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Abstract

Background

Evidence suggests common pathways between pregnancy losses and subsequent long-
term maternal morbidity, rendering pregnancy complications an early chronic disease
marker. There is a plethora of studies exploring associations between miscarriage and still-
birth with long-term adverse maternal health; however, these data are inconclusive.

Methods and findings

We systematically searched MEDLINE, EMBASE, AMED, BNI, CINAHL, and the Cochrane
Library with relevant keywords and MeSH terms from inception to June 2023 (no language
restrictions). We included studies exploring associations between stillbirth or miscarriage
and incidence of cardiovascular, malignancy, mental health, other morbidities, and all-
cause mortality in women without previous pregnancy loss. Studies reporting short-term
morbidity (within a year of loss), case reports, letters, and animal studies were excluded.
Study selection and data extraction were performed by 2 independent reviewers. Risk of
bias was assessed using the Newcastle Ottawa Scale (NOS) and publication bias with fun-
nel plots. Subgroup analysis explored the effect of recurrent losses on adverse outcomes.
Statistical analysis was performed using an inverse variance random effects model and
results are reported as risk ratios (RRs) with 95% confidence intervals (Cls) and prediction
intervals (Pls) by combining the most adjusted RR, odds ratios (ORs) and hazard ratios
(HRs) under the rare outcome assumption. We included 56 observational studies, including
45 in meta-analysis. There were 1,119,815 women who experienced pregnancy loss of
whom 951,258 had a miscarriage and 168,557 stillbirth, compared with 11,965,574 women
without previous loss. Women with a history of stillbirth had a greater risk of ischaemic heart
disease (IHD) RR 1.56, 95% CI [1.30, 1.88]; p <0.001, 95% P1[0.49 to 5.15]),
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cerebrovascular (RR 1.71, 95% CI [1.44, 2.03], p< 0.001, 95% P1[1.92, 2.42]), and any cir-
culatory/cardiovascular disease (RR 1.86, 95% CI[1.01, 3.45], p=0.05, 95% PI[0.74,
4.10]) compared with women without pregnancy loss. There was no evidence of increased
risk of cardiovascular disease (IHD: RR 1.11, 95% CI1[0.98, 1.27], 95% PI[0.46, 2.76] or
cerebrovascular: RR 1.01, 95% CI [0.85, 1.21]) in women experiencing a miscarriage. Only
women with a previous stillbirth were more likely to develop type 2 diabetes mellitus (T2DM)
(RR:1.16, 95% CI [1.07 to 2.26]; p < 0.001, 95% PI [1.05, 1.35]). Women with a stillbirth his-
tory had an increased risk of developing renal morbidities (RR 1.97, 95% CI [1.51, 2.57], p<
0.001, 95% [1.06, 4.72]) compared with controls. Women with a history of stillbirth had lower
risk of breast cancer (RR: 0.80, 95% CI [0.67, 0.96], p-0.02, 95% P1[0.72, 0.93]). There was
no evidence of altered risk of other malignancies in women experiencing pregnancy loss
compared to controls. There was no evidence of long-term mental iliness risk in women with
previous pregnancy losses (stillbirth: RR 1.90, 95% CI[0.93, 3.88], 95% P1[0.34, 9.51], mis-
carriage: RR 1.78, 95% CI [0.88, 3.63], 95% P1[1.13, 4.16]). The main limitations include
the potential for confounding due to use of aggregated data with variable degrees of
adjustment.

Conclusions

Our results suggest that women with a history of stillbirth have a greater risk of future cardio-
vascular disease, T2DM, and renal morbidities. Women experiencing miscarriages, single
or multiple, do not seem to have an altered risk.

Author summary

Why was this study done?

« Fetal loss is one of the most serious complications of pregnancy, with approximately
23,000,000 miscarriages and 2,000,000 stillbirths reported globally per annum.

» Emerging data suggest a relationship between pregnancy loss and subsequent develop-
ment of maternal long-term illness.

o We conducted a systematic review and meta-analysis on the clinical evidence available
to better understand the effect of pregnancy loss on the long-term maternal morbidity
and mortality.

What did the researchers do and find?

o Our systematic review included a total of 56 observational studies, with a total of
1,119,815 women who experienced pregnancy loss (those experiencing a miscarriage:
951,258; those experiencing a stillbirth: 168,557) and 11,965,574 controls.

« Women with a history of stillbirth were found to have an increased risk of developing
ischaemic heart, cerebrovascular, circulatory, and renal disease, and type 2 diabetes mel-
litus (T2DM) as well as a slight decrease in the risk of breast cancer.
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o There was no evidence of increased risk of developing these conditions in women with a
history of miscarriage.

What do these findings mean?

o Our results show a possible association of stillbirth with future cardiovascular disease,
T2DM, and renal disease, suggesting that pregnancy loss could be an indicator for
future risk.

o Our work suggests future research focussing on long-term maternal health outcomes
related to pregnancy loss is necessary.

o Our work uses aggregated data with variable degrees of adjustment. As a consequence,
the potential for confounding variables with well-known risk factors for metabolic dis-
eases such as gestational diabetes affecting the results is considerable.

