
Results. A total of 176 articles were screened, and 27 original articles were selected for final analysis.
Pre-RA was the most studied group, with 15 studies and a total of >1600 pregnancies, and pre-SLE
was the second-most studied pre-ARD in pregnancy, with 14 studies and a total of >1000 pregnancies.
We found that patients who subsequently developed SLE had an increased burden of poor pregnancy
outcomes compared with pregnant women from the GenPop, but fewer APOs compared with pregnan-
cies of women with SLE. In contrast, a similar rate of APOs was found when pre-RA pregnancies were
compared with GenPop pregnancies.
Conclusion. Our findings of an increased risk of APO in certain pre-ARDs highlights the relevance of
taking an obstetric history during the first rheumatology appointment and the need for novel screening
strategies for the prediction of APOs. Further research is required to elucidate the immune basis of
APOs in preclinical and clinical ARD.
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Rheumatology key messages

. Pre-SLE and pre-SSc women were found to have an increased risk of adverse pregnancy outcome compared
with GenPop women.

. An obstetric history at first review in the Rheumatology clinic would be helpful, especially in the early stages of
an autoimmune rheumatic disease (ARD).

. Screening strategies should be considered to predict adverse pregnancy outcomes in patients with initial
symptoms of an ARD.
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Introduction

Autoimmune rheumatic diseases (ARDs), including SLE,
RA and other inflammatory arthropathies, affect women
of childbearing age. An increased burden of adverse
pregnancy outcomes (APO) has been reported in various
ARDs [1].

This increased risk of APOs is well documented in
patients with clinical and laboratory manifestations of
disease fulfilling the relevant classification criteria that
are commonly used in clinical practice to aid diagnosis,
despite such criteria being developed to identify a homo-
geneous group of patients for research purposes. It is
less certain, however, whether a similar risk also exists
in patients with preclinical disease. The concept of pre-
clinical rheumatic disease is well established, and it is
considered to occur in several stages. These stages in-
clude a period of genetic risk, exposure to environmental
factors, followed by development of asymptomatic auto-
immunity, then non-specific symptoms, elaboration of an
immune or inflammatory response, and ultimately, defini-
tive clinical manifestations [2].

Consequently, several studies have examined the inci-
dence of pregnancy complications in women before they
fulfilled relevant classification criteria for a rheumatic dis-
ease. These studies however, have yielded conflicting
findings, with some reporting an increased risk of APOs
[3–7] but others finding no increase in risk [8–11].

Therefore, we have carried out this systematic review
of the available evidence regarding APOs in patients
who subsequently developed a rheumatic disease, to
identify whether there was any association between
them. Specifically, we aimed to determine whether a pre-
clinical ARD (pre-ARD) is associated with an increased
risk of APOs.

Methods

The present study was reported in accordance with the
guidance of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) standard [12]. A sys-
tematic literature review was performed using the online
PubMed (MEDLINE) database from inception to the begin-
ning of June 2021. Search terms used were different com-
binations of the key words, as shown in Box 1. This
systematic review was registered at PROSPERO in October
2020 under the registration number CRD42021224960.

Inclusion criteria

Relevant articles were those deemed to contain original
information about pregnancy outcomes in patients who
subsequently developed an autoimmune disease over
subsequent years, also called a pre-ARD, including pre-
SLE, pre-RA, pre-JIA, pre-SS, pre-SSc, pre-AS, preclin-
ical Still’s disease (pre-SD), preclinical palindromic
rheumatism (pre-PR), pre-PsA and inflammatory polyar-
thritis (IPA). Definitions of these terms are listed in
Table 1. We selected studies, with or without compara-
tors, of either pregnant women having a suspected

autoimmune disease and/or GenPop pregnant women.
For studies reporting duplicate populations, the most
comprehensive studies with the largest sample size were
selected.

Exclusion criteria

We excluded articles written in a language other than
English or Spanish and those published only as abstracts.

Study selection

Three independent reviewers (C.M., B.G. and K.A.)
screened each title and abstract to identify studies that
met the inclusion criteria for full-text review. A data ex-
traction sheet was designed, piloted using 5 papers, and
then revised to optimize data retrieval. The final report
included details of the study design and methodology,
type of pre-ARD, number of patients and pregnancies,
pregnancy outcomes, and a summary of the most rele-
vant findings in each study. Study limitations were docu-
mented. The quality of the evidence was assessed using
GRADE methodology [13].

Results

Outcome from systematic search

Of 176 articles initially screened, 27 original articles were
selected for final analysis (Fig. 1). They included 16 single-
centre, 11 multicentre, 21 retrospective and 6 prospective
studies. The pre-ARDs identified in overlapping studies
included: 15�pre-RA; 14�pre-SLE; 1�pre-SSc;

Box 1 Search criteria

a. Disease
. OR ‘lupus’ OR ‘SLE’
. OR ‘rheumatoid arthritis’ OR ‘RA’
. OR ‘inflammatory polyarthritis’
. OR ‘Still’s disease’
. OR ‘ankylosing spondylitis’ OR ‘AS’
. OR ‘psoriatic arthritis’
. OR ‘palindromic rheumatism’
. OR ‘axial spondyloarthritis’
. OR ‘systemic sclerosis’ OR ‘scleroderma’
. OR ‘Sjögren syndrome’ OR ‘Sjögren’s

syndrome’

b. Status
. OR ‘Preclinical’
. OR ‘Early onset’
. OR ‘Before onset’
. OR ‘Subsequent’

c. Pregnancy
. OR ‘Obstetric’
. OR ‘Pregnancy’

d. Results
. OR ‘Outcomes’

(a) AND (b) AND (c) AND (d)
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2�pre-SS; 2�pre-PsA; 1�pre-JIA; 1�pre-IPA; and
1�pre-AS. Numbers of APOs in the pre-ARD group were
compared with numbers of APOs in other comparator
groups, including GenPop pregnant women (in 20 studies)
and pregnant women fulfilling criteria for an ARD (in 15
studies). Two of 27 studies lacked any comparator group.
We did not find any articles that met our inclusion criteria
for either Still’s disease or palindromic rheumatism.

