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Abstract 

Background  There is a high prevalence of autoimmune conditions in women specially in the reproductive years; 
thus, the association with adverse pregnancy outcomes has been widely studied. However, few autoimmune condi‑
tions/adverse outcomes have been studied more than others, and this umbrella review aims to consolidate existing 
knowledge in this area with the aim to provide new knowledge and also identify gaps in this research area.

Methods  Medline, Embase, and Cochrane databases were searched from inception to December 2023. Screening, 
data extraction, and quality appraisal (AMSTAR 2) were done by two independent reviewers. Data were synthesised 
narratively and quantitatively. Relative risks (RR)/odds ratio (OR) with 95% confidence intervals were reported.

Results  Thirty-two reviews were included consisting of 709 primary studies. The review reported the association 
between 12 autoimmune conditions and 16 adverse pregnancy outcomes. Higher risk of miscarriage is reported 
in women with Sjögren’s syndrome RR 8.85 (95% CI 3.10–25.26) and systemic lupus erythematosus (SLE) OR 4.90 
(3.10–7.69). Pre-eclampsia was reported higher in women with type 1 diabetes mellitus (T1DM) OR 4.19 (3.08–5.71) 
and SLE OR 3.20 (2.54–4.20). Women reported higher risk of diabetes during pregnancy with inflammatory bowel 
disease (IBD) OR 2.96 (1.47–5.98). There was an increased risk of intrauterine growth restriction in women with sys‑
temic sclerosis OR 3.20 (2.21–4.53) and coeliac disease OR 1.71 (1.36–2.14). Preterm birth was associated with T1DM 
OR 4.36 (3.72–5.12) and SLE OR 2.79 (2.07–3.77). Low birth weight babies were reported in women with women 
with SLE or systemic sclerosis OR 5.95 (4.54–7.80) and OR 3.80 (2.16–6.56), respectively. There was a higher risk of still‑
birth in women with T1DM OR 3.97 (3.44–4.58), IBD OR 1.57 (1.03–2.38), and coeliac disease OR 1.57 (1.17–2.10). T1DM 
in women was associated with 32% lower odds of small for gestational age baby OR 0.68 (0.56–0.83).

Conclusions  Pregnant women with autoimmune conditions are at a greater risk of developing adverse pregnancy 
outcomes. Further research is required to develop better preconception to postnatal care for women with autoim‑
mune conditions.
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Background
There are over 80 different types of autoimmune con-
ditions with about 80% of those diagnosed with these 
conditions being women [1–3]. The prevalence of auto-
immune conditions is higher in women by almost two-
fold and is often associated with the X chromosome 
[4–7]. For many individual autoimmune conditions, there 
is a higher female-to-male ratio, e.g. systemic lupus ery-
thematosus (SLE) 7:1, Sjogren’s syndrome 9:1, and rheu-
matoid arthritis or systemic sclerosis 3:1 [8–10]. Women 
undergo various hormonal changes throughout their life: 
during puberty, pregnancy, and then in menopause [11]. 
These endocrine transitions in women may increase their 
susceptibility to autoimmune conditions, and many auto-
immune conditions such as SLE, systemic sclerosis, rheu-
matoid arthritis, and psoriasis develop during the female 
reproductive age influenced by the T cell cytokine-medi-
ated response and hormonal, immunological, and bodily 
changes [11, 12]. Earlier literature also reported autoim-
mune conditions as the seventh most frequent underly-
ing cause of death among females in age groups below 
75 years in the UK and USA [5, 13].

There has been an increasing trend of autoimmune 
conditions worldwide. Lerner et  al. estimated the net 
% increase per year for the incidence and prevalence of 
autoimmune conditions is 19.1% and 12.5%, respectively, 
in the last 30 years [14, 15]. This increasing trend is due 
to many environmental factors like lifestyle changes, 
changes in diet, and exposure to certain infections and 
drugs [16–23]. With this increase in the prevalence and 
thereby an increased number of pregnancies presenting 
with autoimmune conditions, it is pertinent to have a 
clear idea of the adverse pregnancy outcomes associated 
with the specific autoimmune conditions and to identify 
whether these outcomes are unique to specific conditions 
or are shared across the spectrum of autoimmunity.

Symptoms of autoimmune conditions could improve, 
worsen, or remain unchanged when a woman becomes 
pregnant depending upon her specific autoimmune con-
dition. For example, improvement in the symptoms of 
rheumatoid arthritis during pregnancy has been observed 
in some women whereas worsening of symptoms is a 
common feature in SLE [24, 25]. Autoimmune conditions 
may complicate pregnancy as antibodies that the mother 
produces can enter the foetus’s system, e.g. anti-Ro/SSA 
antibodies crossing the placenta and impacting develop-
ment of the foetal heart [26]. These conditions have vari-
able course and are episodic in nature, making it harder 
to determine the impact of pregnancy in triggering and/
or progressing the condition and thereafter its impact 
on the pregnancy outcome [25]. Clinical management of 
pregnancies with autoimmune condition requires inter-
disciplinary care with clear preconception care protocol/

recommendations and clear understanding of the risk of 
adverse pregnancy outcomes [27, 28].

Many systematic reviews have examined the role of 
autoimmune conditions on both maternal and foetal 
outcomes [29–31]. It has been well established that auto-
immune conditions like SLE, and inflammatory bowel 
disease (IBD) may have adverse pregnancy outcomes like 
miscarriage and preterm birth [32–35]. Conditions like 
multiple sclerosis are known to have an adverse effect on 
pregnancy outcomes, but evidence is sparse to support 
this [29, 36]. Some autoimmune conditions have been 
studied more than others with inconsistent findings [37, 
38]. This umbrella review aims to consolidate evidence 
from systematic reviews of the association of common 
autoimmune conditions with pregnancy outcomes in 
order to identify the strength and precision of these asso-
ciations. Also, if foetal or maternal outcomes are shared 
between autoimmune disease, this might suggest a com-
mon pathological process which could be targeted across 
conditions, which will help identify the potential gaps 
in current research to help prioritise the future research 
in autoimmune conditions with limited evidence in this 
area [39].

