
European Heart Journal Open (2022) 2, 1–10 
https://doi.org/10.1093/ehjopen/oeac065

ORIGINAL ARTICLE 
Epidemiology and prevention

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The risk of cardiovascular diseases after 
miscarriage, stillbirth, and induced abortion: 
a systematic review and meta-analysis
Harry Kyriacou1,†, Abdulrahman Al-Mohammad1,†, Charlotte Muehlschlegel1,†, 
Lowri Foster-Davies1, Maria Eduarda Ferreira Bruco2, Chloe Legard2, 
Grace Fisher1, Fiona Simmons-Jones3, and Clare Oliver-Williams 4,5,6,7,*
1School of Clinical Medicine, Addenbrooke’s Hospital, Hills Rd, Cambridge CB2 0SP, UK; 2Oxford University Hospitals NHS Foundation Trust, John Radcliffe Hospital, Headley Way, 
Headington, Oxford OX3 9DU, UK; 3Health Education East of England, 2.4- Vicotria House, Capital Park, Fulbourn, Cambridge, CB21 5XB, UK; 4Cardiovascualr Epidemiology Unit, 
Department of Public Health and Primary Care, University of Cambridge Papworth Road, Cambridge Biomedical Campus, Cambridge, CB2 0BB, UK; 5Homerton College, University of 
Cambridge, Hills Rd, Cambridge CB2 8PH, UK; 6Biostatistics Research Group, Department of Health Sciences, University of Leicester, George Davies Centre, University Rd, Leicester LE1 
7RH, UK; and 7Central Bedfordshire Council, Priory House, Chicksands, Monks Walk, Shefford SG17 5TQ, UK

Received 3 June 2022; revised 26 September 2022; online publish-ahead-of-print 5 October 2022

Handling Editor: Magnus Bäck

Aims Miscarriage and stillbirth have been included in cardiovascular disease (CVD) risk guidelines, however heterogeneity in ex-
posures and outcomes and the absence of reviews assessing induced abortion, prevented comprehensive assessment. We 
aimed to perform a systematic review and meta-analysis of the risk of cardiovascular diseases for women with prior preg-
nancy loss (miscarriage, stillbirth, and induced abortion).

Methods 
and results

Observational studies reporting risk of CVD, coronary heart disease (CHD), and stroke in women with pregnancy loss were 
selected after searching MEDLINE, Scopus, CINAHL, Web of Knowledge, and Cochrane Library (to January 2020). Data 
were extracted, and study quality were assessed using the Newcastle-Ottawa Scale. Pooled relative risk (RR) and 95% con-
fidence intervals (CIs) were calculated using inverse variance weighted random-effects meta-analysis.

Twenty-two studies involving 4 337 683 women were identified. Seven studies were good quality, seven were fair and 
eight were poor. Recurrent miscarriage was associated with a higher CHD risk (RR = 1.37, 95% CI: 1.12–1.66). One or 
more stillbirths was associated with a higher CVD (RR = 1.41, 95% CI: 1.09–1.82), CHD (RR = 1.51, 95% CI: 1.04–1.29), 
and stroke risk (RR = 1.33, 95% CI: 1.03–1.71). Recurrent stillbirth was associated with a higher CHD risk (RR = 1.28, 
95% CI: 1.18–1.39). One or more abortions was associated with a higher CVD (RR = 1.04, 95% CI: 1.02–1.07), as was re-
current abortion (RR = 1.09, 95% CI: 1.05–1.13).

Conclusion Women with previous pregnancy loss are at a higher CVD, CHD, and stroke risk. Early identification and risk factor man-
agement is recommended. Further research is needed to understand CVD risk after abortion.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death among wo-
men. Understanding of female-specific risk factors has increased,1 al-
lowing appropriate risk stratification and prevention, accurate 
counselling, and early intervention. This is reflected by inclusion of mis-
carriage and stillbirth in recent CVD risk guidelines for women.1

However, these recommendations provide limited indication of the 
magnitude of risk associated with stillbirth or miscarriage, and do not 
differentiate between different exposures (history of miscarriage and 
recurrent miscarriage, or history of stillbirth and recurrent stillbirth) 
and different outcomes [coronary heart disease (CHD), stroke, and 
CVD].