Introduction

Fetal loss is considered one of the most devastating adverse events in pregnancy and it is classi-
fied as either miscarriage or stillbirth. There is a variation in the definitions used for pregnancy
loss globally. WHO define a loss occurring before 28 weeks of gestation as a miscarriage, while
a stillbirth is a loss after 28 weeks in accordance with the ICD-10 (International Classification
of Diseases) criteria (ICD-10) [1]. These definitions are not used universally, and are a reflec-
tion of many factors, including advances in neonatal and complex pregnancy care in addition
to health system variation. For example, in the United States of America and Canada, miscar-
riage is defined as a pregnancy loss before 20 weeks gestation [2,3], while the United Kingdom
(UK) a gestational age of 24 weeks is usually used; however, this may change in line with the
recent British Association of Perinatal Medicine (BAPM) recommendations that “resuscitation
can be considered between 22 to 24 weeks exceptions [4,5].” The global incidence of miscar-
riage is approximately 23,000,000 cases per annum, with 1 in 10 women estimated to experi-
ence fetal loss at least once in their lifetime. The risk of miscarriage per pregnancy can be as
high as 15.3% [5]. Stillbirth is reported in approximately 2,000,000 women annually [1].

A large body of evidence suggests that women with a history of pregnancy losses are at risk
of developing future cardiovascular, metabolic, malignant, and mental health morbidities,
with an overall increase in the likelihood of mortality in the long-term [6-10]. Published
reviews show that miscarriage (single or recurrent) can increase the likelihood of cardiovascu-
lar disease in the longer term [11,12].

Whether pregnancy is a “stress test” for long-term disease or common biological pathways
related to circulation or inflammation underlie pregnancy losses and subsequent long-term
disease is unclear. While existing data suggest an association between fetal loss and future sub-
sequent morbidity or mortality, the literature is limited by small sample sizes and variation in
study follow-up. To address this need, we conducted a systematic review and meta-analysis to
investigate the risk of long-term morbidity and mortality in mothers who experienced fetal
loss of any type, including recurrent losses.

Methods

We conducted a systematic review and meta-analysis of existing literature in accordance with
the recommended methods described by Cochrane and reported using the Preferred
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Reporting Items for Systematic reviews and Meta-analysis (PRISMA) guidelines (see S1
PRISMA Checklist) [13]. The protocol for this review was registered prospectively (PROS-
PERO ID: CRD42021225370).

Search strategy

Electronic databases including MEDLINE, EMBASE, AMED, BNI, CINAHL, and the
Cochrane Library were searched from inception to June 2023 to identify studies exploring the
association of fetal loss with subsequent maternal morbidity and mortality. We used the terms
“fetal loss,” “miscarriage,” “fetal death,” “stillbirth,” and “spontaneous abortion” including
alternative spellings for exposure. Our outcome keyworks included “cardiovascular disease,”
“myocardial infarction,” “hypertension,” “cerebrovascular disease,” “stroke,” “type 2 diabetes,”
“cancer,” “malignancy,” “anxiety,” “depression,” “mortality,” and “morbidity” with relevant
synonyms, alternative spellings, and MESH terms. There were no language or date restrictions
applied to the searches and we only included human studies. (See Fig A in S1 Appendix for
detailed strategy.) A search of the grey literature was performed by manually screening the ref-
erence list of papers included in the review and reviewing the reference list of related published
systematic reviews. Additionally, we searched the System for Information on Grey Literature
(OpenSIGLE), Healthcare Management Information Consortium (HMIC) database, National
Technical Information Service (NTIS), and PsychEXTRA for relevant citations.

» «

Study selection and data extraction

Study selection by title and abstract screening was performed by 2 reviewers (FV and DI) inde-
pendently, any disagreements or discrepancies in any part of the process were resolved
through discussion with a third reviewer (SI or JD). Relevant citations were then selected for
full-text assessment. Studies were included if they examined long-term incidence of cardiovas-
cular, metabolic, malignant, mental health, or any other morbidity in a population of women
who had experienced fetal loss. Long-term was defined as disease developing at least a year
after pregnancy loss. Additionally, we included studies investigating long-term all-cause mor-
tality after pregnancy loss. Studies were excluded if patients had a history of previous diagnosis
of disease outcomes described before experiencing pregnancy loss. Studies reporting maternal
morbidity following a pregnancy termination were excluded from our review. Case reports,
letters, in vitro, and animal studies were also excluded, while we included cohort, case-control
and cross-sectional studies were included.

Data were extracted in parallel by 2 independent reviewers (FV and DI) on study design,
participant demographic characteristics, type of fetal loss (miscarriage, recurrent miscarriage,
or stillbirth), the comparator population, number of women developing the disease outcomes
in both the exposed and controls, association measure with point estimates and 95% confi-
dence interval (CI) and any adjustment variables used in analysis.