Pregnancy outcomes in preARD patients

We subdivided our analysis of pregnancy outcomes and
their association with subsequent ARDs into three

groups: pre-SLE, shown in Table 2; pre-RA, shown in
Table 3; and other pre-ARDs, shown in Table 4.

Pregnancy outcomes in pre-SLE vs SLE and GenPop
pregnant women
Fourteen studies examined pregnancy outcomes in
mostly single-centre retrospective studies (8/14) with
moderate (1/14), low (10/14) or very low (3/14) grades of
evidence. While 7/14 of the total were cohort studies,
the other seven were case–control studies [3–5, 8, 9,
14–22]. In these studies, pre-SLE pregnancies were
compared with GenPop pregnancies in 11 studies and
with SLE pregnancies in 10 studies.

Comparing pre-SLE and GenPop pregnancies, we
found the majority (10/11) of the studies with moderate
[14] and low [3–5, 8, 9, 15–18] grade of evidence
described an increased risk of APOs in the pre-SLE
group (Table 2). However, one study [19] with a low
grade of evidence did not find significant differences be-
tween the groups. Similarly, when comparing SLE and
pre-SLE pregnancies, most (7/10) of the collected stud-
ies (five with a low [3–5, 8, 15] and two with a very low
[20, 21] grade of evidence) found a greater proportion of
APOs in the SLE group. While one low-grade-of-
evidence study [9] described similar outcomes between
SLE and pre-SLE, one other study [22] with a very low
grade of evidence reported a higher percentage of APOs
in the pre-SLE group than in the SLE group. One
moderate-grade-of-evidence study by Arkema et al. [14]
reported a comparable number of obstetric complica-
tions in the SLE group of women and in the group of
women who developed the disease within 0–2 years after
the pregnancy. However, both groups had a higher risk
of APOs than the pre-SLE patients who developed the
disease within 2–5 years.

Pregnancy outcomes in pre-RA vs RA patients and
GenPop pregnant women
Fifteen (5 prospective and 10 retrospective) studies were
identified examining pregnancy outcomes in pre-RA
patients. While 8/15 were single-centre studies with a
low grade of evidence, 7/15 were multicentre studies
with a moderate (2/7) or a low (5/7) grade of evidence [6,
7, 9–11, 18, 19, 23–30]. In these studies, pre-RA preg-
nancies were compared with pregnancies of GenPop
pregnant women (in 13 studies) and pregnancies of
women with RA (in 2 studies).

Comparing pre-RA and GenPop pregnant women, we
found the majority (10/13) of the studies (with a moder-
ate [10, 26] and a low [9, 11, 19, 23–25, 27, 30] grade of
evidence) described a similar risk of APOs between the
groups (Table 3). However, two studies [6, 18] with a low
grade of evidence did find a significant increased risk of
APOs in the pre-RA group when compared with GenPop
pregnant women, and one study was inconclusive [7]. In
addition, when comparing RA and pre-RA pregnancies,
two studies [28, 29] with a low grade of evidence found
a similar risk of APOs before and after the RA diagnosis.

TABLE 1 Definitions of the used terms in this systematic
review

Term Definition

Pre-SLE Patients who, over subsequent years,
developed SLE according to international
classification criteria

Pre-RA Patients who, over subsequent years,
developed RA according to international
classification criteria

Pre-JIA Patients who, over subsequent years,
developed JIA according to international
classification criteria

Pre-SS Patients who, over subsequent years,
developed SS according to international
classification criteria

Pre-SSc Patients who, over subsequent years,
developed SSc according to international
classification criteria

Pre-AS Patients who, over subsequent years,
developed AS according to international
classification criteria.

Pre-AOSD Patients who, over subsequent years,
developed adult-onset Still’s Disease (AOSD)
according to international classification
criteria.

Pre-PR Patients who, over subsequent years,
developed palindromic rheumatism (PR)
according to international classification
criteria.

Pre-PsA Patients who, over subsequent years,
developed PsA according to international
classification criteria.

IPA Patients with �2 swollen joints persisting for �4
weeks [26]. Up to 66% of IPA patients can
develop RA in the subsequent 5 years [49]

HC Pregnant patients without fulfilling criteria for an
autoimmune disease

APO Adverse pregnancy outcomes included were:
pre-eclampsia, new-onset hypertension after
20 weeks gestation, and proteinuria; haemoly-
sis elevated liver enzymes and low platelet
count (HELLP) syndrome; preterm birth,
<37 weeks gestation; recurrent first-trimester
pregnancy loss (>2); spontaneous abortion
(<20 weeks gestation); stillbirth (>20 weeks
gestation); foetal loss (spontaneous abortion
plus stillbirth); intrauterine growth restriction
(IUGR), below-normal growth; small-for-gesta-
tional-age (SGA), birth weight below the 10th
percentile for the appropriate gestational age.

