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ABSTRACT

Context The 2011 American Heart Association
guidelines identified pregnancy complications as a risk
factor for cardiovascular disease in women. However,
miscarriage was not mentioned within the guidelines,
and there is no consensus on the association between
miscarriage and future risk of cardiovascular disease.
Objective To confirm or refute the association, a
meta-analysis of published papers was conducted.

Data sources PubMed, Web of Knowledge and
Scopus were systematically searched to identify
appropriate articles. Reference lists were then hand
searched for additional relevant titles.

Study Selection To be included, articles had to assess
the association between miscarriage and subsequent
cardiovascular disease in otherwise healthy women. Only
women who had miscarriages were considered exposed.
Pooled association measures, using random effects
meta-analysis, were calculated for coronary heart disease
and cerebrovascular disease. Publication bias and
between-study heterogeneity were evaluated.

Data Extraction Two authors individually reviewed all
studies and extracted data on patient and study
characteristics along with cardiovascular outcomes.
Results 10 studies were identified, with 517 504
individuals included in the coronary heart disease
meta-analysis and 134 461 individuals in the
cerebrovascular disease analysis. A history of miscarriage
was associated with a greater odds of developing
coronary heart disease, OR (95% Cl) =1.45 (1.18 to
1.78), but not with cerebrovascular disease, OR=1.11
(0.72 to 1.69). There was a strong association between
recurrent miscarriage and coronary heart disease
OR=1.99 (1.13 to 3.50). Evidence was found for
moderate between-study heterogeneity and publication
bias in the coronary heart disease analysis.
Conclusions The meta-analysis indicates that a history
of miscarriage or recurrent miscarriage is associated with
a greater risk of subsequent coronary heart disease.

INTRODUCTION

Coronary heart disease (CHD) is the leading cause
of death in women in every major developed
country and most emerging economies.” Effective
interventions exist to reduce the risk of CHD in
women and men who are at high risk. Hence,
better approaches for identifying individuals at
increased risk of CHD could lead to the more
effective targeting of preventative treatments.

A large body of work mostly published in the
last 10 years has shown that women who experi-
ence complications of late pregnancy are at risk of
CHD in later life. The resulting concept that the
unique cardiovascular stress that occurs during

pregnancy can improve risk prediction was recently
acknowledged in the 2011 American Heart
Association guidelines, which incorporated obstet-
ric complications in the classification of cardiovas-
cular disease (CVD) risk in women.? The
cardiovascular impact of a range of obstetric com-
plications was discussed, including pre-eclampsia,®~
5> preterm birth* © 7 and gestational diabetes.® *
However, the long-term cardiovascular implications
of miscarriages were not considered.

Miscarriages are the most common complication
of pregnancy, with 12%-24% of all clinically recog-
nised pregnancies ending in miscarriage;'® '' and
approximately a third of all pregnancies, including
those not brought to clinical attention, lost through
miscarriage.'' '* Although there is no standard
international definition for the gestational boundar-
ies of a miscarriage, the majority of miscarriages
occur during the first 12 weeks of gestation. '

There are a range of joint risk factors for CVD
and miscarriage, including obesity,'* smoking and
alcohol intake.'? Subsequent to controlling for
these confounders, evidence has arisen for an asso-
ciation between a miscarriage and CVD, with a
dose-response  relationship found in  some
studies.”> The aim of the present study was to
determine the association between miscarriage and
future CVD in women through a meta-analysis of
two distinct outcomes: CHD, using 517 504 indivi-
duals with 1685 cases, and cerebrovascular disease,
using 134 461 individuals with 663 cases.