Risk of bias assessment

The Newcastle Ottawa Scale (NOS) was used to examine the methodological quality of studies
included in this review in duplicate by 2 reviewers independently (FV and DI) [14]. Studies
were evaluated against the NOS predefined criteria and stars were assigned for each domain.
Papers with a total score of 7 to 9 were considered of good methodological quality (low risk of
bias), while a total score of 4 to 6 and 0 to 3 were deemed to have a high and very high risk of
bias, respectively. Publication bias was assessed using funnel plots with axis of standard error
against risk ratio (RR) in outcomes with more than 10 studies.
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Statistical analysis

The exposure of interest was either miscarriage or stillbirth. Given the variability in gestational
age definitions for pregnancy loss across different studies, we used the definition provided in
each study by the authors. Subgroup analysis was performed for women experiencing recur-
rent pregnancy loss. Meta-analysis was conducted where at least 3 studies reported the same
exposure-outcome combination. Data synthesis and analysis were performed using inverse
variance weighted random-effects meta-analysis to combine the most adjusted reported odds
ratios (ORs), RRs, and hazard ratios (HRs) to produce pooled RRs and 95% Cls under the rare
outcome assumption. Additionally, we repeated the analysis using the unadjusted raw data
from each study as dichotomous outcomes with Mantel-Haenszel statistical method using a
random effect model.

The outcomes included ischaemic heart disease (IHD), cerebrovascular disease, overall cir-
culatory/cardiovascular disease, type 2 diabetes mellitus (T2DM), renal disease, breast cancer,
uterine cancer (endometrial and cervical), ovarian cancer, malignancy, and mental health dis-
ease. IHD included morbidity or mortality from myocardial infarction, and coronary heart
disease. Cerebrovascular disease included morbidity or mortality secondary to either ischae-
mic or haemorrhagic stroke. Renal disease involved the diagnosis or mortality from chronic
kidney disease (CKD) and end-stage renal failure (ESRF). Malignancy outcomes included
diagnosis or mortality of any type of cancer. Mental illness included the diagnosis of any type
of depression, anxiety, or history of substance abuse.

The pooled results were presented as RR with 95% CIs and 95% prediction intervals (PIs).
Heterogeneity was assessed using I, Tau®, and Chi” statistics. Analysis was performed using
the Review Manager 5.4 and Python version 3.10 and the Python libraries numpy 1.23.5, stats-
model 0.14, and scipy 1.11.3.

Results

Our search yielded a total of 11,959 citations. Following screening, 145 articles were identified
for full-text assessment, after which 59 studies were included (Fig 1).

Study characteristics

There were 59 studies included in the review, 32 of these were cohort studies of which 16 were
retrospective cohorts [10,15-29] and 16 prospective cohorts [9,12,30-43]. There were 25 case-
control studies [8,44-67] and 2 retrospective cross-sectional studies [68,69].

A total of 1,112,250 women had experienced at least 1 miscarriage and were compared to
6,719,014 controls. A total of 171,332 women had at least 1 stillbirth and were compared to
8,547,276 controls. Most studies were conducted in high-income regions/countries including
North America (n = 12), Europe (n = 35), Australia (n = 2), and Israel (n = 6). The remaining 4
studies were conducted in Asia (Japan: n = 1, China: n = 1, India: #n = 1, Iran: n = 1). The mean
follow-up period for outcome assessment from index pregnancy for the miscarriage cohort
was 19 while for stillbirth this was 17 years. Most of the studies did not provide a gestation cut
off for the definition of stillbirth or miscarriage (37 out of 59). The remaining studies provided
definitions varying between 20- and 28-weeks gestational age as the cut off in distinguishing
between stillbirth and miscarriage, with only 3 specifically reporting first trimester losses.
Study characteristics are presented in Table 1 for studies included in the analyses of miscar-
riage and Table 2 for stillbirth.
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Fig 1. PRISMA Flowchart of study inclusion and exclusion. AMED; Allied and Complementary Medicine, BNI;
British Nursing Index, CINAHL; Cumulative Index to Nursing and Allied Health Literature.

https://doi.org/10.1371/journal.pmed.1004342.9001

Risk of bias assessment

In the studies of women experiencing a miscarriage (n = 49), the overall risk of bias was low.
Specifically, among the domains of selection, comparability, and outcome/exposure, most
studies received 7 out of 9 or above with more than half being awarded a score of 9. Only 1
study was identified as being at high risk of bias [37].

There were 29 studies looking at women experiencing a stillbirth with most being at low
risk of bias, with only 1 study identified as being at high risk of bias [15] (Figs B-D in S1
Appendix).

Publication bias was assessed in 2 outcomes: IHD and breast cancer in the miscarriage arm.
Both funnel plots appear symmetrical denoting low risk of publication bias (Fig E in S1
Appendix).