Risk of adverse pregnancy outcomes prior to the onset of an ARD
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Pregnancy and maternal outcomes in pre-ARD vs ARD
patients and GenPop pregnant women
Seven studies examined the impact of other pre-ARDs
(including pre-SSc, pre-SS, pre-PsA or pre-JIA) on preg-
nancies in comparison with pregnancies in GenPop
women and/or women with an ARD, with 4/7 being
multicentre retrospective, 2/7 single-centre (1 retros-
pective and 1 prospective) and 1/7 dual-centre retro-
spective studies. All studies had a low grade of evidence
[9, 17–19, 28, 30, 31].

The majority (4/7) of these studies found either a
higher risk of subsequently developing an ARD after
experiencing an APO, or an increased risk of APO in the
pre-ARD group compared with GenPop pregnancies
(Table 4). However, 2 studies [9, 30] found a similar rate
of APOs when pre-ARD pregnant women were com-
pared with GenPop pregnant women. In addition, 1

study [28] found a similar risk of APOs before and after
the RA and PsA diagnoses. All studies were assessed as
having a low grade of evidence.

Discussion

Overall, we found evidence suggesting an increased inci-
dence of APOs in pre-SLE but not pre-RA patients when
compared with GenPop pregnant women. Fewer studies
examined pregnancy outcomes in other pre-ARDs, but
the largest study (of 1.5 million pregnancies) reporting a
significant increase in APOs in women who subsequently
developed various ARDs compared with those who did
not.

An increased risk of maternal and foetal morbidity and
mortality has been widely described in women with
ARDs compared with the GenPop [32–34]. This

FIG. 1 Flow diagram of articles selected for final analysis

Original search of PubMed: N = 176 

Ar�cles selected for full review: N = 12 

Excluded ar�cles (reviews, 
duplica�ons, irrelevant, non-English 
and non-Spanish language): N = 166 

Ar�cles selected for inclusion: N = 9 

Final number of total ar�cles: N = 27 

Ar�cles excluded on full review due 
to ineligibility: N = 3 

Further ar�cles from reference 
lists: N = 18 
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TABLE 2 Data from original studies of pregnancy outcomes in pre-SLE patients

First
author

Suspected
autoimmune
disease

Study design No. of patients/
pregnancies (pre-ARD/
ARD/controls)

Pregnancy outcomes
(pre-ARD/ARD/controls)

Summary of findings Grade of
evidence

Arkema E SLE Multicentre
prospective
study

13 598 patients (551 SLE; 65
pre-SLE to SLE in
0–2 years; 133 pre-SLE to
SLE in 2–5 years; 12 847
HCs/13 598 pregnancies
(551 SLE; 65 pre-SLE to
SLE in 0–2 years; 133 pre-
SLE to SLE in 2–5 years;
12 847 HCs)

SLE vs pre-SLE (0–2 years) vs
pre-SLE (3–5 years) vs HCs

Pec: 16% vs 26% vs 13% vs
5%; PB: 23% vs 30% vs
16% vs 6%; SGA: 14% vs
18% vs 14% vs 3%

Unfavourable maternal and
foetal outcomes are
observed in pregnancies
occurring prior to the
diagnosis of SLE

Moderate

Barnardo A SLE Single-centre
retrospective
study

437 patients [220 (pre-SLE þ
SLE); 217 HC]/1271 preg-
nancies (pre-SLE: 337;
SLE: 147; unknown other:
93; HCs: 694)

Pre-SLE vs SLE vs HCs
APO: 34% vs 51% vs 19%;

SA: 12% vs 6.5% vs 9%; ST:
2.6% vs 3.4% vs 0.7%; PB:
9% vs 17% vs 4%; Pec: 8%
vs 9.5% vs 4%

Increased risk of APOs in
both pre-SLE and overt
SLE patients compared
with controls; the
presence of a predisease
state that negatively
impacts pregnancy
outcomes.

Low

Petri M SLE Single-centre
retrospective
study

546 patients [203 (pre-
SLEþSLE); 343 HC]/1403
pregnancies [481(pre-
SLEþSLE); 922 HCs]

Pre-SLE vs SLE vs HCs
PL (STþSAþmiscarriages):

19% vs 27% vs 11%; PB:
6% vs 24% vs 4%

PL and preterm delivery
are significantly
increased in both
pre-SLE and overt SLE
pregnancy vs controls

Low

Hardy C SLE Single-centre
retrospective
study

414 patients [138 (pre-SLE þ
SLE); 276 HCs]/929 preg-
nancies (270 pre-SLE; 47
SLE; 612 HCs)

Pre-SLE vs SLE vs HCs
PL (STþSAþmiscarriagesþ

ectopic pregnancy): 15% vs
23% vs 8%

PL was not significantly
different between the
pre-SLE and SLE
groups. However, PL
was higher in both vs
controls, suggesting a
higher risk of APOs in
lupus women prior to
diagnosis.

Low

Dhar P SLE Single-centre
retrospective
study

51 084 patients all with live
births (15 pre-SLE; 69
SLE; 51 000 HCs)/51 084
pregnancies (15 pre-SLE;
69 SLE; 51 000 HCs)

Pre-SLE vs SLE vs HCs
PB: 20% vs 27% vs 15%;

LBW: 13% vs 28% vs 15%;
ELBW: 13% vs 9% vs 4%;
SGA: 13% vs 10% vs 5%

Poor foetal outcomes are
seen in pregnancies that
are complicated by
lupus, even before
clinical appearance of
disease, which supports
a predisease state.