Methods
This umbrella review aims to summarise the evidence 
available in the form of systematic reviews studying the 
adverse pregnancy outcomes in women with autoim-
mune conditions. This umbrella review has been con-
ducted in accordance with Joanna Briggs Institute (JBI) 
umbrella review methodology [40], and the PRIOR 
(Preferred Reporting Items for Overviews of Reviews) 
checklist was used to report the review [41]. The proto-
col has been registered to PROSPERO (registration num-
ber CRD4202233499). Deviations from the protocol are 
listed in Additional file 1: Table S2.

Inclusion and exclusion criteria
Systematic reviews reporting the associations between 
autoimmune conditions and adverse pregnancy out-
comes were included. No language restriction was 
applied. The population considered were pregnant 
women without any age restriction. We did not include 
reviews where all women who were pregnant were as 
a result of assisted reproductive treatment because this 
presents with its own set of risks. The autoimmune 
conditions that were selected were those that were 
more common in women of reproductive age and after 
consultation with experts in the subject [1, 42]. Fur-
thermore, a scoping search was conducted before final-
ising the list of exposures and outcomes. Autoimmune 
conditions included Addison’s disease, alopecia areata, 
axial spondyloarthropathy (AxSpA), coeliac disease, 



Page 3 of 19Singh et al. BMC Medicine           (2024) 22:94 	

IBD including Crohn’s disease and ulcerative colitis, 
multiple sclerosis (MS), myasthenia gravis, psoriatic 
diseases (including psoriasis and psoriatic arthritis), 
rheumatoid arthritis, Sjögren’s syndrome, SLE, sys-
temic sclerosis, and thyroid autoimmunity (including 
Grave’s disease and Hashimoto’s thyroiditis), and type 1 
diabetes mellitus (T1DM) and vitiligo.

The outcomes included were adverse pregnancy out-
comes which were considered after consultations with 
experts (obstetricians and epidemiologists) and after 
input from patient public involvement and engage-
ment (PPIE) group members. The outcomes definitions 
were defined prior [43], and definitions were com-
pared between the reviews. The outcomes are listed in 
Table 1.

Systematic reviews were included with or without a 
meta-analysis. The identified reviews were carefully 
examined to determine whether the review qualified 
as systematic review [44]. The reviews were excluded 
(1) if the review was not qualified as systematic review, 
e.g. scoping reviews, reviews, protocols, conference 
abstracts; (2) if they did not report the associations of 
the specified autoimmune conditions and adverse preg-
nancy outcome/s or (3) if studying the association of 
drugs for autoimmune conditions and the pregnancy 
outcome/s; (4) if comparing the effects of one autoim-
mune condition to another; and (5) duplicates.

Search strategy
Medline, Embase, and Cochrane database were system-
atically searched from the inception to 15 December 
2023. A robust search strategy was used, and the sys-
tematic review filter was used to limit the searches. The 
search was repeated periodically to identify the latest 
published reviews. The Medical Subject Headings and 
free text search for autoimmune conditions (exposure) 
and pregnancy outcomes were used. The detailed search 
strategy for Medline is presented in Additional file  1: 
Table  S3. This search strategy was adapted for use in 
other databases.

Study selection
Once the literature search was completed, a reference 
management software (EndnoteV.X9) was used to man-
age the studies. After removing duplicate studies, two 
independent reviewers (MS, SW) conducted the title and 
abstract screening, and ineligible studies were excluded. 
Full-text screening of eligible studies was conducted by 
two independent reviewers (MS, SW), and a third senior 
reviewer (FC, KN) was consulted to resolve any discrep-
ancy. The list of excluded studies with reasons for exclud-
ing them is shown in Additional file  1: Table  S4 [31, 
45–103]. We found four non-English reviews. One was in 
Spanish, and three were in Mandarin. Fellow researchers 
with expertise in these languages were consulted. They 

Table 1  Outcomes—adverse pregnancy outcomes

Maternal outcomes
  1. Miscarriage/recurrent miscarriage/spontaneous pregnancy loss

  2. Hypertensive disorders of pregnancy (gestational hypertension pre-eclampsia- early or late onset, recurrent pre-eclampsia, HELLP (haemolysis, 
elevated liver enzymes, and low platelet) syndrome)

  3. Placental disorders (placenta previa, placental abruption, placenta accreta, placenta percreta)

  4. Hyperemesis gravidarum

  5. Gestational diabetes mellitus (GDM)

  6. Ectopic pregnancy

  7. Molar pregnancy/choriocarcinoma

  8. Obstetric cholestasis

  9. Obstetric haemorrhage

  10. Mode of birth: caesarean, instrumental

  11. Perineal trauma—3rd and 4th degree tear

  12. Postpartum depression

  13. Puerperal psychosis

Foetal/neonatal outcomes
  1. Intrauterine growth restriction (IUGR)

  2. Small for gestational age (SGA)

  3. Stillbirth

  4. Preterm birth/recurrent preterm birth

  5. Low birth weight

  6. Neonatal death
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translated the reviews and performed the data extraction 
and quality assessment for these reviews. The review in 
Spanish was excluded after the full text screening, but the 
three reviews in Mandarin were included.

Data extraction
Two independent reviewers (MS, SW) extracted the data 
from the reviews, and in the case of discrepancy, a third 
reviewer (FC, KN) was consulted. Data was extracted 
under the following headings: aim of the review; database 
searched; search period; exposures; comparator; out-
comes; study design(s); definition of exposure; definition 
of outcome; data synthesis method; quality assessment 
tool; quality of the included primary studies as assessed 
by review authors; various characteristics for example 
year of publication, geographical area, type of studies 
included, etc., of the included reviews; effect sizes; and 
conclusion of the review. The authors of the reviews were 
contacted where further information was required. The 
data extraction form used is shown in Additional file 1: 
Table S5.