Outcomes

Ischaemic heart disease (IHD). A total of 14 studies
[8,12,17,18,24,26,28,41,42,44,48,54,55,63] looked at risk of IHD in women experiencing mis-
carriage (n = 297,221) compared with those with no previous history of miscarriage
(n=1,537,851), and 3,288 (1.12%) women with miscarriage and 18,760 (1.22%) of controls
developed IHD, with a pooled RR of 1.11 (95% CI [0.98, 1.27]; p = 0.10, I? = 89%, 95% PI
[0.46, 2.76]) (Fig 2a). Subgroup analysis was performed to compare women who experienced
recurrent miscarriage (1 = 54,489) to those with no previous history of miscarriage
(n =1,152,826) and to those with a history of a single loss (n = 200,000). IHD was observed in
352 (0.65%), 1,081 (0.54%), and 5,222 (0.45%) women with recurrent, single, and no loss.
When comparing the risk of IHD in women with recurrent losses as opposed to those without
a history of fetal loss, the pooled RR was 1.21 (95% CI [0.81, 1.80]; p = 0.35, 2 = 92%, 95% PI
[0.14, 16.33]) (Fig L in S1 Appendix). Similarly, recurrent loss compared with a single loss
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resulted in a pooled estimate of 1.13 (95% CI [0.89, 1.44]; p = 0.32, I? = 71%, 95% PI [0.26,
7.72]) (Fig K in S1 Appendix).

Nine studies looked at history of stillbirth and future maternal IHD [8,18,28,31,40-
42,44,55]. Our analysis included 36,213 women with a history of stillbirth and 1,442,348 with-
out a history, of which 1,507 (4.16%) of the former and 19,492 (1.35%) of the latter developed
IHD. Our pooled RR demonstrated a greater risk of developing IHD after stillbirth (RR 1.56,
95% CI [1.30, 1.88]; p < 0.001, I* = 75%, 95% PI [0.49, 5.15]) (Fig 2b).

Cerebrovascular disease. There were 8 studies which examined the likelihood of develop-
ing long-term cerebrovascular disease including haemorrhagic and ischaemic stroke after mis-
carriage [8,12,17,18,25,28,41,42]. Our meta-analysis included data from 7 studies involving
282,975 women with a history of miscarriage compared with 1,411,788 controls without a his-
tory. Of these 3,916 (1.38%) with a history of miscarriage and 24,147 (1.71%) without a history
of miscarriage developed cerebrovascular disease. Our analysis yielded a pooled RR of 1.01
(95% CI [0.85, 1.21]; p = 0.89, I = 94%, 95% PI [0.74, 1.32]) (Fig 2c). The study by Pell and col-
leagues (2004) (miscarriage: 10,850; controls: 108,818) was excluded from our analysis as the
data were unavailable. Subgroup analysis showed that women with a history of recurrent
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Fig 2. Forest plot with pooled RR and 95% ClIs for cardiovascular morbidity outcomes in women with and
without history of miscarriage or stillbirth. (a) IHD in women with miscarriage vs. no miscarriage, (b) IHD in
women with stillbirth vs. no history of stillbirth, (c) cerebrovascular disease in women with miscarriage vs. no
miscarriage, (d) cerebrovascular in women with stillbirths vs. no stillbirth, (e) overall circulatory disease in women
with stillbirth vs. no stillbirth. CI, confidence interval; IHD, ischaemic heart disease; RR, risk ratio.
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miscarriage did not have a higher risk of stroke, when compared to either women without a
loss or women with a single loss (Figs N(b) and M(b) in S1 Appendix).

There were 6 studies assessing the risk of stillbirth with long-term cerebrovascular maternal
morbidity, with the majority using ischaemic stroke as an outcome of interest
[8,18,28,31,41,42]. These studies included a total of 35,539 women with a previous history of
stillbirth and 1,418,143 controls, of which 2,143 (6.03%) and 25,618 (1.81%) had a stroke,
respectively. The pooled RR was estimated at 1.71 (95% CI [1.44, 2.03]; p < 0.001, I = 73%,
95% PI [1.19, 2.42]) (Fig 2d).

Circulatory/cardiovascular disease. In the studies assessing overall cardiovascular risk,
there were several studies which combined ischaemic stroke, haemorrhagic stroke, and IHD as
a single outcome, defined as circulatory disease. There were 3 studies in women experiencing
miscarriage [12,17,18] and 3 in women experiencing stillbirth [18,32,40]. There were 59,872
women with a history of miscarriage, compared to 342,095 controls without a history of mis-
carriage, and 26,075 women with a history of stillbirth compared to 1,126,946 controls without
a history. Of these 6,573 (10.98%) women and 47,978 (14.02%) controls in the miscarriage arm
and 3,524 (13.51%) women and 41,263 (3.66%) controls in the stillbirth arm developed circula-
tory disease. Meta-analysis was not conducted for the studies including women with miscar-
riage as they were considerably different and could not be grouped together.

The pooled RR for circulatory/cardiovascular disease was 1.86 (95% CI [1.01, 3.45];

p =0.05, 1> = 90%, 95% PI [0.74, 4.10]) (Fig 2¢) in women experiencing stillbirth.

T2DM. The association of miscarriage with the incidence of future T2DM was examined
in 5 studies [10,21,30,34,60], and data were extracted from 3 studies [10,21,60], which included
154,435 women (events: 5,702 [3.69%]) with a history of miscarriage and 593,750 controls
(events: 22,188 [3.74%]) without a history with a pooled RR of 0.82 (95% CI [0.43, 1.59];

p =0.57,12 = 100%, 95% PI [0.54, 1.51]) (Fig 3a).