Low

Julkunen H SLE Single-centre
retrospective
study

204 patients [112 (pre-
SLEþSLE); 192 HCs]/656
pregnancies (134 pre-SLE;
105 SLE; 417 HCs)

Pre-SLE vs SLE vs HCs
IUGR: 7% vs 13% vs 1.5%;

SA(<22ws): 12% vs 19% vs
9%; ST: 0% vs 2% vs 0%;
PB: 7% vs 27% vs 5%

Relative risk of foetal loss,
preterm birth and IUGR
was greater in overt SLE
than before diagnosis
and in the control group.

Low
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TABLE 2 Continued

First
author

Suspected
autoimmune
disease

Study design No. of patients/
pregnancies (pre-ARD/
ARD/controls)

Pregnancy outcomes
(pre-ARD/ARD/controls)

Summary of findings Grade of
evidence

Johns K SLE Single-centre
retrospective
study

28 patients (pre-SLEþSLE)/
54 pregnancies (10 pre-
SLE; 44 SLE)

Pre-SLE vs SLE
LB: 70% vs 63%; SA: 20% vs

30%; ST: 10% vs 7.5%

Women with a
predisposition to
developing SLE have a
higher risk of an APO,
and this risk increases
with clinical disease ac-
tivity. Mild SLE seems to
have better foetal
outcomes.

Very low

Kiss E SLE Single-centre
retrospective
study

99 patients (pre-SLEþSLE)/
263 pregnancies (202 pre-
SLE; 61 SLE)

Pre-SLE vs SLE
LB: 76% vs 39%; SA: 2% vs

12%; ST: 0.6% vs 0%

LB increased in before vs
after group. However,
SAs are more frequent in
women with SLE. No dif-
ferences were found be-
fore or after the
development of the ARD
in terms of stillbirth.

Very low

Kleinman D SLE Single-centre
retrospective
study

21 patients (pre-SLEþSLE)/
56 pregnancies (pre-
SLEþSLE)

Pre-SLE vs SLE
LB: 46% vs 85%; SA: 36% vs

10%; ST: 18% vs 3%

The percentage of LBs was
lower in before vs after
group; the percentage of
SA and ST increased in
before vs after group.

Very low

Ulff-Moller
C

SLE Multicentre
retrospective
study

1 390 000 patients (737 pre-
SLE; 1 389 263 HCs)/No.
of pregnancies NF

Risk of SLE in patients with 1
or more SAs (RR 1.43; 95%
CI 1.08, 1.88) compared
with those with no previous
SA; risk of SLE in patients
with 1 or more STs (RR 3.93;
95% CI 1.95, 6.96) com-
pared with those without
previous ST; risk of SLE in
patients with 1 or more
missed abortions (RR 2.13;
95% CI 1.48, 2.98) com-
pared with those without a
past missed abortion

Women who experienced
SA, missed abortions, or
ST are at increased SLE
risk

Low

Pre-SLE: SLE before the onset; HC: healthy control; APO: adverse pregnancy outcome; LB: live birth; PB: preterm birth; SA: spontaneous abortion; ST: stillbirth; PL: pregnancy loss
(SAþST); Pec: pre-eclampsia; IUGR: intrauterine growth restriction; LBW: low birth weight; ELBW: extreme low birth weight; NF: not found.
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TABLE 3 Data from original studies of pregnancy outcomes in patients with RA and other inflammatory arthropathies

First
author

Suspected
autoimmune
disease

Study design No. of patients (pre-ARD/
ARD/controls)/pregnancies

Pregnancy outcomes
(pre-ARD/ARD/control
pregnancies)

Summary of findings Grade of
evidence

Ma K RA Multicentre
retrospective
study

1304 patients (202 pre-RA;
1102 HCs)/1304 pregnan-
cies (202 pre-RA; 1102 HCs)

Pre-RA vs controls
LBW: 18% vs 14%; ELBW:

2% vs 1%; PB: 17% vs 13%

Prior LBW deliveries and
preterm births were more
common among pre-RA
cases than controls, but the
differences were not
statistically significant.
There is a higher risk of RA
among parous women after
delivery of an extremely
small neonate as compared
with delivery of a normal-
birth-weight infant

Low

Kay A RA Single-centre
prospective
study

418 patients [premenopausal
onset RA (PRE): 98 RA/98
HCs; postmenopausal onset
RA(POST): 111 RA/111
HCs]/pregnancies: PRE (156
RA/240 HCs)/POST (172
RA/235 HCs)

PREmenopausal onset RA vs
HCs

LB: 82% vs 90%; SA: 16% vs
9%; ST: 2% vs 0.4%

POSTmenopausal onset RA vs
HCs

LB: 90% vs 86%; SA: 8% vs
11%; ST: 2% vs 2.5%

Not clear association between
APO and a subsequent
development of RA

Low

Silman AJ RA Single-centre
retrospective
study

107 patients (40 RAþpre-RA;
67 HCs)/295 pregnancies
(113 RAþpre-RA; 182 HCs)

RA vs HCs
ST: 6% vs 0.5%; SA: 11% vs

8%

All the stillbirths in the RA/
pre-RA group were
presented before the onset
of the disease. While
significant differences were
found in terms of ST
between groups, these
differences were not found
in terms of SA.