Quality assessment
Assessment of multiple systematic reviews version 2 
(AMSTAR 2) checklist was completed by two review-
ers independently (MS, SW) to assess the methodologi-
cal quality of the included reviews [104]. In case of any 
disagreements, a third reviewer (FC, KN) was consulted 
to resolve these. The reviews were rated in four catego-
ries: high, moderate, low, and critically low. Out of the 
16 items on the AMSTAR 2 checklist, seven were con-
sidered critical. These were as follows: registration of 
the protocol before starting the reviews, conduct of an 
adequate search of the literature, providing justification 
for the exclusion of individual studies, satisfactory assess-
ment of risk of bias in the studies included in the reviews, 
use of appropriate statistical methods in performing 
a meta-analysis, accounting for risk of bias when inter-
preting the results. If any of these critical domains were 
not fulfilled, then the review was rated as low quality. 
The reviews rated as critically low quality were excluded. 
Details of quality assessment are presented in Additional 
file 1: Table S6.

Reviews with overlapping primary studies and update 
of reviews
When two or more reviews studied the association of the 
same exposure and outcome, it is important to measure 
the extent of overlap in the primary studies included in 
the reviews. We used the corrected covered area (CCA) 
measure to establish the percentage of overlap [105, 106]. 
CCA less than 5 indicates low overlap, and CCA 10 or 
above indicates moderate/high overlap. Where reviews 

had a high overlap, Cochrane review was selected over a 
non-Cochrane review. If there were no Cochrane reviews, 
then a review was selected if it had higher AMSTAR 
quality rating, was conducted recently, included a meta-
analysis, or had a larger sample size [105–107]. Further 
detailed information on dealing with overlapping reviews 
and update of reviews is provided in Additional file 1.

Data synthesis
We firstly categorised the outcomes as maternal and 
foetal/neonatal outcomes. We reported the basic 
characteristics of the included reviews in tables and 
indicated which outcomes the review reported and 
which were retained for the umbrella review after esti-
mating the overlap. The overlap of the reviews was 
quantified through CCA, and the percentage was cal-
culated. (a) CCA > 10% = two reviews with high over-
lap (CCA > 10%)—one review was selected to present 
the results based on the criteria mentioned earlier. The 
effect estimates from that review were presented as it is 
or meta-analysed where it was presented separately for 
cohort and case control studies to get a pooled effect of 
that outcome. (b) CCA < 10% = (few overlapping primary 
studies between the reviews). Data from the unique pri-
mary studies of the overlapping reviews is extracted, and 
meta-analysis (random effect) is performed. Data were 
then extracted (number of exposed, unexposed, and total 
numbers or odds ratio or risk ratio) from these primary 
studies. Using a random effect model, meta-analysis 
was conducted to obtain a pooled effect estimate of the 
outcome in question. (c) CCA = 0% = (no overlapping 
primary studies between the reviews). Data from the 
primary studies of these reviews is extracted, and meta-
analysis (random effect) is performed to get the com-
bined effect estimate. The results were synthesised in 
narrative form, forest plots, and tables. For consistency, 
the effect sizes were converted to odds ratio where pos-
sible [108]. For certain outcomes, the summary estimates 
could not be converted to odds ratio due to missing data. 
R and STATA were used for the analysis.

Results
Literature search
The literature search from Medline, Embase, and 
Cochrane library of systematic reviews identified 2743 
potential reviews. We excluded 392 duplicates. After 
screening 2351 titles and abstracts, 92 full texts were 
screened, of which 43 were excluded, with reason for 
exclusion documented. Forty-nine reviews were initially 
included for appraisal of the study quality and study over-
lap. A further 17 reviews were excluded due to critically 
low study quality and overlaps in the included primary 
studies. Finally, 32 reviews were included in this umbrella 
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review [29, 30, 32–38, 109–131]. Figure  1 shows the 
selection process in accordance with the PRISMA flow 
diagram.

Quality assessment
Of the 49 reviews that were initially included, five 
reviews were excluded due to being critically low in 
quality (assessed using the AMSTAR2 tool). The criti-
cal domains—meaning that a review would be rated as 
high quality review—were as follows: protocol regis-
tered before the commencement of the review (item 2), 
adequacy of the literature search (item 4), justification 
for excluding individual studies (item 7), risk of bias from 
individual studies being included in the review (item 9), 
appropriateness of meta-analytical methods (item 11), 
consideration of risk of bias when interpreting the results 
of the review (item 13), and assessment of presence and 
likely impact of publication bias (item 15) [132]. The five 
reviews which were excluded did not qualify on at least 
three of these critical domains [45, 57, 87, 93, 95]. The 
five reviews which were excluded did not qualify on at 
least three of these critical domains. In the included sys-
tematic reviews, the quality of the primary studies was 
assessed through the Newcastle–Ottawa scale [132]. The 
majority of reviews reported moderate to high quality 
rating of studies.

Overlapping and non‑overlapping association and update 
of reviews
The overlapping association was noted with most auto-
immune conditions reporting various pregnancy out-
comes except for myasthenia gravis, multiple sclerosis, 
and systemic sclerosis, as only one review for each of 
these conditions was identified. The degree of overlap 
(CCA) ranged from 0 to 66%. Out of 41 overlapping asso-
ciations calculated, 34 high overlapping associations with 
CCA ranging from 12 to 66%. Review was selected in 
these cases to report the results based on the above-men-
tioned criteria. Eleven reviews were excluded owing to 
high overlap [31, 48, 53, 55, 63, 78, 88, 96, 97, 101, 103]. 
For six associations, the CCA was between 0 and 7%. 
Random effect meta-analysis was conducted to obtain 
the pooled estimate from the primary studies from these 
reviews without double counting. Details of how the cita-
tion matrix was created and the CCA calculated are given 
in Additional file 1: Text S1 [29, 30, 33–35, 38, 41, 45, 48, 
53, 55, 63, 66, 78, 88, 96, 97, 103, 106, 108, 110–113, 115–
117, 119, 120, 122–125, 127–130, 132–142] and Addi-
tional file  1: Tables S7 and S8. After consultation with 
experts, we decided that none of the reviews required an 
update. More information is in Additional file 1: Text S1 
and Additional file 1: Table S9.