Three studies [10,30,34] assessed the relationship of stillbirth and long-term T2DM, with
18,310 women experiencing stillbirth compared to 313,737 controls, of which 628 (3.43%) and
10,135 (3.23%) women developed T2DM respectively with a pooled RR of 1.16 (95% CI [1.07,
1.26]; p < 0.001, I* = 0%, 95% PI [1.05, 1.35]) (Fig 3b).

Renal disease. There was only 1 study [28] investigating the risk of renal disease following
miscarriage; therefore, meta-analysis was not possible. There were 5 studies investigating the
risk of renal disease following stillbirth which included women experiencing renal cancer or
other renal-associated mortality [9,16,28,32,59]. We pooled data only from studies where end-
stage renal disease was defined as the outcome [9,16,28]. This included 3 studies with a total of
23,102 (events: 265 [1.15%]) exposed women and 2,868,042 (events: 20,408 [0.71%]) controls,
resulting in a pooled RR of 1.97 (95% CI [1.51, 2.57]; p < 0.001, 1% = 39%, 95% PI [1.06, 4.72])
(Fig 3¢).

Malignant disease. There were 15 studies assessed the association between miscarriage
and future breast cancer diagnosis or mortality [19,33,46,47,49,50,52,53,59,61,62,64-67]. Data
were extracted from all studies but the study by Goldacre and colleagues provided no extract-
able data and included 229,606 women with a history of miscarriage and 753,236 without a his-
tory, of which 6,381 (2.78%) and 23,514 (3.12%) developed breast cancer, respectively. The
pooled RR was 0.99 (95% CI [0.93, 1.05]; p = 0.69, 1% = 79%, 95% PI [0.67, 1.48]) (Fig4a).Ina
subgroup analysis, recurrent exposure to miscarriage did not demonstrate any difference in
the risk of breast cancer when compared to either single or no history of loss (Figs K(b) and L
(b) in S1 Appendix).

Four studies assessed the risk of miscarriage and the future diagnosis of ovarian cancer.
They included a total of 65,898 women with a history of at least 1 miscarriage and 285,613
without, of which 908 (1.38%) in the former group and 2,697 (0.94%) in the latter developed
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Fig 3. Forest plots with pooled RR and 95% CIs for outcomes in women with and without history of miscarriage
or stillbirth. (a) T2DM in women with miscarriage vs. no miscarriage, (b) T2DM in women with stillbirth vs. no
stillbirth, and (c) renal disease in women with stillbirth vs. no stillbirth. CI, confidence interval; RR, risk ratio; T2DM,
type 2 diabetes mellitus.

https://doi.org/10.1371/journal.pmed.1004342.9003

ovarian cancer [19,43,56,59]. The pooled RR was 1.00 (95% CI [0.94, 1.06]; p = 0.98, I’ = 0%,
95% PI [0.78, 1.57]) (Fig 4c). Subgroup analysis comparing recurrent with a single miscarriage
yielded similar results (Fig N(c) in S1 Appendix).

Two studies assessed the association of miscarriage with endometrial cancer [51,59] and 2
with cervical cancer [19,59]. These studies included a total of 12,240 women with a history of
miscarriage and 116,425 controls, of which 498 (4.07%) in the exposed and 2,075 (1.78%) in
the control arms developed uterine malignancies. The association of miscarriage with the inci-
dence of uterine cancer yielded a pooled RR of 1.05 (95% CI [0.85, 1.31]; p = 0.65, 2 = 75%,
95% PI [0.83, 1.54]) (Fig 4d).

Four studies examined the risk of breast cancer in women who had experienced stillbirth.
These studies comprised of a total of 1,129 women with a history of stillbirth and 118,412 with-
out, with 98 (8.68%) of exposed and 12,306 (10.39%) controls developing breast cancer
[45,46,59,61]. The pooled risk of the included studies demonstrated a small but significant
reduction in the risk of breast cancer (RR: 0.80, 95% CI [0.67, 0.96]; p = 0.02, I = 0%, 95% PI
[0.72, 0.93]) (Fig 4b). Moreover, endometrial [51,59] and ovarian [59] malignancy risk was
examined in 2 and 1 studies, respectively, while cervical malignancy risk was assessed in 1
paper [59]. These studies investigated a total of 2,654 women with stillbirth and 276,553 with-
out, of which 42 (1.58%) and 1,052 (0.38%) developed female malignancies, respectively. No
meta-analysis was performed as not enough studies were retrieved.

Three studies assessed the risk of all cancer-related mortality in women with a previous his-
tory of stillbirth (n = 8,609; events: 81) [32,40,59] compared to those without such loss (con-
trols: n = 885,036; events: n = 6,245). Analysis showed an RR of 1.17 (97% CI [0.95, 1.45];

p =0.15,1° = 0%, 95% PI [1.13, 1.29]) (Fig 4e).