Low

Spector TD RA Single-centre
retrospective
study

657 patients (195 pre-RA; 223
OA; 229 HCs)/1840 preg-
nancies (519 RA; 679 OA;
642 HCs)

Pre-RA vs OA vs HC
LB: 88% vs 80% vs 85%; SA:

14.3% vs 27.5% vs 19.2%;
ST: 4.6% vs 4.3% vs 3%;
induced abortions: 6.7% vs
5.1% vs 6.1%

Women with RA do not have a
statistically significant
increased rate of SAs or STs
before the onset of the
disease; having a SA may
have a potential ‘protective
effect’ on the development
of RA.

Low

Symmons DP RA Multicentre
retrospective
study

230 patients (115 pre-RA; 115
HCs)/No. of pregnancies NF

Pre-RA vs HC
Parity: 80% vs 77%;

miscarriages: 24% vs 19%

No significant association
between groups in terms of
APOs.

Low
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TABLE 3 Continued

First
author

Suspected
autoimmune
disease

Study design No. of patients (pre-ARD/
ARD/controls)/pregnancies

Pregnancy outcomes
(pre-ARD/ARD/control
pregnancies)

Summary of findings Grade of
evidence

Van dunne F RA Single-centre
retrospective
study

110 patients (106 pre-RA þ 4
RA)/No. of pregnancies NF

Rate of miscarriage: pre-
RAþRA: 15%; general
population: 12–15%

Miscarriage rates before dis-
ease onset in patients with
RA are comparable with
those reported in the general
population, but after the dis-
ease has developed, a his-
tory of miscarriage may lead
to a greater rate of joint
destruction.

Low

Alvarez-
Nemegyei J

RA Single-centre
retrospective
study

47 patients (pre-RA: 29; RA:
36)/120 pregnancies (pre-
RA: 61; RA: 59)

Pre-RA vs RA
Rate of Pec: 1.7% vs 11.5%

(P ¼0.12); miscarriages:
18% vs 12% (P ¼0.54)

Compared with pre-RA ob-
stetric events, a higher fre-
quency and number of
adverse outcomes was
found in pregnancies that
occurred after RA onset.

Low

Nelson JL RA Multicentre pro-
spective study

749 patients (144 pre-RA; 605
HCs)/2375 pregnancies (455
pre-RA; 1920 HCs)

Pre-RA vs HCs
SA: 23% vs 23%; ST: 3% vs

3%; ectopic pregnancy: 3%
vs 2%

No evidence for difference in
pregnancy outcome in
patients who subsequently
developed RA.

Moderate

Camacho EM IPA Multicentre pro-
spective study

1589 IPA patients/1589
pregnancies

25%: 1 APO; 8%: 2 APO; 3%:
3 APO (before the onset).
Rate of ST: 14.5/1000; rate
of SA: 12.6/100 (similar to
UK population)

Similar rates of STs and SAs
to that of the general popu-
lation. Gravid women with a
history of 2 or more APOs
prior to IPA onset have a
worse prognosis in terms of
disease than those with 1 or
no APOs.

Moderate

Kaplan D RA Single-centre
prospective
study

210 patients (96 pre-RA; 113
HCs)/798 pregnancies (pre-
RA: 366; HCs: 432)

Pre-RA vs HCs
SA: 25% vs 16%; LB: 74% vs

79%

The risk of SA in the pre-RA
group was significantly
higher than in the HC group.

Low

Pre-RA: RA before the onset; IPA: inflammatory polyarthritis; AD: autoimmune disease; HC: healthy control; APO: adverse pregnancy outcome; LB: live birth; PB: preterm birth; SA:
spontaneous abortion; ST: stillbirth; PL: pregnancy loss (SAþST); Pec: pre-eclampsia; IUGR: intrauterine growth restriction; AP: abruptio placentae; LBW: low birth weight; ELBW:
extreme low birth weight; RR: relative risk; NF: not found; OA: osteoarthritis.
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TABLE 4 Data from original studies of pregnancy outcomes in patients with other pre-ARDs

First
author

Suspected
autoimmune
disease

Study design No. of patients (pre-ARD/
ARD/controls)/pregnancies

Pregnancy outcomes
(pre-ARD/ARD/control
pregnancies)

Summary of findings Grade of
evidence

Kither H SLE, APS,
CTD

Multicentre
retrospective
study

117 446 patients (61 pre-SLE;
422 other ARD; 59 pre-APS;
116 904 HCs)/117 446 preg-
nancies (20 123 with a
previous APO; 97 323 HCs)

20123 patients with a previous
APO were matched with
97 323 patients with uncom-
plicated pregnancies.
Women with a previous APO
had increased risk of devel-
oping an ARD or autoin-
mune antibodies (RR 3.20).
This risk was greatest fol-
lowing a ST (RR 5.82) but it
was also higher for miscar-
riage (RR 3.41), Pec/Ec (RR
2.05); PB (RR 2.35); AP (RR
3.39) and IUGR (RR 2.69).
Conversely, livebirth was
protective against the diag-
nosis of ARD or APS (RR
0.31)

APO is associated with a
significant greater risk of
subsequent development of
an autoimmune disease. A
history of stillbirth has been
strongly related, with
subsequent diagnosis of
both SLE and APS.