Summary of the results
Of the 32 systematic reviews included, 30 had com-
pleted a meta-analysis, and two synthesised the findings 
narratively. The characteristics of the included system-
atic reviews are presented in Table 2, and details are in 
Additional file 1: Table S11. Figure 3 presents the heat-
map of the association of each autoimmune conditions 
with pregnancy outcomes, highlighting areas with evi-
dence gap, especially for multiple sclerosis and Sjogren’s 
syndrome (Table 3).

More information about heterogeneity and publica-
tion bias is reported in Additional file  1: Text S1 and 
Additional file 1: Table 11.

The effect sizes (odds ratios/risk ratios) of the included 
meta-analysis are shown in Additional file  1: Table  S12, 
and the narrative synthesis conducted by the included 
reviews is in Additional file 1: Table S13.

Maternal outcomes
Figure 2 presents the forest plots of effect sizes from the 
included systematic reviews for maternal outcomes.

Ectopic pregnancy
Significant risk of ectopic pregnancy was reported in 
women with IBD (odds ratio (OR) 1.26 (95% confidence 
intervals 1.11–1.44)). It was also reported that the risk is 
similar for women with Crohn’s disease (OR 1.51 (1.21–
1.88)) and ulcerative colitis (OR 1.50 (1.00–2.23)) [123]. 
No significant association was observed in women with 
coeliac disease (OR 1.21 (0.85–1.71)) or in women with 
SLE (OR 1.79 (0.57–5.59)) [110].

Miscarriage
Higher risk of miscarriage was reported in women with 
Sjögren’s syndrome relative risk (RR) 8.85 (3.10–25.26) 
or SLE OR 4.90 (3.10–7.69) respectively [32, 114]. In the 
presence of thyroid autoimmunity (all antibodies), the 
risk was almost threefold (OR 2.77 (2.10–3.65)) [111]. 
Similar risk was reported with only thyroid peroxidase 
antibody (OR 2.74 (2.12–3.54)) [125]. Significant asso-
ciation of miscarriage was also observed with coeliac dis-
ease (OR 1.38 (1.12–1.69)), rheumatoid arthritis (OR 1.32 
(1.21, 1.43)), psoriasis (OR 1.10 (1.01–1.20)), and sys-
temic sclerosis (OR 1.60 (1.29–2.22)) [29, 31, 109, 128]. 
No significant association was reported for miscarriage 
in women with IBD (OR 1.63 (0.49–5.43)) or psoriatic 
arthritis (OR 1.35 (0.79–2.32)) [34, 128, 131]. One of the 
studies reported composite outcome of abortion (sponta-
neous and therapeutic) in pregnant women with SLE (OR 
1.40 (1.20–1.60)) [110].



Page 6 of 19Singh et al. BMC Medicine           (2024) 22:94 

Fig. 1  Preferred reporting items for systematic review and meta-analysis (PRISMA) flow diagram
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Recurrent pregnancy loss
Women with coeliac disease had almost sixfold higher 
odds of recurrent pregnancy loss (OR 5.82 (2.3–14.74)). 
The risk was also reported as almost twofold higher in 
the presence of thyroid autoimmunity (all) (OR 1.94 
(1.43–2.86)) [113, 124].

Gestational hypertension
The odds of gestational hypertension in women with 
T1DM was more than twofold (OR 2.68 (1.85–3.89)) 
[129]. There were also almost 20–50% higher odds of ges-
tational hypertension in women with psoriatic diseases 
(psoriasis OR 1.29 (1.15–1.45), psoriatic arthritis OR 
1.49 (1.09–2.06), and presence of thyroid autoimmunity 
(TPO) OR 1.29 (1.00–1.45)) [128, 130].

Pre‑eclampsia
The odds of developing pre-eclampsia were more than 
four times greater in women with T1DM (OR 4.19 (3.08–
5.71)) [129]. High risk was also reported in women with 
SLE (OR 3.20 (2.54–4.20)) or systemic sclerosis (OR 2.20 
(2.21–4.53)) [29, 30]. Some association was observed in 
women with rheumatoid arthritis (OR 1.65 (1.53, 1.78)) 
or psoriatic diseases (psoriasis OR 1.25 (1.09–1.42), pso-
riatic arthritis OR 1.45 (1.13–1.85)) [31, 128, 131]. No 
significant association was noted in women with AxSpA 
(OR 1.74 (0.85–3.54)), coeliac disease (OR 1.04 (0.87–
1.21)), or IBD (OR 4.65 (0.76–28.35)) [34, 38, 109, 122]. 
Another review which collectively evaluated the outcome 
as the risk of eclampsia and pre-eclampsia reported an 
increased risk in women with psoriatic diseases (psoria-
sis OR 1.25 (1.09–1.42), psoriatic arthritis OR 1.45 (1.13–
1.85)) [128]. No association was seen between women 
with multiple sclerosis and occurrence of pre-eclampsia 
(OR 0.99 (0.89–1.09)) [121].

Gestational diabetes mellitus (GDM)
The risk of women developing GDM was almost three-
fold in women with IBD (OR 2.96 (1.47–5.98)) [34]. 
Some association was also reported in women with 
thyroid autoimmunity (all) (OR 1.49 (1.07–2.07)) or 
psoriasis (OR 1.19 (1.09–1.30)) [119, 128]. Lou et  al. 
reported similar risk of GDM in both women with only 
thyroglobulin antibodies (OR 1.88 (1.13–3.12)) and only 
thyroid peroxidase antibodies (OR 1.65 (1.13–2.40)). 
No significant association was reported for developing 

GDM in women with AxSpA (OR 0.88 (0.24–3.21)), 
psoriatic arthritis (OR 1.26 (0.90–1.77)), rheumatoid 
arthritis (OR 1.61 (1.25, 2.07)), and SLE (OR 0.97 (0.57–
1.60)) [31, 32, 38, 128, 131].