Mental health illness. Future risk of long-term depression, anxiety, stress, and alcohol
dependence were assessed after pregnancy loss in 5 studies of women with a history of miscar-
riage [37-39,68,69] and in 6 studies in women with a history of stillbirth [15,22,23,36,57,58].
The paper by Toffol and colleagues included data from 2 separate studies, and such we
considered them as different cohorts, as reflected by the annotation in Table 1. These studies
included 1,089 women with pregnancy loss and were compared with 4,515 controls, with
89 (8.20%) of the former and 215 (4.76%) of the latter developing long-term mental health

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004342  February 9, 2024 21/31


https://doi.org/10.1371/journal.pmed.1004342.g003
https://doi.org/10.1371/journal.pmed.1004342

PLOS MEDICINE

Fetal loss and long-term maternal morbidity and mortality; a systematic review and meta-analysis

(a) Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% C!
Brinton 1983 0061 00417 88%  106(098,1.15]
LaVecchia (a) 1987 -00604 00547 79%  0.04[085,1.05] 4
Rosenberg 1988 -01205 00369 92%  089[082,095) o
Adami 1990 007 00881 56% 1.07(0.90,1.27) =
Parazini 1992 -00102 00304 956% 0.99(0.93,1.05]
Laing 1993 02336 0084 52%  079[066,095
Lipworth 1995 00547 00948 52% 1.06(0.88,1.27]
Calle 1995 -00967 0069 68% 0.91(0.79,1.04)
Earlandsson 2003 -01297 00524 B8.1% 088(0.79,0.97] =1
Brewster 2005 -00317 00582 76% 0.97 (0.86, 1.09] 1
Reeves 2006 01667 00383 90%  1.18[1.10,1.28] -
Lambalk 2016 0153 0129 36%  086[067,1.10] -
Charach 2018 05093 01408 32%  166(1.26,219] -
Mikkelsen 2019 -00187 00217 101%  098[094,1.02)
Total (95% C1) 1000%  099[0.93,1.05]
Heterogeneity. Tau*= 0.01; Chi*= 6266, df= 13 (P < 0.00001); F= 79% bm ol % W
ASn iy oAl agect 25 0.40 =061 Exposure [Decrease Riskl Exposure fincrease Riskl
Risk Ratio Risk Ratio
(b)  _Studyor Subgroup _log[Risk Ratio] SE_Weight IV, Random. 95% CI IV, Random, 95% CI
Brinton 1983 -0.2107 02294 156% 081[052,1.27
Mikkelsen 2019 -01054 02352 149%  090[057,143
Rao 1094 -02445 01087 695%  0.78[063,007) -
Total (95% CI) 100.0% 0.80 [0.67, 0.96] *
Heterogeneity. Tau"= 0.00; ChF'= 0.20, df= 2 (P = 0.87); "= 0% n o 1 i w0
Tostforoveras ehect 2= 241 = 0.02) Exposure [Decrease Risk] Exposure ncrease Risk]
Risk Ratio Risk Ratio
()  Studyor Subgrou Risk Ratio] __SE_Weight IV, Random, 95% CI V. Random, 95% C1
Dick 2009 00117 00353 731%  1.01(0.94,1.08]
Braem 2012 -00193 00796 144%  098[0.84,1.15) +
Charach 2018 03414 04689  04%  1.41[056,353] - e
Mikkelsen 2019 -0.0663 00866 121%  0.94(0.79,1.11] ~
Total (95% CI) 100.0% 1.0 [0.94,1.06]
Heterogeneity. Tau? = 0.00; Chi"= 1.28, df= 3 (P = 0.73), F= 0% b & i T
Tostioroverall efuct 2= 0.03 = 0.05) Exposure [Decrease Risk] Exposure [increase Risk]
Risk Ratio Risk Ratio
(d) StudyorSubgroup loglRiskRatio) __SE Weight IV. Random. 95% Cl V. Random. 95% CI
¥u 2004 00376 0089 364%  1.04[067,124] .
Charach 2018 03943 01828 208%  148[1.04,212) -
Mikkelsen 2019 -01067 00542 428%  0.80[081,1.00] L
Total (95% C1) 1000%  1.05(085,1.31) *
Heterogeneity. Tau?= 0.03; ChP'= 7.93, df= 2 (P = 0.02); F= 75% 7 & % T
TostRorowrat efact 2= 043 = 0.69) Exposure [Decrease Risk] Exposure Increase Risk]
) Risk Ratio
Study or Subgroup log(Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
(Calderon-Margalit 2007 02386 02588 17.8% 1.27(0.76,2.11] i e
Hvidtjern 2015 01346 0172 403% 1.14(0.82,1.60 -
Mikkelsen 2019 01465 01689 418%  1.16[0.83,161] -
Total (95% CI) 100.0% 1.17[0.95, 1.45) >
Heterogeneily. Tau*= 0.00; ChP= 0.12, df= 2 (P= 0.04); F= 0% bor T8

Testfor overall effect Z=1.45 (P = 0.15)

CI; Confidence interval, IV; Inverse Variance, SE; Standard Error

01 10
Exposure [Decrease Risk] Exposure (increase Risk]

Fig 4. Forest plots with pooled RR and 95% ClIs for oncological morbidity outcomes in women with and without

history of miscarriage or stillbirth. (a) Breast cancer in women with miscarriage vs. no miscarriage, (b) breast cancer
in women with stillbirth vs. no stillbirth, (c) ovarian cancer in women with miscarriage vs. no miscarriage, (d) uterine
malignancies in women miscarriage vs. no miscarriage, (e) all cancer-related mortality in women with stillbirth vs. no
stillbirth. CI, confidence interval; RR, risk ratio.