Further evidence gaps remain. To the authors’ knowledge, no previ-
ous review has assessed the cardiovascular outcomes for women with 
prior abortions. In spite of induced abortion (henceforth known as 
‘abortion’) being common; there were 209 917 abortions in England 
& Wales in 2020 and 1% of women aged 15–44 in the US underwent 
legally reported abortions in 2019.2,3 Similarly, no previous review has 
assessed the risk of CHD after stillbirth, which affects 1.8% of babies 
worldwide (0.3% in developed countries).4 Inclusion of miscarriage in 
this review, which has been reviewed previously,5,6 facilitates compre-
hensive comparison of the magnitude of CVD, CHD, and stroke risk 
across different forms of pregnancy loss.

Therefore, we comprehensively examined CVD, CHD, and stroke 
risk for women with prior miscarriage, stillbirth, or abortion. This gives 
a comprehensive picture of the heterogeneity of cardiovascular risks 
across different forms of pregnancy loss and furthers the discussion 
of whether the cessation of a pregnancy in and of itself, as opposed 

to the pathophysiology underlying miscarriage and stillbirth, contri-
butes to CVD.

Methods
Study design
This systematic review of studies explored the relationship between preg-
nancy loss and risk of cardiovascular outcomes in accordance with the 
Meta-Analysis of Observational Studies in Epidemiology (MOOSE)7 state-
ment and the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA)8 protocol (see Supplementary material online, 
Tables S1–S3). It was registered with PROSPERO (CRD42020167587) 
and a protocol was published.9

Study selection
The following databases were systematically searched for relevant articles 
up to January 2020: MEDLINE (through PubMed), Scopus, CINAHL, 
Web of Knowledge, and the Cochrane Library. No time restrictions 
were applied. Medical search headings and open text fields were used to 
identify articles. Exposure search terms included: ‘Miscarriage’, ‘Recurrent 
Miscarriage’, ‘Fetal Death’, ‘Stillbirth’, ‘Induced Abortion’, and ‘Abortion’. 
Outcome search terms were: ‘Cardiovascular Disease’, ‘Coronary Heart 
Disease’, ‘Stroke’, and ‘Transient Ischaemic Attack’. Full search terms are gi-
ven in Supplementary material online, Table S4. The PubMed search was re-
stricted to humans. Reference lists of relevant articles were also searched.

To be included, articles had to assess the association between one form 
of pregnancy loss and a cardiovascular outcome in otherwise healthy wo-
men. Papers evaluating ectopic pregnancies, neonatal death, or combina-
tions of pregnancy loss were excluded to minimize heterogeneity.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
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Exposures were categorized as a history of pregnancy loss, where one or 
more miscarriages, stillbirths, or abortions was considered exposed; or re-
current pregnancy loss, defined as at least two or more miscarriages, still-
births, or abortions. This created six exposure groups: (i) history of one 
or more miscarriages, (ii) recurrent (two or more) miscarriages, (iii) history 
of one or more stillbirths, (iv) recurrent stillbirths, (v) history of one or 
more abortions, and (vi) recurrent abortions. The comparison group was 
women who had not experienced the relevant pregnancy losses.

CVD, CHD, angina, myocardial infarction, overall stroke, ischaemic and 
haemorrhagic stroke, and transient ischaemic attacks (TIA) were outcomes 
of interest. Outcomes were segregated into overall CVD; CHD (including 
CHD diagnoses and coronary artery bypass graft); and stroke (including is-
chaemic and haemorrhagic stroke with or without TIA).

Cohort or case-control studies were included. Where raw data was pro-
vided but not association measures, the data were used to calculate an un-
adjusted estimate. The decision to include studies was hierarchical; study 
titles, abstracts, and finally the full text were assessed.