METHODS

Study selection

The databases of the US National Institutes of Health
(PubMed), Scopus and Web of Knowledge were sys-
tematically searched for relevant articles between
November and December 2011. No restrictions were
applied to the publication period of the articles. Both
medical search headings and open text fields were
used to identify articles. The search terms for the
exposure were: ‘Spontaneous Abortion’, ‘Habitual
Abortion’,  ‘Recurrent  Abortion’,  ‘Recurrent
Miscarriage’, ‘Habitual Miscarriage’, ‘Miscarriage’,
‘Foetal Death’, ‘Fetal Death’ and ‘Pregnancy Loss’
and search terms for the outcome were:
‘Cardiovascular Disease’, ‘Coronary Artery Disease’,
‘Myocardial Infarction’, ‘Heart Attack’, ‘Coronary
Heart Disease’, ‘Ischemic Heart Disease’, ‘Ischaemic
Heart Disease’, ‘Stroke’, “Transient Ischemic Attack’,
“Transient Ischaemic Attack’, “Vascular Accident’ and
‘Apoplexy’. The search in PubMed was restricted to
articles relating to humans. Once relevant articles
were identified their references lists were searched
for additional articles.
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To be included in the meta-analysis, articles had to assess the
association between miscarriage and subsequent CVD in other-
wise healthy women. Papers only evaluating therapeutic abor-
tions, stillbirths, neonatal deaths or ectopic pregnancies were
excluded in order to minimise heterogeneity in the exposure.
Two different exposures were evaluated: a history of miscar-
riage, where one or more miscarriages was considered exposed;
and recurrent miscarriage, where exposure was defined as either
two or more, or three or more miscarriages, depending on the
data provided in the study. Both exposures were compared with
no miscarriages.

Where studies did not provide the necessary association mea-
sures, the raw data provided within the papers were used to cal-
culate an unadjusted estimate.

All cardiovascular outcomes were of interest, including CHD,
angina, non-fatal and fatal myocardial infarction, ischaemic and
haemorrhagic stroke, and transient ischaemic attacks (TIA).
Outcomes were segregated into two groups: CHD, which com-
prised any diagnoses of CHD, as well as individuals who had
undergone Coronary Artery Bypass Graft; and cerebrovascular
disease, where outcomes of interest were ischaemic and haemor-
rhagic stroke and TIA.

Finally, only cohort or case-control studies were included, as
an association measure was required. The decision to include
studies was hierarchical; initially study titles, then abstracts and
finally the fully body of the text were assessed.

As some articles assessed the same association using data from
the same individuals, the article containing the greater number
of participants or, where the same number of participants was
used, the article with more detailed analytic information was
selected.

Data extraction

The literature search and data extraction were conducted by
two investigators (CTO-W and EEH). A predesigned data
abstraction form was used by both reviewers to collect informa-
tion from articles. The data collected included lead author, year
of publication, study design, population studied, exposure and
outcome evaluated, number of cases, number of non-cases, the

association measure, point estimate and 95% CI, and any adjust-
ment/stratification/matching variables. Any differences between
reviewers were discussed and resolved by a third individual
(AMW).

Bias within each individual study was evaluated using the vali-
dated Newcastle-Ottawa Scale, a semiquantitative scale designed
to evaluate the quality of non-randomised studies.'® It allocates
a maximum of nine stars to a study. Study quality was judged on
the selection criteria of participants, comparability of cases and
controls, and exposure or outcome assessment.

Statistical analysis
In studies where no appropriate association measure was pro-
vided, if possible, the raw aggregated data (ignoring matching
designs, where necessary) were used to estimate unadjusted asso-
ciations. The inverse variance weighted method was used to
combine ORs, rate ratios and HRs to produce a pooled OR,
under the rare outcome assumption. Random effects models
were used for all analyses to allow for between-study heterogen-
eity. Heterogeneity was assessed using the Cochrane x* statistic
and the I? statistic. Sensitivity analyses were conducted to evalu-
ate the effect of different levels of adjustment and the potential
impact of bias in individual studies. Publication bias was evalu-
ated through a funnel plot and Egger’s test. All tests were two-
tailed and p values of 0.05 or less were considered significant.
STATA release 10 (V.10.0, STATA, College Station, Texas, USA)
was used for all statistical analyses.