https://doi.org/10.1371/journal.pmed.1004342.g004

outcomes. The pooled RR of long-term depression following miscarriage was 1.78 (95% CI
[0.88,3.62]; p=0.11, I = 88%, 95% PI [1.13, 4.16]) (Fig 5a). Four studies examined depression
risk in women with history of stillbirth [22,36,57,58] including 545 (events: 256 [46.97%])
women with loss and 1,172 (events: 388 [33.12%]) controls, resulting in a pooled RR of 1.88
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Fig 5. Forest plots with pooled RR and 95% ClIs for depression in women with and without history of (a)
miscarriage or (b) stillbirth. CI, confidence interval; RR, risk ratio.
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.0005

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004342  February 9, 2024

22/31


https://doi.org/10.1371/journal.pmed.1004342.g004
https://doi.org/10.1371/journal.pmed.1004342.g005
https://doi.org/10.1371/journal.pmed.1004342

PLOS MEDICINE

Fetal loss and long-term maternal morbidity and mortality; a systematic review and meta-analysis

(95% CI[0.95, 3.70]; p = 0.07, 1% = 85%, 95% PI [0.34, 9.51]) (Fig 5b). There were 2 studies
exploring the risk of anxiety related to a history of stillbirth [22,23] and meta-analysis was not
possible.

Discussion

We conducted a systematic review and meta-analysis examining the association between fetal
loss and long-term maternal morbidity or mortality in women experiencing either miscarriage
or stillbirth.

Our results suggest that women experiencing stillbirth have an increased risk of developing
IHD and cerebrovascular disease by 56% and 71%, respectively. We showed a 16% increase in
the risk of T2DM after stillbirth. Additionally, women with a history of stillbirth are almost
twice as likely to develop renal disease in the future. There was no evidence of an association
between history of stillbirth, single or recurrent miscarriage with future psychiatric disease,
ovarian or any other female malignancies.

Cardiovascular disease (CVD) is one of the most commonly examined long-term maternal
morbidities after pregnancy loss [10,17,28,40]. Individual population-based cohort studies
demonstrate an increase in the risk of IHD ranging from 1.7 [44] to 2.7 [28] times compared
to women with no history of pregnancy loss. However, there are other studies not supporting
such an association in this systematic review [8,41,54]. Our results are in keeping with pub-
lished systematic reviews in this area suggesting a history of stillbirth increases the risk of CVD
by up to 50% [70]. Our work provides an updated and comprehensive analysis, covering a lon-
ger follow-up period. However, we acknowledge that risk factors for stillbirth such as pre-
eclampsia and gestational diabetes are established risk factors for CVD. Given the available
data in aggregated studies, we were unable determine the impact of these factors individually
in this review. It is possible that data on combined risk factors (such as gestational diabetes
and preeclampsia combined, along with others) may have influenced our findings. Our results
suggest that a history of stillbirth maybe an indicator of cardiovascular risk over and above
established risk factors such as gestational diabetes for long-term morbidity and merits further
research.

There are several studies examining the association of miscarriage with long-term develop-
ment of CVD with conflicting results with some of these suggesting that miscarriage increases
future CVD [24,28,44,48], whereas the majority were unable to demonstrate an effect
[17,26,41]. A previous meta-analysis by Oliver-Williams and colleagues concluded that miscar-
riage increases the risk of CVD by 45%, while recurrent exposure makes it twice as likely [11].
Our results, which update these analyses, did not find a substantial relationship between mis-
carriage including recurrent loss with developing CVD. This may be due to the addition of
contemporary studies with more complete longitudinal data and case definitions.

Cerebrovascular disease, while closely associated with IHD, is often examined separately
because of the different pathological mechanisms and related morbidity. Studies investigating
the association of history of stillbirth with both ischaemic and haemorrhagic strokes are varied,
with some suggesting an increase in the risk [18,28], while others did not show an association
[8,41,42]. Our analysis is the first pooled analysis of cerebrovascular morbidity to our knowl-
edge in women experiencing a stillbirth. Our results suggest an overall higher risk of morbidity
in women with a history of stillbirth, again suggesting a stillbirth maybe a marker of early car-
diovascular disease.

Stillbirth and miscarriage are pregnancy losses occurring at different gestational ages and it
has been hypothesised that they may share an underlying aetiology related to placental malfor-
mation, thrombotic and vascular changes. It is suggested that women experiencing stillbirth
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are exposed to these changes for a longer period and therefore are further predisposed to long-
term cerebrovascular disease. However, other risk factors such as hyperlipidaemia, hypergly-
caemia, preeclampsia, insulin resistance, and gestational diabetes [71,72] contribute to both
higher risk of stillbirth and subsequent greater risk of CVD or other metabolic consequences.
Early miscarriages (either single or recurrent) are more likely to be multifactorial with vascular
factors in only a small percentage of them which would dilute the impact on the overall CVD
risk [73].