Placenta previa and placental abruption
No risk of placenta previa and placental abruption was 
reported in women with thyroid autoimmunity (OR 0.42 
(0.12–1.43)) [130].

Antepartum haemorrhage/postpartum haemorrhage (APH/
PPH)
No significant association was reported for APH/PPH 
in women with coeliac disease (OR 1.11 (0.96–1.28)) or 
psoriatic diseases (psoriasis OR 1.22 (0.74–01), psoriatic 
arthritis OR 0.82 (0.37–1.82) when compared to women 
without psoriatic diseases [109, 128].

Caesarean section (CS)
Risk of delivering via CS is almost twofold to threefold 
greater in the presence of T1DM (OR 3.97 (3.31–4.77)) 
and SLE (OR 2.11 (1.57–2.83)) [129]. Women with all 
other reported autoimmune conditions were reported to 
have increased chances of delivering via CS compared to 
women without the autoimmune conditions. The odds 
are as follows: AxSpA OR 1.85 (1.46–2.30), coeliac dis-
ease OR 1.10 (1.03–1.16), IBD OR 1.67 (1.15–2.41), pso-
riasis OR 1.26 (1.05–1.51), psoriatic arthritis OR 1.45 
(1.27–1.66), rheumatoid arthritis OR 1.62 (1.43, 1.84) [31, 
34, 38, 109, 110, 112, 128, 131]. It was further reported 
that there was a significant risk of women delivering 
through CS with Crohn’s disease (OR 1.65 (1.19–2.29)) 
but not as much with ulcerative colitis (OR 1.30 (0.86 to 
1.96)) [33, 34, 112]. One of the reviews conducted a nar-
rative analysis and reported women with myasthenia 
gravis are at increased risk of requiring assisted vaginal 
delivery or CS compared to women without the condi-
tion (population size = 854) [37].

Postpartum depression
Almost a twofold increased risk of developing postpar-
tum depression in the presence of thyroid autoimmunity 
(TPO) (OR 2.00 (1.62 to 2.66)) was reported [120].

Foetal/neonatal outcomes
It has been observed that there is a higher risk of IUGR, 
stillbirth, preterm birth, or low birth weight in women 
with SLE and women with T1DM associated with 32% 
lower odds of small for gestational age baby as shown in 
Fig. 3.

Table 2  Formula for corrected cover area

CCA​ corrected covered area, N number of included publications (sum of checked 
boxes), r number of rows (primary studies), c number of columns (number of 
systematic reviews)

CCA (%) = N − r/rc − r
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Table 3  Characteristics of the included systematic reviews reporting the association of autoimmune conditions and adverse 
pregnancy outcomes

Exposure Author and year Outcomes Number of 
included primary 
studies

Quality assessment
AMSTAR 2

Axial spondyloarthropathy Maguire 2020 Pre-eclampsia, gestational diabetes mel‑
litus, caesarean section, small for gesta‑
tional age, intrauterine growth restric‑
tion, preterm birth, low birth weight

18 Moderate

Coeliac disease Saccone 2016 Small for gestational age, low birth 
weight

10 Low

Tersigni 2014 Recurrent miscarriage, small for gesta‑
tional age

24 Low

Arvanitakis 2022 Miscarriage, pre-eclampsia caesarean 
section, postpartum haemorrhage, 
stillbirth, intrauterine growth restriction, 
preterm birth

18 Moderate

Inflammatory bowel disease Cornish 2007 Caesarean section, small for gestational 
age, stillbirth, preterm birth

13 Moderate

O’Toole 2015 Caesarean section, small for gestational 
age, preterm birth, low birth weight

23 Moderate

Leung 2021 Preterm birth, small for gestational age, 
low birth weight

72 Moderate

Talavera 2021 Ectopic pregnancy 5 Moderate

Tandon 2020 Ectopic pregnancy, miscarriage, caesar‑
ean section, gestational hypertension, 
pre-eclampsia, placenta previa, placental 
abruption, termination of pregnancy

53 Moderate

Rheumatoid arthritis Jiamin 2023 Miscarriage, pre-eclampsia, gestational 
diabetes mellitus, caesarean section, 
small for gestational age, intrauterine 
growth restriction, preterm birth, low 
birth weight, stillbirth

41 Moderate

Multiple sclerosis Arafa 2021 Pre-eclampsia 8 Moderate

*Modrego 2021 Preterm birth, low birth weight 17 Low

Myasthenia gravis *Banner 2021 Caesarean section, preterm birth 32 Low

Psoriasis and psoriatic arthritis Xie 2021 Psoriasis—pre-eclampsia or eclampsia, 
gestational hypertension, gestational 
diabetes mellitus, caesarean section, 
small for gestational age, intrauterine 
growth restriction, preterm birth, low 
birth weight antepartum and postpar‑
tum haemorrhage, neonatal mortality
Psoriatic arthritis—ectopic pregnancy, 
pre-eclampsia or eclampsia, gestational 
hypertension, gestational diabetes mel‑
litus, caesarean section, preterm birth

16 Moderate

Sjögren’s syndrome Upala 2015 Miscarriage, preterm birth, stillbirth, 
small for gestational age, intrauterine 
growth restriction, foetal loss

7 Moderate

Geng 2022 Miscarriage, preterm birth, low birth 
weight

9 Moderate
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Intrauterine growth restriction (IUGR)
The evidence is suggestive of almost twofold and three-
fold risk of IUGR in women with systemic sclerosis or 
coeliac disease (OR 3.20 (2.21–4.53) OR 1.71 (1.36–2.14) 
respectively) [29, 109, 122], whereas no significant asso-
ciation was observed in women with AxSpA (OR 1.05 
(0.24–4.49)), SLE (OR 7.67 (0.32–161.50)), thyroid auto-
immunity (TPO) (OR 1.61 (0.23–11.12)) [32, 38, 130]. 
Tong et al. reported composite outcome IUGR (including 
IUGR, foetal growth restriction, and low birth weight) in 
women with thyroid autoimmunity (TPO) which was 
reported as OR 1.57 (0.77–3.18) [126] when compared to 
women without thyroid autoimmunity [126].