Some identified papers used data from the same individuals and assessed 
the same exposure-outcome combinations in multiple publications. When 
this occurred, the article containing the greater number of participants or, if 
that was not applicable, the article with more detailed analytic information 
was selected. When an article provided risk estimates for subgroups of an 
exposure, e.g. early miscarriage and late miscarriage, the analysis with the 
largest number of individuals was included.

Data extraction
The literature search and data extraction were conducted by eight indivi-
duals. Information was collected using a pre-designed data extraction 
form which included: lead author, publication year, study design, population 
studied, exposure and outcome assessed, the number of cases and non- 
cases, the association measure, point estimate and 95% confidence intervals 
(CIs), and any adjustment/stratification/matching variables. Each study was 
reviewed for inclusion/exclusion by two independent reviewers. 
Differences were discussed and resolved by a third reviewer (F.S.-J. or 
C.O.-W.).

Study quality and quality of evidence across 
studies
Three authors assessed study quality using the Newcastle-Ottawa Scale,10

which judged articles on the selection criteria of participants, comparability 
of cases and controls, and exposure or outcome assessment. The final score 
was converted to Agency for Healthcare Research and Quality (AHRQ) 
standards.11 Discrepancies between authors were adjudicated by C.O.-W.

The strength of the evidence from each meta-analysis was assessed using 
the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) approach.12 This was applied where two or more 
studies evaluated the same outcome. As all studies were observational, 
the initial rating was low quality. It is downgraded for each serious study 
limitation [risk of bias (RoB), indirectness of evidence, serious inconsistency, 
effect estimate imprecision, or publication bias]. Evidence was upgraded for: 
a large effect magnitude [relative risk (RR) > 2 or <0.5], dose-response gra-
dient, and if all residual confounding would reduce the magnitude of effect.

The following significantly associated exposure-outcome combinations 
were included in the GRADE assessment: history of stillbirth and CVD, re-
current miscarriage and CHD, history of stillbirth and CHD, recurrent still-
birth and CHD, and history of stillbirth and stroke.

Statistical analysis
To conduct meta-analyses, at least two studies evaluating the same 
exposure-outcome combination was needed. If only one study was found, 
results were included in the narrative review alone.

The inverse variance weighted random-effects meta-analysis combined 
odds ratios (ORs), RRs, and hazard ratios (HRs) to produce a pooled RR 
and 95% CI, under the rare outcome assumption. The Hartung- 
Knapp-Sidik-Jonkman (HKSJ) model was used to allow for between-study 
heterogeneity as clear differences between studies were identified, such 
as ethnicity. Cochrane χ2 statistic and the I2 statistic assessed heterogeneity. 
Forest plots displayed individual and summary risk estimates.

Sensitivity analyses
To assess the impact of different statistical models on the results, sensitivity 
analyses were conducted using only studies that performed Cox propor-
tional hazards regression models, as this was the most common statistical 
method.

Separately, meta-analyses were rerun with fixed-effects models to assess 
the results’ consistency and provide an estimation of the relationship spe-
cifically in the populations studied.

Several studies assessed the risk of stroke subtypes (intracerebral haem-
orrhage and ischaemic stroke). To assess risk of any stroke outcome, 
meta-analyses were conducted that combined risk estimates for overall 
stroke and stroke subtypes.

Stratified analyses were conducted to evaluate (i) differential adjustment 
levels by excluding poorly adjusted studies, and (ii) the impact of confound-
ing and bias in individual studies by the exclusion of poor-quality studies ac-
cording to AHRQ standards.

Small study effects were evaluated through funnel plots and Egger tests 
for meta-analyses including at least 10 studies.13

All tests were two-tailed and P values of <0.05 were considered statistic-
ally significant. STATA software package (version 14.2; Stata Corp, College 
Station, TX) and R version 4.1.2 (R Foundation, Vienna, Austria, www.r- 
project.org) were used for statistical analyses.