The metabolic disturbances and the related hyperinsulinemia and insulin resistance in
pregnancy [74,75] can lead to the future development of T2DM in women with a history of
stillbirth. Our results support this, as we demonstrated a 16% increase in the exposed group
compared to controls. A prospective cohort study by Horn and colleagues suggests a 45%
increase in the risk [34]. History of stillbirth can be on the causal pathway between pregnancy
hyperglycaemia and T2DM; this may dilute the direct association between stillbirth and
T2DM because of the strength of the association of other mediating and risk factors such as
obesity, diet, and ethnicity [76,77].

Renal disease and hypertensive disorders following stillbirth have been explored in the liter-
ature. Specifically, data by Barret and colleagues illustrate a 30% increase in the risk of develop-
ing CKD, following stillbirth, as renovascular hypertension (RHTN) is common in these
women [9]. Our pooled analyses support this. Whether this is mediated through hypertensive
disorders in pregnancy is unclear, but our analysis shows the potential of identifying women at
risk of future disease.

The correlation between history of stillbirth and occurrence of maternal malignancy is
inconsistent in the literature. Breast, ovarian, endometrial, and cervical cancers are the most
commonly reported neoplasms [45,46,59,61]. Our meta-analysis suggests that women
experiencing a stillbirth are at a lower risk of developing breast cancer in the future. The mech-
anisms mediating the modest risk reduction for history of stillbirth warrant further laboratory,
clinical, and epidemiological investigations but may be partially related with reduced gesta-
tional duration and therefore exposure to high levels of reproductive hormones. A well-
defined comparator group and good phenotype of breast cancer types may shed more light on
the mechanisms underlying this association. Our analysis involved a small number of studies,
something necessitating further research with replication of results in future studies.

Pregnancy loss of any type is considered a significant psychological stressor with detrimen-
tal effects to maternal wellbeing. Women experiencing loss often exhibit signs of guilt, anger,
sadness, and, in some cases, depression [5]. They often view stillbirth or miscarriage as the loss
of a family member and therefore undergo a mourning process [5]. Studies indicate that the
rate of depression and anxiety-related illness observed in mothers with a history of pregnancy
loss is up to 55% [78-80] and 45% of exposed women, respectively [7,81,82]. Research suggests
that signs of psychological morbidities remain evident up to 3 years after stillbirth, even with
the birth of another child [80,83]. Our results demonstrate an association, albeit not signifi-
cant, between history of stillbirth or miscarriage and depression beyond 1 year following the
loss. The heterogeneity of the tools for assessing depression, in the duration of follow-ups and
methodological approaches, may have weakened the association in our pooled analysis
[23,36,58]. There is a need to further assess this relationship with more objective tools and a
larger more representative population.

Our meta-analysis has several strengths. To our knowledge, this study is the first compre-
hensive systematic review evaluating the likelihood of future morbidity and mortality across
all organ systems in women with a previous exposure to any type of pregnancy loss. Our search
involved 6 global electronic databases with no time or language restrictions, including a search
of the grey literature. Secondly, the majority of the included studies scored highly on the NOS
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quality assessment tool, thereby indicating low risk of methodological bias in the aggregated
data. Lastly, the heterogeneity reported in some of the outcomes including malignant and
renal disease in the stillbirth cohort was small, indicating appropriate grouping of results.

However, there are also limitations. Firstly, the heterogeneity for the circulatory, metabolic,
and psychiatric outcomes was relatively high for both the stillbirth and miscarriage groups.
This could be explained by the small number of studies, which might not be fully representa-
tive of the prevalence of these conditions in the general population. It can be argued that while
I? is able to compare heterogenicity of meta-analysis with different numbers of studies, it has
been shown to also increase in value with increasing sample size. In our meta-analysis, some of
the included studies involve many thousands of women and thus tau” figures, which is unaf-
fected by sample size, are more useful in assessing heterogeneity [84]. Additionally, the follow-
up period, sample size reported, as well as definitions of stillbirth and miscarriage also varied
between studies, further contributing to this variation. Also, we note that while we used the
most adjusted results from the studies, we recognise that there is some degree of confounding
which cannot be accounted for. This is because the included studies are observational and
thus, we extracted aggregated data with variable degrees of adjustment. This is specifically rele-
vant to the association of stillbirth with CVD as we are unable to adjust for preeclampsia or
gestational diabetes in the aggregated data. Some of the reported outcomes, for example, breast
cancer in women with a history of stillbirth involved a small number of studies, something
which warrants further research to investigate reliability of the results. Lastly, most of the
retrieved studies investigated the population from high-income regions, suggesting our find-
ings may not be generalisable in middle- and low-income settings.

Our results show women experiencing a fetal loss, and specifically stillbirth, are at a higher
risk of IHD, cerebrovascular disease, T2DM, as well as renal morbidities. Although it is unclear
whether the associations are causal, our results identify a group of high-risk women for subse-
quent disease that may benefit from close monitoring and primary prevention mechanisms for
risk modification. Further research which will phenotype better this high-risk group and assess
the additional value of stillbirth beyond established risk factors such as preeclampsia and gesta-
tional diabetes is warranted.
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