Small for gestational age (SGA)
There is an increased risk of small for gestational age 
in women with SLE (OR 2.49 (1.88–3.31)) [32, 110]. 
A significant association is reported with rheuma-
toid arthritis (OR 1.48 (1.25, 1.75)) [131]. No signifi-
cant association was reported in women with AxSpA 
(OR 1.66 (0.93–2.25)), coeliac disease (OR 2.62 (0.47–
14.61)), IBD (OR 1.61 (0.93–2.79)), psoriatic diseases 
(psoriasis OR 1.01 (0.92–1.11), psoriatic arthritis OR 
0.99 (0.72–1.36)) [38, 122, 124, 128], whereas women 
with T1DM have a lower effect with OR 0.68 (0.56–
0.83) [129].

Table 3  (continued)

Exposure Author and year Outcomes Number of 
included primary 
studies

Quality assessment
AMSTAR 2

Systemic lupus erythematosus Bundhun 2017 Ectopic pregnancy, miscarriage, 
pre-eclampsia, caesarean section, low 
birth weight, small for gestational age, 
preterm birth

11 Low

Dong 2020 Pre-eclampsia 10 Moderate

He W 2020 Miscarriage, pre-eclampsia, gestational 
diabetes mellitus, caesarean section, 
small for gestational age, intrauterine 
growth restriction, stillbirth, preterm 
birth, low birth weight, foetal loss

6 Moderate

Wei 2017 Preterm birth 24 Moderate

Systemic sclerosis Blagojevic 2020 Miscarriage, pre-eclampsia, intrauterine 
growth restriction, preterm birth, low 
birth weight

16 Low

Thyroid autoimmunity (both thyroid 
peroxidase antibody, and thyroglobulin 
antibody)

Chen 2011 Miscarriage 22 Low

HeX 2012 Preterm birth 11 Moderate

Li M 2016 Preterm birth 18 Low

Lou 2020 Gestational diabetes mellitus 44 Low

Dong 2020 Recurrent miscarriage, miscarriage 17 Low

Thyroid peroxidase antibody Korevaar 2020 Preterm birth 19 Moderate

Milandi 2020 Postpartum depression 5 Low

Thangaratinam 2011 Miscarriage, preterm birth 36 Moderate

Tong 2016 Intrauterine growth restriction, small 
for gestational age, low birth weight

7 Moderate

Zhang, 2016 Adverse obstetric outcomes, miscar‑
riage, preterm birth, gestational hyper‑
tension, placental abruption, intrauter‑
ine growth restriction

7 Low

Type 1 diabetes mellitus Yu 2017 Pre-eclampsia or eclampsia, gestational 
hypertension, caesarean section, small 
for gestational age, intrauterine growth 
restriction, preterm birth, low birth 
weight

100 Low

All the studies conducted a meta-analysis except the studies marked (*) are narrative analysis
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Fig. 2  Forest plot for association of pregnancy complications and maternal outcomes
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Fig. 3  Forest plot for association of pregnancy complications and foetal/neonatal outcomes
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Stillbirth
There was a very high risk of stillbirth in women with 
SLE, although with wide confidence intervals (OR 16.90 
(3.02–94.40)) [32] and almost a fourfold higher risk of 
stillbirth for women with T1DM (OR 3.97 (3.44–4.58)) 
[129]. There was a significantly higher odds for women 
with rheumatoid arthritis (OR 1.99 1.55 (1.17, 2.06)), 
coeliac disease (OR 1.57 (1.17–2.10)), and IBD (OR 1.57 
(1.03–2.38)) [33, 97, 109, 131]. There was no significant 
association with stillbirth in women with and AxSpA (OR 
0.70 (0.26–1.85)), psoriatic diseases (psoriasis OR 1.17 
(0.84–1.63), psoriatic arthritis OR 1.06 (0.46–2.46)), or 
Sjögren’s syndrome (OR 1.05 (0.37–2.97)) [38, 127, 128]. 
Two separate reviews reported significantly higher odds 
of stillborn/neonatal/perinatal death as a composite out-
come in women with SLE (OR 1.75 (1.47–2.37)) and in 
women with rheumatoid arthritis (OR 1.38 (1.09–1.74)) 
[31, 110].

Preterm birth
There were more than fourfold higher odds of preterm 
birth for women with T1DM (OR 4.36 (3.72–5.12)). The 
odds of preterm birth were also higher in women with 
SLE (OR 2.79 (2.07–3.77)) and in women with Sjögren’s 
syndrome (RR 2.27 (1.46–3.52)) [32, 110, 114, 129]. There 
was a significant association for preterm birth in women 
with coeliac disease (OR 1.30 (1.13–1.50)), IBD (OR 1.81 
(1.37–2.38)), psoriatic diseases (psoriasis OR 1.22 (1.04–
1.42), psoriatic arthritis OR 1.48 (1.24–1.78)), rheuma-
toid arthritis (OR 1.57 (1.00, 2.48)), and systemic sclerosis 
(OR 2.40 (1.14–4.86)) and for thyroid autoimmunity (all) 
(OR 1.88 (1.32–2.67) and thyroid autoimmunity (TPO) 
(OR 1.33 (1.15–1.56)) when compared to women with-
out these conditions [29, 31, 32, 35, 97, 109, 110, 117, 
128, 131]. Korevar et al. further reported higher odds of 
preterm birth for thyroid autoimmunity (TPO) positive 
women (OR 1.33 (1.15–1.56)) and no significant associa-
tion with thyroid autoimmunity (TgAb) positive women 
(OR 0.88 (0.64 to 1.20)) when studied separately [116]. 
Two separate reviews analysed the odds of preterm birth 
with multiple sclerosis (sample size n = 6230) and myas-
thenia gravis (n = 854) in a narrative analysis and did not 
find any significant association [37, 121].