Results
The search identified 22 034 papers; 21 922 were excluded during ab-
stract screening. The remaining 112 papers were reviewed in full. 
Twenty-two articles, with 4 337 683 women, were included 
(Figure 1). Table 1 summarizes the studies included in the systematic re-
view. Sixteen cohort studies15,16,18,19,21,24,26,27,29–34,28 and six case- 
control studies were identified.14,20,22,23,25,35 In total, 355 745 women 
had one or more miscarriages, 54 613 women had one or more still-
births, and 262 847 women had one or more abortions. Studies were 
conducted in Europe (12 studies),14,15,20–22,24,25,29,31–34 North 
America (4 studies),1,17,28,35 and Asia (6 studies).16,18,19,23,26,30

Pregnancy loss was self-reported or ascertained through medical re-
cords, registry data, or health insurance claims. Based on the AHRQ 
standards, seven studies were judged to be of good quality (low 
RoB), seven studies were fair quality (moderate RoB), and eight were 
poor quality (high RoB) (see Supplementary material online, Tables S5 
and S6).

In cohort studies, 17.1% women had a history of miscarriage, 2.4% 
had recurrent miscarriages, 1.4% reported a history of stillbirth, 0.4% 
had recurrent stillbirths, 38.8% reported a history of abortion, and 
17.9% had recurrent abortions.

Figure 2 summarises the results of the meta-analyses.

Cardiovascular disease
Eight studies examined CVD risk. Three studies,30,31,34 including 630 
214 women, examined CVD risk associated with a history of miscar-
riage and four studies,19,30,31,34 including 712 403 women, assessed 
risk associated with recurrent miscarriages (see Supplementary 
material online, Table S7). Six studies,16,24–26,30,31 including 2 400 480 
women, and three studies,27,30,31 including 654 540 women, assessed 
risk associated with a history of stillbirth and recurrent stillbirths, re-
spectively (see Supplementary material online, Table S8). One study30

assessed risk associated with a history of abortion (302 669 women), 
and recurrent abortions (total number of women not reported) (see 
Supplementary material online, Table S9).

Supplementary material online, Figure S1 shows the results of the 
CVD systematic review and meta-analyses. Meta-analyses found no evi-
dence for a higher CVD risk in women with a history of one or more 
miscarriages, RR = 1.02 (0.91–1.15); with moderate levels of between- 
study heterogeneity (I2 = 57.9%, P = 0.093). There was some indication 
that women with a history of recurrent miscarriage were at higher 

http://www.r-project.org
http://www.r-project.org
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
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CVD risk, RR = 1.29 (0.98–1.71). High levels of between-study hetero-
geneity were found (I2 = 84.0%, P < 0.001). Higher CVD risk was found 
for women with a history of stillbirth, RR = 1.41 (1.09–1.82), but there 
was limited evidence of a higher risk for women with recurrent still-
birth, RR = 1.57 (0.49–5.02). High levels of between-study heterogen-
eity were found in both meta-analyses, (I2 = 82.0%, P < 0.001 and I2 = 
78.8%, P = 0.009, respectively).

One study assessed CVD risk with a history of abortion or recurrent 
abortion. Higher risk was found for a history of abortion and recurrent 
abortion: RR = 1.04 (1.02–1.07) and RR = 1.09 (1.05–1.13), 
respectively.

Excluding studies that were minimally adjusted or excluding poor- 
quality studies had little impact on findings (see Supplementary 
material online, Figures S2 and S3, respectively). Conducting 
fixed-effects meta-analyses to estimate risk specifically in the popula-
tions studied found all forms of pregnancy loss were associated with 
a higher CVD, although the risk was lower for history of stillbirth, RR 
= 1.10 (1.06–1.14) and a positive association with recurrent stillbirth 
was found, RR = 1.19 (1.06–1.33) (see Supplementary material 
online, Table S10). When analyses were limited to studies that had per-
formed the Cox proportional hazards regression model, results were 
broadly consistent (see Supplementary material online, Figure S4).