Low

Wallenius M RA/PsA/AS/
JIA

Multicentre
retrospective
study

393 patients
(RAþPsAþASþJIA)/
1000 548 pregnancies [548
(pre-ARD including
pre-RAþpre-PsAþ
pre-ASþpre-JIA); 1 000 000:
HCs]

Pre-ARD (first birth) vs HCs
Pec: 4.9% vs 4.7%; SGA:

12.6% vs 12.1%; perinatal
mortality: 0.7% vs 0.9%; PB:
7% vs 6.3%

Pre-ARD (subsequent births)
vs HCs

Pec: 3.8% vs 2.1%; SGA:
5.3% vs 7.5%; perinatal
mortality: 1.1% vs 0.8%; PB:
4.6% vs 4.9%

APO before the diagnosis
(pre-ARD) did not differ from
HCs, with the exception of a
higher risk of Pec after
adjustment for maternal age
at delivery. Excess risks of
APOs in women diagnosed
as having chronic
inflammatory arthritides,
including a higher rate of
perinatal mortality compared
with HCs.

Low

Dissanayake
TD

RA/PsA Multicentre
retrospective
study

103 (RA þPsA)/234
pregnancies (164 pre-
disease/70 post-disease)

Pre-RA/PsA vs Post-RA/PsA
LBW: 4.8% vs 7%; birth

defects: 6.3% vs 5.5%; neo-
natal medical complications:
15.1% vs 21.8%; neonatal
ICU complications: 3.2% vs
14.5%

A statistically increased
neonatal ICU admission rate
in pregnancies occurring
after the diagnosis of RA/
PsA. However, no
statistically significant
results were found in terms
of low birth weight, neonatal
medical complications or
birth defects when the
pre- and post-RA/PsA
groups were compared.

Low
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TABLE 4 Continued

First
author

Suspected
autoimmune
disease

Study design No. of patients (pre-ARD/
ARD/controls)/pregnancies

Pregnancy outcomes
(pre-ARD/ARD/control
pregnancies)

Summary of findings Grade of
evidence

Jorgensen KT RA, SLE, SS Multicentre
retrospective
study

1 564 567 patients (51 732 with
a subsequent ARD;
1 512 835 HCs)/No. of preg-
nancies NF

RR of develop an ARD in
women with a previous APO
vs women without gestation-
al complications

Hyperemesis (RR¼1.41; 95%
CI 1.30, 1.51), gestational
hypertensive disorders (1.21;
1.16, 1.26), SA (1.10; 1.07,
1.14) and ST (1.25; 1.12,
1.40).

Overall, compared with
women without the specific
pregnancy experiences, the
risk of any ARD (including
RA, SLE, SS and another 28
autoimmune diseases) was
significantly increased for
women with hyperemesis,
gestational hypertensive dis-
orders, SAs or ST.

Low

Siamopoulou-
Mavridou A

RA/SLE/SS/
SSc/MCTD

Single-centre
retrospective
study

252 patients [(40 SLE; 72 RA;
21 SS; 14 SSc; 7 MCTD; 98
HCs)]/686 pregnancies (pre-
SLE: 81; SLE: 14; pre-RA:
191; RA: 15; pre-SS: 63;
pre-SSc: 36; MCTD: 19;
HCs: 267)

Pre-SLE vs SLE vs pre-RA vs
RA vs pre-SS vs pre-SSc vs
MCTD vs HCs

LB: 85% vs 79% vs 81% vs
73% vs 76% vs 78% vs
84% vs 85%; PB: 5% vs 7%
vs 1% vs 0% vs 0% vs 0%
vs 0% vs 1%; SA: 9% vs 0%
vs 16% vs 27% vs 21% vs
22% vs 16% vs 12%; ST:
1% vs 14% vs 2% vs 0% vs
3% vs 0% vs 0% vs 3%; FL
(SAþST): 10% vs 14% vs
18% vs 27% vs 24% vs
22% vs 16% vs 15%

Subclinical factors in patients
with ARD before their dis-
ease onset, do not appear to
influence significantly the
outcomes of pregnancies of
these individuals.

Low

McHugh NJ RA/SLE Single-centre
prospective
study

319 patients (117 RA; 74 SLE,
28 SSc, 100 HCs)/816 preg-
nancies (292 RA; 131 SLE;
81 SSc; 312 HCs)

Pre-RA vs pre-SLE vs pre-SSc
vs HCs

SA: 15% vs 10% vs 33% vs
16%

Women destined to develop
SSc, in contrast to SLE and
RA, have an increased risk
of SA compared with HC.

Low

Van Wyk L SSc Dual-centre
retrospective
study

206 patients (103 pre-SSc;
103 HCs)/502 pregnancies
(254 pre-SSc; 248 HCs)

Pre-SSc vs HCs
Hypertensive disorders: 26%

vs 13%; IUGR: 13% vs 4%;
miscarriages: 32% vs 1%

Women who later developed
SSc, there was an increased
incidence of pregnancy
complications, such as
hypertension, IUGR or mis-
carriages; compared with
controls.

Low

Pre-SLE: SLE before the onset; pre-APS: APS before the onset; pre-RA: RA before the onset; HC: healthy control; APO: adverse pregnancy outcome; PB: preterm birth; SA: spon-
taneous abortion; ST: stillbirth; SGA: small-for-gestational-age; Pec: pre-eclampsia; Ec: eclampsia; IUGR: intrauterine growth restriction; AP: abruptio placentae; LBW: low birth
weight; ICU: intensive care unit; RR: relative risk; MCTD: Mixed Connective Tissue Disease; NF: not found.
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increased risk has been firmly established in SLE by sev-
eral large (mostly retrospective) population-based studies
and a 2016 meta-analysis demonstrating an increased
risk of a range of maternal and foetal APOs, such as
gestational hypertension, pre-eclampsia, pre-term labour,
intrauterine growth restriction (IUGR) and small-for-
gestational-age [1, 35, 36]. In RA pregnancies, there are
conflicting reports of the occurrence of APOs. Overall,
most studies found women with RA to have a signifi-
cantly increased risk of gestational hypertension, pre-
eclampsia, IUGR, premature delivery, and caesarean
delivery, and an increased length of hospital stay, al-
though not all studies found a significant association
with hypertensive disorders of pregnancy [1]. In SLE and
RA pregnancies, however, there are clear links between
increased disease activity immediately prior to and dur-
ing pregnancy and subsequent APOs [37].