Low birth weight
The odds of giving birth to a baby with a low birth weight 
(< 2500  g) was 4–6 times higher in women with SLE or 
systemic sclerosis (OR 5.95 (4.54–7.80) and OR 3.80 
(2.16–6.56), respectively) [29, 32]. There was a significant 
association for women with IBD (OR 2.25 (1.37–3.69)), 
coeliac disease (OR 1.63 (1.06–2.51)), rheumatoid arthri-
tis (OR 1.73 (1.46, 2.06)), or Sjögren’s syndrome (RR 1.99 

(1.34–2.97)) [31, 114, 117, 122, 131]. There were higher 
odds of having a low-birth-weight infant for women with 
Crohn’s disease (OR 2.82 (1.42–5.60)), but the associa-
tion was not significant for women with ulcerative colitis 
(OR 1.66 (0.48–5.66)) [33, 34, 112]. The association for 
women with AxSpA (OR 1.47 (0.98–2.21)) or psoriatic 
diseases (psoriasis OR 1.14 (0.87–1.49), psoriatic arthritis 
OR 1.15 (0.84–1.58)) [38, 128] and low birth weight was 
not significant. Another review reported the odds of low 
birth weight with multiple sclerosis in a narrative analy-
sis (n = 635), and only one study reported a higher risk of 
low birth weight in women with multiple sclerosis [121].

Neonatal mortality
SLE was associated with a much greater odds of neonatal 
mortality (OR 8.32 (5.23–13.22)). There was also a signifi-
cantly higher odds of neonatal mortality for women with 
T1DM OR 2.26 (1.74–2.95) or Sjögren’s syndrome OR 1.77 
(1.28–2.46). Psoriasis was not significantly related to neo-
natal mortality (OR 1.13 (0.90–1.43)) (Table 4) [5, 42, 43].

Discussion
Main findings
Results from this umbrella review agree with the previ-
ous literature and showed that women with SLE, T1DM, 
and systemic sclerosis have a higher risk for a number of 
adverse pregnancy outcomes and also that women with 
T1DM were less likely to have a baby that was small for 
gestational age. Women with SLE had a greater risk of 
miscarriage, pre-eclampsia, small for gestational age, 
preterm birth, stillbirth, and low birth weight. Women 
with T1DM were more likely to develop pre-eclampsia, 
caesarean section, preterm birth, and still birth, and 
women with systemic sclerosis had a higher risk of pre-
eclampsia, IUGR, low birth weight, and preterm birth. 
There was also a greater risk of miscarriage for women 
with thyroid autoimmunity and for women with Sjögren’s 
syndrome. Women with IBD had a higher risk of GDM 
and low birth weight babies. The associations of AxSpA, 
coeliac disease, psoriatic diseases, multiple sclerosis, and 
myasthenia gravis with certain adverse pregnancy out-
comes were not clearly evident. There was no evidence 
of significant association of multiple sclerosis with risk 
of pre-eclampsia and low birth weight, for SLE with risk 
of GDM, and for AxSpA with preterm birth, stillbirth, or 
GDM. There are various knowledge gaps identified. No 
systematic reviews identified for few autoimmune con-
ditions (Grave’s disease, Hashimoto’s thyroiditis, vitiligo, 
Addison’s disease, alopecia areata). Further few adverse 
pregnancy outcomes like ectopic pregnancy, obstetric 
haemorrhage, perineal tears, postpartum depression, or 
psychosis are not widely studied.
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Strengths and limitations
The main strength of this umbrella review is the compre-
hensive search strategy with no language or time restric-
tions and searches that were repeated periodically to 
include newly published systematic reviews. Secondly, 
we included a wide range of autoimmune conditions and 
adverse pregnancy outcomes which were identified by 
scoping searches of the literature and after consultation 
with subject experts, making this review more relevant 
and useful. Definitions of the outcomes for inclusion 
were predefined so that these were uniform across the 
systematic reviews [43]. The summary estimates have 
been converted to odds ratios where possible to facilitate 
the interpretation of the results.

The main limitation of this umbrella review was that we 
were not able to include certain autoimmune conditions 
and their effects on pregnancy outcomes if there were 
no systematic reviews. For example, there were primary 
studies reporting the association of vitiligo with adverse 
pregnancy outcome, but no systematic review has been 
conducted on this topic [143]. None of the included 
reviews were rated high quality following the AMSTAR2 
checklist and were all either moderate or low qual-
ity, which affected the overall certainty of the evidence 
in this umbrella review. There was high heterogeneity 
between the reviews. Most of the included reviews had 
multiple outcomes, and in many instances, the sample 
size of the primary studies used for measuring the out-
come in the systematic review was small, thus providing 

large variation in the effect size. Some reviews restricted 
the search strategy (e.g. time period or type of study), 
and the number of studies included in the meta-analy-
sis was small meaning there could be some publication 
bias. Even though we attempted to include the major-
ity of common autoimmune conditions, not all of them 
could be included (i.e. antiphospholipid syndrome and 
dermatomyositis) [144, 145]. Another limitation is that 
this review cannot address the effects of co-morbidities 
on outcomes, for example, increased risk of antiphospho-
lipid syndrome (APS) in SLE which might be the cause 
of the outcomes rather than SLE directly [146]. For the 
outcome caesarean delivery, the reviews did not specify 
or analysed the indications, and therefore, it remains 
unclear if the increased risk was caused by the disease 
activity, medications, or other factors including patient 
or physician preference. This umbrella review provides 
comprehensive evidence on the adverse pregnancy out-
comes in women with autoimmune conditions. No sys-
tematic reviews identified for thyroid diseases Grave’s 
disease or Hashimoto’s thyroiditis; however, there was an 
extensive research for thyroid autoimmunity and effects 
on pregnancy outcome. Hence, this review has incorpo-
rated thyroid autoimmunity as a whole and consolidate 
the findings in this area. Other diseases not included are 
vitiligo, Addison’s disease, or alopecia areata for which 
there are no prior systematic reviews. Two of the retro-
spective cohort studies identified exploring the associa-
tion of vitiligo with spontaneous miscarriage reported 

Table 4   Heat map of the association of autoimmune conditions and adverse pregnancy outcomes