Coronary heart disease
Seventeen studies examined CHD risk. Eleven studies,14,17,20,21,25,30–35

including 1 788 781 women, examined CHD risk associated with history 
of miscarriage and 13 studies,14,17,21,22,24,27,28,30–35 including 175 064 wo-
men, assessed risk associated with recurrent miscarriages (see 
Supplementary material online, Table S11). Eight studies,16,21,25,27,28,30–32

including 1 769 309 women, and four studies,18,27,30,31 including 871 

207 women, assessed risk associated a history of stillbirth and recurrent 
stillbirths, respectively (see Supplementary material online, Table S12). 
Four studies,14,21,22,30 including 296 116 women, and four stud-
ies,14,18,24,30 including 537 769 women, assessed risk associated with 
a history of abortion and recurrent abortions, respectively (see 
Supplementary material online, Table S13).

Supplementary material online, Figure S5 shows the results of the 
CHD systematic review and meta-analyses. There was non-significant 
evidence of a higher CHD risk associated with a history of one or 
more miscarriages, RR = 1.17 (0.99–1.27) with moderate levels of 
between-study heterogeneity (I2 = 41.5%, P = 0.072). Women with re-
current miscarriages were at significantly higher risk, RR = 1.37 (1.12– 
1.66) with little evidence of between-study heterogeneity (I2 = 20.6%, 
P = 0.235). Higher CHD risk was found for women with a history of 
stillbirth, RR = 1.51 (1.04–2.19), and women with recurrent stillbirth, 
RR = 1.28 (1.18–1.39). High levels of between-study heterogeneity 
were found in the history of stillbirth meta-analysis (I2 = 89.6%, P < 
0.001), but no evidence of between-study heterogeneity in the recur-
rent stillbirth meta-analysis (I2 = 0.0%, P = 0.956). No increased CHD 
risk was noted for women with a history of abortion, RR = 1.08 
(0.85–1.38), nor for women with recurrent abortion, RR = 0.94 
(0.57–1.55). There was no evidence of between-study heterogeneity 
in the history of abortion meta-analysis (I2 = 0.0%, P = 0.460), but 
high levels were identified for recurrent abortion (I2 = 68.1%, P = 
0.026).

Excluding studies that were minimally adjusted or excluding poor- 
quality studies had little impact on findings (see Supplementary 
material online, Figures S6 and S7, respectively). Results of fixed-effects 
meta-analyses to estimate the relationships specifically in the popula-
tions studied found positive associations between all forms of preg-
nancy loss and CHD (see Supplementary material online, Table S14), 

Figure 1 Flowchart of study selection.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
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although CHD risk associated with a history of stillbirth was diminished, 
RR = 1.09 (1.03–1.16). When analyses were limited to studies that had 
performed the Cox proportional hazards regression model, results 
were broadly consistent, except for the history of stillbirth analysis, 
which was no longer significant, HR = 1.57 (0.91–2.71) (see 
Supplementary material online, Figure S8).

Stroke
Eight studies examined overall stroke risk. Seven studies20,21,28–32,34 includ-
ing 1 853 783 women examined overall stroke risk associated with a his-
tory of miscarriage and five studies21,28,30–32 including 1 748 656 women 
assessed risk associated with recurrent miscarriages (see Supplementary 
material online, Table S15). Six studies21,28,30–32 including 1 646 726 wo-
men and two studies30,31 including 557 013 women assessed risk asso-
ciated with a history of stillbirth and recurrent stillbirth, respectively (see 
Supplementary material online, Table S16). Three studies21,29,30 including 
413 509 women and two studies21,30 including 298 715 women assessed 
risk in women with a history of abortion and recurrent abortions, respect-
ively (see Supplementary material online, Table S17).

Supplementary material online, Figure S9 shows the results of the sys-
tematic review and meta-analyses of stroke risk. Meta-analysis did not 
find a higher stroke risk in women with a history of one or more mis-
carriages, RR = 1.05 (0.88–1.25) with moderate levels of between- 
study heterogeneity (I2 = 66.0%, P = 0.007). Women with recurrent 
miscarriage were also not at higher risk, RR = 1.05 (0.89–1.24), with 
no evidence of between-study heterogeneity (I2 = 0.0%, P = 0.421). 
Higher stroke risk was found for women with a history of stillbirth, 
RR = 1.33 (1.03–1.71), with high levels of between-study heterogeneity 
(I2 = 74.6%, P = 0.001). This was not found in the meta-analysis of re-
current stillbirth, RR = 1.17 (0.05–24.76), with moderate levels of 
between-study heterogeneity (I2 = 59.6%, P = 0.116). No higher stroke 
risk was found for women with a history of abortion, RR = 1.05 (0.92– 
1.21), or recurrent abortion, RR = 1.18 (0.06–30.09), with no evidence 
of between-study heterogeneity in either meta-analysis (I2 = 0.0%, P = 
0.671) and (I2 = 0.0%, P = 0.389), respectively.