It is less clear, however, whether an increased risk of
APOs exists in women before they are diagnosed with
an ARD many years post-partum. Classification criteria
developed to identify a homogeneous group of patients
with a specific ARD for inclusion in research studies are
widely used in clinical practice to aid diagnosis and man-
agement [38–39]. Not all patients, however, fulfil the rele-
vant classification criteria, and while they cannot then be
included in research studies they can be described as
having either incomplete or non-criteria forms of the dis-
ease and treated accordingly [40–41]. It has been shown
that up to 50% of patients with incomplete forms of
lupus progress to SLE [42], and �20% of patients with
clinically suspect arthralgia progress to RA [43].
Therefore, not all patients with incomplete ARDs will pro-
gress to complete forms of disease. In contrast, the con-
cept of a pre-ARD has been used to refer to patients
who later in life developed an ARD. It is most recognized
in RA, where the transition from health to established
disease is relatively well understood, such that EULAR
recommendations including terminology relating to pre-
RA [44] and a set of clinical characteristics describing
arthralgia at risk of RA [45] have been established.
Studies leveraging the large, longitudinal Department of
Defence Serum Repository have shown that, for many
patients, SLE classification is preceded by a period of
autoantibody positivity and other immune dysregulation,
even in the absence of clinical symptoms [46, 47]. For
the purpose of this review, we defined preclinical disease
as subsequent diagnosis with a complete form of ARD.
Fourteen articles examined APO in pre-SLE (n> 1000
pre-SLE pregnancies), GenPop pregnant women and/or
SLE patients [3–5, 8, 9, 14–22]. Overall, the reported
findings demonstrate an increased risk of APOs in pre-
SLE pregnancies and support the idea that a preclinical
state of SLE disease negatively affects pregnancy out-
comes. In line with this result, a series of studies by
Spinillo et al. reported that women with an unrecognized
ARD before conception had an increased risk of devel-
oping APOs compared with healthy pregnant women
[48–50]. None of the 14 studies identified proposed any
specific intervention related to preclinical disease other

than appropriate management of APOs. APOs such as
pre-eclampsia, IUGR or preterm birth, can be an early
manifestation of an ARD, and therefore they may alert
clinicians. A review by Spinillo et al. [51] also reported
the importance of being aware that ARDs in their early/
undifferentiated stages can affect pregnancy by increas-
ing the chances of developing APOs. Our results under-
line the importance of questioning patients about their
past obstetric history when evaluating possible develop-
ment of subsequent ARDs. In addition, the development
of novel screening strategies and/or discovery of new
biomarkers to recognize those patients before onset of
the ARD might reduce APOs. A recent study from Nalli
et al. [52] found that decreased complement levels be-
fore pregnancy were associated with an increased risk of
APOs in patients with APS who were triple (aCL, anti-
ß2Glycoprotein I and LA) positive and asymptomatic
triple-positive aPL carriers. Complement levels are cheap
and easily measured and are known to be involved in
the physiopathology of ARDs [53, 54]. Therefore, meas-
urement of complement in addition to other biomarkers
associated with APOs (e.g. aPL and anti-Ro/La antibod-
ies) may prove useful in patients with initial symptoms of
ARDs to identify patients at increased risk of APOs.

The second group of publications we found examined
pre-RA pregnancy outcomes (n> 1600 pre-RA pregnan-
cies). Of 15 studies [6, 7, 9–11, 18, 19, 23–30] examining
pregnancy outcomes in women with pre-RA, GenPop
pregnant women and/or RA patients, most did not find
any differences in pregnancy outcomes between patients
who subsequently developed RA and healthy controls
(HCs).

The third group of publications (n> 900 pre-ARD preg-
nancies) examined pregnancy outcomes in a wide variety
of pre-ARDs (eg: pre-SSc, pre-SS, pre-PsA). Less data
exists on pregnancy outcomes in these populations
compared with RA and SLE, and it is even more limited
when comparing them with pregnancy outcomes in their
pre-ARD states. We found only seven articles examining
the impact of other pre-ARDs on pregnancy outcomes.
Therefore, it is difficult to draw conclusions, given the
small numbers of patients, the low quality of the evi-
dence, and the disparate immunopathology of ARDs
included in this section.

Jorgensen et al. [18] proposed that abnormal pregnan-
cies are associated with increased risk of certain ARDs,
possibly because of underlying immunologic or hormonal
factors that predispose to both APOs and ARD develop-
ment. Spontaneous losses may have a different patho-
genesis than other APOs, such as IUGR, stillbirth or
pre-eclampsia. While spontaneous loss complications
are mainly related to genetic abnormalities, or endocrine
or anatomical factors [55], the other named APOs may
be caused by vascular placental insufficiency [56].
Spontaneous losses are also frequently underestimated,
due to underreporting, so information on their frequency
should be cautiously interpreted.