GHT gestational hypertension, GDM gestational diabetes mellitus, CS caesarean section, IUGR​ intrauterine growth restriction, SGA small for gestational age, 
PTB preterm birth, LBW low birth weight, AxSpA axial spondyloarthropathy, IBD inflammatory bowel disease, SLE systemic lupus erythematosus, T1DM type 1diabetes 
mellitus
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significant association with OR 1.25 (1.14–1.36) and aHR 
1.16 (1.09–1.25) when compared with women without 
vitiligo [147, 148]. Other studies showed no significant 
association of vitiligo with risk of preterm birth, GDM, or 
stillbirth [143, 147, 148]. Two different studies reported 
Addison’s disease was associated with almost twofold 
increase in the risk of preterm birth and caesarean sec-
tion compared to women without the condition [149, 
150]. One of the cohort studies showed that women with 
alopecia areata had a greater risk of adverse pregnancy 
outcomes including spontaneous miscarriage or ectopic 
pregnancy with OR 1.09 (1.00–1.18) and OR 1.28 (1.13–
1.46) respectively [151]. There are also other rare auto-
immune conditions that were beyond the scope of this 
review (e.g. myositis, vasculitis) which may be associated 
with increased risk of adverse pregnancy outcomes [152]. 
Small for gestational age, pregnancy loss, IUGR, preec-
lampsia, and preterm birth and miscarriage has been 
associated with the connective tissue diseases [153–155]. 
The drugs used for the treatment of these autoimmune 
conditions such as biological and conventional synthetic 
disease-modifying antirheumatic drugs (DMARDs), oral 
glucocorticoids, and non-steroidal anti-inflammatory 
drugs can also affect the pregnancy outcomes, and vari-
ous studies have been conducted to estimate which med-
ication pose higher risk than others [156–158]. However, 
active inflammatory disease has been shown to increase 
the risk of miscarriage, preterm delivery, small for ges-
tational age babies, and preterm delivery [159]. Under-
standing the contribution of disease activity and the 
effect of pregnancy on the disease and vice versa has not 
been addressed in this review and will require further 
research [160]. Similarly, understanding the risk of these 
medications and how they contribute towards adverse 
pregnancy outcomes need to be researched and guide-
lines need to be formulated [161]. Furthermore, the effect 
of the autoimmunity in women during pregnancy also 
might affect the offspring, and they have been linked with 
learning disabilities, dyslexia, and autism [162–164]. Fur-
ther research of the associations of these conditions with 
pregnancy outcomes is therefore warranted.

Clinical and research implications
The primary objective of this review is to consolidate the 
findings from the systematic reviews, present what is 
known and to identify gaps in the research. This review is 
aimed primarily at a range of health professionals who are 
directly involved with managing women with these auto-
immune conditions who are planning a pregnancy or are 
pregnant. This includes specialists like rheumatologists, 
endocrinologists, gynaecologists, obstetricians, rheuma-
tology nurses/allied health professionals, and general prac-
titioners as well as the patients themselves. This document 

may also be a useful resource for policymakers to evaluate 
the present guidelines and propose further recommenda-
tions and help to service provider to risk stratify women 
and decide on the referral threshold or best care pathway. 
Since many adverse pregnancy outcomes are shared across 
conditions, then this provides argument for (i) research to 
identify if there is a common mechanism which could lead 
to newer treatments and (ii) guidelines which are relevant 
across different conditions. This review not only identify 
gaps in the research but also is especially of value to non-
specialist obstetricians who might see a number of differ-
ent autoimmune diseases within the same clinic.

There are currently limited guidelines for precon-
ception and pregnancy care for a limited number of 
autoimmune conditions. For example, there is a best 
practice guideline from a UK multispecialty work-
ing group for myasthenia in pregnancy [165] and the 
National Institute for Health and Care Excellence 
(NICE) guidelines for T1DM in pregnancy, UK consen-
sus on pregnancy in multiple sclerosis: ‘Association of 
British Neurologists’ guidelines [166, 167]. There are 
few guidelines on prescribing medication in pregnancy 
for women with rheumatic diseases and other musculo-
skeletal diseases like SLE or antiphospholipid syndrome 
[168–170]. There are guidelines around prescribing in 
pregnancy but less so around other aspects of auto-
immune disease. Most guidelines focus on safety of 
medication (which is applicable to all diseases), but the 
unmet need is in management of these patients in gen-
eral. But there is a need for the development of more 
evidence-based standardised guidelines for a wider 
range of autoimmune conditions since they have shared 
outcomes to help clinicians and women with decision 
making for managing these conditions before planning 
a pregnancy and while pregnant [12, 25, 28, 171–173]. 
It has been established that preconception care for 
chronic disease can help improve pregnancy outcome 
such as miscarriages in women with autoimmune rheu-
matic conditions and low birth weight in women with 
IBD [174]. Preconception counselling and risk stratifi-
cation are possible tools that may help reduce the risk 
of complications during pregnancy by ensuring disease 
stability/control prior to conception. Antenatal care, for 
example, use of low dose aspirin to prevent and predic-
tive/diagnostic biomarkers for pre-eclampsia in women 
with SLE or T1DM, for example, predictive biomark-
ers for pre-eclampsia in women with SLE or T1DM, 
and identification of placental insufficiency with foetal 
growth restriction in order to decide the best timing 
for delivery may also lead to improved outcomes [171, 
175–177]. Many autoimmune conditions like Addi-
son’s disease, alopecia areata, and vitiligo could not be 
reported due to no systematic reviews conducted is 
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reported as a gap in research. Future research should 
address the evidence gaps identified in this umbrella 
review, for example, for women with multiple sclerosis 
and Sjogren’s syndrome.

Conclusions
This review has provided comprehensive summary of the 
current evidence of the association of pregnancy out-
comes in women with autoimmune conditions and iden-
tified gaps that need further research. Given the potential 
adverse outcomes, more clinical guidelines need to be 
developed to guide the preconception and maternity care 
for pregnant women with autoimmune conditions.
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