When studies that assessed either ischaemic or haemorrhagic stroke 
alone18,25 were included in the meta-analysis the findings did not change 
(see Supplementary material online, Figure S10).

Excluding poorly adjusted studies had little impact on the findings 
(see Supplementary material online, Figure S11) nor did restricting ana-
lyses to studies at low RoB (see Supplementary material online, 
Figure S12). Conducting fixed-effects meta-analyses to estimate the re-
lationships specifically in the overall populations found some differences 
(see Supplementary material online, Table S18). The exceptions were a 
significantly higher risk was found for history of miscarriage, RR = 1.06 
(1.02–1.09), history of abortion, RR = 1.04 (1.01–1.07), and recurrent 
abortion, RR = 1.09 (1.04–1.15), as well as a diminished association 
for a history of stillbirth, RR = 1.10 (1.04–1.15). When analyses were 
limited to studies that had performed the Cox proportional hazards re-
gression model, results were broadly consistent with the 
random-effects model, except for the history of stillbirth analysis, which 
was no longer significant, HR = 1.36 (0.92–2.01) (see Supplementary 
material online, Figure S13).

Small study effects
Neither of the funnel plots for CHD risk associated with a history of 
miscarriage and recurrent miscarriage showed asymmetry (Egger 
test, P = 0.325 and P = 0.209, respectively) (see Supplementary 
material online, Figures S14 and S15).

GRADE assessment
Downgrading due to RoB, inconsistency and imprecision resulted in 
low to very low evidence in all meta-analyses except recurrent 
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miscarriage and CHD, which was rated as moderate due to a 
dose-response relationship (recurrent miscarriage is associated with a 
higher risk than a history of miscarriage) (see Supplementary material 
online, Table S19).

Discussion
Main findings
This is, to our knowledge, the first meta-analysis comprehensively in-
vestigating the associations between pregnancy loss and future CVD 
risk. We identified a higher CVD risk for women with a history of still-
birth, and a history of recurrent abortion. Higher CHD risk was found 
for women with a history of recurrent miscarriage, a history of one or 
more stillbirths or recurrent stillbirth. Higher stroke risk was found for 
women with a history of stillbirth.

Strengths and limitations
This review has multiple strengths. It evaluated several forms of preg-
nancy loss and CVD, providing a comprehensive picture. It employed 
a wide-ranging search strategy of five databases, and it included over 
4.3 million women across three continents.

However, limitations remain. Although five databases were 
searched without language or time restrictions relevant studies may 
have been missed. Additionally, some pregnancy losses may have 
been unreported. Miscarriage, for example, can often go undetected 
in early pregnancy. It is also a sensitive topic which some women may 
not want to disclose. The same applies to abortion, which can carry a 
social stigma and may be achieved by unconventional means due to ac-
cessibility issues. This may have led to underestimates of exposed wo-
men, resulting in differential misclassification, which would bias results 
towards the null. Geographical diversity of healthcare models, medical 
standards and legislature, may also mean that this review’s results are 

Figure 2 Summary of random-effects meta-analyses of pregnancy loss and risk of cardiovascular disease, coronary heart disease and stroke. CI, con-
fidence interval; CHD, coronary heart disease; CVD, cardiovascular disease; RR, relative risk.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac065#supplementary-data
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not generalisable to all settings, despite the inclusion of studies from 
three continents.