The precise mechanisms of APOs remain unknown. It
is likely that the pathogenic mechanisms of APOs in

Risk of adverse pregnancy outcomes prior to the onset of an ARD
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pre-ARDs will be similar to those identified in ARDs,
including defects in various immunoregulatory pathways
leading to activation of inflammatory mediators, and
endothelial damage at the materno–foetal interface caus-
ing placental insufficiency [56, 57]. Therefore, abnormal-
ities present during preclinical disease, such as the
development of asymptomatic autoimmunity and elabor-
ation of an immune or inflammatory response [2], may
be responsible for APOs in the pre-disease state. We
found the greatest risk of APOs in pre-SLE pregnancies
compared with other pre-ARDs. Ullf-Moller [16] hypothe-
sized that poor foetal outcomes might be indicative of a
pre-disease state in which subclinical SLE complicates
pregnancies before the disease itself becomes clinically
apparent. Kither et al. [17] proposed that either immuno-
logical factors may predispose women to APOs and sub-
sequent ARD diagnosis or that APOs initiate
autoimmune events that culminate in ARDs in later life.
Ultimately, further research is required to elucidate the
precise mechanisms and determine whether any specific
intervention is required.

Limitations of the literature
Our findings are limited by the high heterogeneity in the
methodology of the various studies we identified, such
as: the small number of patients and pregnancies in
some studies; the differences in the included pregnan-
cies (multiple pregnancies or singletons); the lack of dis-
ease activity data in those with confirmed/complete
disease; the use of self-reported surveys of previous
APOs, where quality would be downgraded due to selec-
tion and recall bias; the scarcity of data on timing of
pregnancy and ARD onset; and the lack of either a
healthy pregnancy and/or ARD control group.

We have tried to consider how these limitations may
have impacted our findings. Regarding the sample size,
it is known that confounding may occur with small sam-
ple size; however, wherever you draw a cut-off for sam-
ple size, the result remains the same, since nearly all
(10/11 studies in pre-SLE vs GenPop pregnancies; 7/10
studies in pre-SLE vs SLE studies and 10/13 studies in
pre-RA vs GenPop pregnancies) found the same result.
Considering only studies with �200 (pre-ARDþARD)
pregancies, we found that: 6/7 studies [3, 4, 14, 16–19]
reported that pre-SLE patients have increased APOs
compared with the GenPop; 2/3 studies [3, 4, 14]
reported that SLE patients experienced more APOs than
pre-SLE pregnancies. In addition, 5/6 of the RA studies
[18, 19, 23, 26, 27, 30] found that pre-RA patients have
similar pregnancy outcomes to the GenPop. Therefore,
the results of this secondary analysis are in line with our
previous conclusions in the manuscript, and sample size
does not appear to have been an important bias for our
systematic review.

It is hard to determine the precise impact of the other
limitations, due to the small number of papers that
addressed each one, and their findings were similar to
the majority of other papers with these potential limita-
tions. For instance, inclusion of single/multiple pregnan-
cies may adversely affect comparison of outcomes, such

as birthweight, that increase with subsequent pregnan-
cies, yet only 1/21 studies [14] clearly stated whether
pregnancies were single/multiple. The lack of disease ac-
tivity data is important, since active disease is known to
be associated with APOs, and only 4/15 studies [21, 25,
26, 28] with an ARD control group evaluated disease ac-
tivity in those patients. Self-reported surveys of previous
APOs may be prone to recall bias or error, and 8/21 of
the studies [7, 11, 23–26, 28, 29] performed a survey to
extract personal information about patients who were no
different from remaining studies of clinician-reported out-
comes. The timing of pregnancy in relation to onset of
the ARD is important, since disease onset within
6 months of an APO may have a different pathogenesis
compared with disease that develops several years after
the APO, and only 2/21 studies [14, 15] described this
data. Although a lack of healthy and/or ARD pregnancy
control groups would hamper interpretation of findings in
pre-ARD pregnancies, 25/27 of the studies were com-
pared with ARD pregnancies and/or GenPop pregnan-
cies. Therefore, we believe that this limitation did not
have a great impact on our results.

In addition, the retrospective nature of many of the
studies often meant there was missing data, such as in-
complete information on the various possible complica-
tions during pregnancy, or lack of information on
treatments used and/or other comorbidities, which lim-
ited our ability to identify associations with APO.
Therefore, the overall quality of the evidence was low,
which limits the strength of our conclusions.

In terms of the pre-RA studies, another limitation we
found was the limited information about positivity for
relevant antibodies such as RF or anti-CCP in the pre-
RA pregnancy outcomes.

Furthermore, potential publication bias could affect the
strength of any systematic review, as some papers with
null results to this hypothesis were possibly not published.

Conclusion
Overall, published studies found that patients with SLE
have the highest risk of APOs, while pre-SLE pregnan-
cies also have an increased burden of APOs when com-
pared with GenPop pregnant women. In contrast, a
similar rate of APOs was reported when pre-RA and
healthy pregnancies were compared. Pre-SSc was asso-
ciated with an increased risk of spontaneous abortion,
but a similar risk of obstetric complications to that of the
GenPop was found in the included studies when other
pre-ARDs were examined. These findings highlight the
importance of taking an obstetric history at the first re-
view in a rheumatology clinic, the need for novel screen-
ing strategies for the prediction of APOs, and for further
research to elucidate the immune basis of APOs in pre-
clinical and clinical ARD.
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