Residual confounding may have impacted the findings, although the 
exclusion of poorly adjusted studies had little impact on the results. 
Pregnancy complications should be considered as potential confoun-
ders of the association between pregnancy loss and CVD. Many preg-
nancy complications are associated with pregnancy loss and CVD.36,37

Few studies adjusted for pregnancy complications, although the one 
study that did found adjustment had little impact on the association be-
tween miscarriage and CHD.33 Between-study heterogeneity was 
noted in some meta-analyses, although the exclusion of poor-quality 
studies had little impact on this. Other factors which may be respon-
sible for this include: (i) population differences, such as differential inclu-
sion of premenopausal women who may experience subsequent 
pregnancy loss; (ii) differential case ascertainment and case definitions 
for CHD and stroke; and (iii) varying adjustment levels.

Interpretation
The American Heart Association and the American College of 
Obstetricians and Gynecologists recommend CVD screening starting 
in the first 3 months post-partum for women with adverse pregnancy 
outcomes including any history of miscarriage or stillbirth.1,38 This re-
view’s findings underscore that recurrent miscarriage should be expli-
citly included in guidelines. It also highlights the question of how 
easily women who have experienced miscarriages can be identified 
for screening, as women may not approach medical professionals 
when miscarrying.

Some differences between the random-effects model and the 
fixed-effects model were noted. The fixed-effects model estimates 
the relationships specifically in the populations studied, while 
random-effects models estimate the association in the underlying 
population. In CVD and CHD analyses, all forms of pregnancy loss 
were associated with a higher risk in fixed-effects models, although 
the point estimates were comparable between models. The difference 
in significance is likely due to the random-effects model having less 
power, but this emphasizes the need for further research into the car-
diovascular implications of pregnancy loss to accurately ascertain the 
presence and magnitude of the risk.

The aetiological links underlying the observed associations between 
miscarriage and CHD, and stillbirth and CVD, warrant further discus-
sion. Women who experience miscarriage or stillbirth may have a pre- 
existing predisposition to CVD that unmasks itself during pregnancy, 
leading to pregnancy loss. This theory is supported by multiple joint 
risk factors for miscarriage or stillbirth and CVD, including body mass 
index,39,40 and chronic maternal disorders, such as diabetes,41,42 poly-
cystic ovary syndrome,43,44 and chronic kidney disease.45,46

Alternatively, or in addition, the physiological changes that occur during 
pregnancy, especially pregnancies that end in stillbirth and miscarriage, 
may have long-term consequences on maternal health.

Several reviews have investigated CVD risk after stillbirth or miscar-
riage.5,6 The results of this meta-analysis are in line with prior reviews 
and build upon them by including abortion. Induced abortion was hy-
pothesised to represent a natural control for miscarriages. An increased 
risk of CVD was found for women with a history of recurrent abortion in 
a single study. This finding may be because the cessation of a pregnancy in 
and of itself, as opposed to the pathophysiology underlying miscarriage, 
may contribute to CVD risk. Alternatively, women who access abortions 
may be more likely to have pre-existing medical conditions that predis-
pose them to developing CVD. For example, women who have type 1 
diabetes may be more likely to have an abortion47 and are at a higher 
CVD risk.42 Alternatively, residual confounding may have led to the ob-
served association.

Recent research using a large low-income American population also 
adds to the weight of evidence linking abortion to cardiovascular 

outcomes.48 After adjusting for multiple confounders, women whose 
first pregnancy ended in either miscarriage or abortion were 18% 
more likely to develop CVD and more likely to have a haemorrhagic 
stroke compared with women with only live births. Unfortunately, 
the American study (n = 1 157 980) did not segregate the results asso-
ciated with miscarriage and abortion separately. In the present 
meta-analysis, a significantly higher risk of stroke was not found for ei-
ther abortion or miscarriage, though higher risks were identified in two 
individual studies. Given this and the findings of our meta-analysis, more 
research is required to fully elucidate the nature and mechanisms 
underlying associations between abortion and CVD.

Conclusion
Women with a history of any form of pregnancy loss are at higher CVD 
risk. This study highlights the potential CVD burden for women with 
prior pregnancy loss, emphasising the need for risk-factor screening 
and early management after pregnancy loss.
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