RESULTS

Descriptive analysis
Figure 1 shows the flow diagram of the search results. All
studies were based in either Europe or North America. Five

cohort studies and five case-control studies were found, two of

which used hospital-based controls. Ten studies evaluated the
association between miscarriage and CHD; this included
517 504 women, 1685 of whom were cases (table 1). Three of
these studies also analysed stroke outcomes; a fourth study with
combined stroke and TIA outcomes was also identified, resulting
in 374 598 women, with 2542 stroke and TIA cases (table 2).

Figure 1  Flow diagram of study
exclusion and inclusion.
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Table 1 Studies that evaluated the association between miscarriage and CHD
Author and publication date Duration of Number Number of Result (OR/HR and  Covariates adjusted/matched on/
(country) Study design follow-up Outcome Exposure of cases non-cases 95% Cl) stratified by
History of miscarriage
Bengtsson et al (1973)"7 (Sweden)* Community-based - Acute Ml History of 44 578 2.46 (1.31 to 4.63) None
case-control miscarriage
Bertuccio et al (2007)'® (Italy)t Hospital-based - First episode non-fatal History of 609 1106 1.18 (0.94 to 1.48) None
case-control AMI miscarriage
Cooper et al (1 999)'? (USA) Prospective cohort 52 years MI, angioplasty, heart History of 45 822 1.36 (0.71 to 2.61) Age
bypass, CHD mortality miscarriage
(ICD-9 codes 410-414)
Kharazmi et al (2010)?° (Finland) Community-based - MI and angina History of 112 3704 1.2 (0.6 to 2.4) Age, education, BMI, WHR, number of
case-control miscarriage previous pregnancies, smoking, blood
pressure, fasting blood glucose, total and
LDL cholesterol and physical activity
Kharazmi et al (2011)%' (Germany) Prospective cohort 12 years MI (ICD-10 codes I11.0- History of 79 11439 1.18 (0.69 to 2.04) Age, education, BMI, WHR, number of
study 1.4 and 1*1.9) miscarriage previous pregnancies, smoking, alcohol,
physical activity, history of hypertension,
diabetes mellitus and hyperlipidaemia
Smith et al (2003)" (Scotland) Retrospective cohort 18 years CHD History of 313 128977 1.52 (1.13 to 2.06) Age at first birth, SEC, lowest fifth of
miscarriage (prior birthweight distribution, preterm delivery,
first live birth) preeclampsia, essential hypertension in
first pregnancy and height
Winkelstein et af (1958)?2 (USA)+ Community-based - MI and positive ECG History of 50 50 3.17 (1.35 to 7.44) None
matched case-control findings miscarriage
Winkelstein and Rekate (1964)% Hospital-based - CHD (ICD-7 codes: 420.0- History of 59 64 1.61 (0.79 to 3.31) None
(USA) case-control 420.2 miscarriage
Recurrent miscarriage
Bengtsson et al (1973)"7 (Sweden)*  Community-based = Acute MI Recurrent 27 462 1.45 (0.18 to 11.55)  None
case-control miscarriage (3+)
Bertuccio et al (2007)'® (Italy)t Hospital-based - First episode non-fatal Recurrent 499 936 0.92 (0.62 to 1.38) Age, study, education, BMI, smoking,
case-control AMI miscarriage (2+) coffee and alcohol drinking, cholesterol
levels, diabetes, obesity, hyperlipidaemia,
hypertension, parity, menopausal status/
age at menopause, HRT and family
history of AMI in first degree relatives
Gallagher et al (201 1)?* (China) Prospective cohort 11 years CHD (ICD-9 codes 410— Recurrent 374 240 800§ 1.27 (0.84 t0 1.92) Age
414) miscarriage (2+)
Kharazmi et al (2011)%' (Germany) Prospective cohort 12 years MI (ICD-10 codes I%1.0, Recurrent 57 8218 5.06 (1.26 t0 20.29)  Age, education, BMI, WHR, number of
study 11.4, 11.9) miscarriage (3+) previous pregnancies, smoking, alcohol,
physical activity, history of hypertension,
diabetes mellitus and hyperlipidaemia
Smith et al (2003)"® (Scotland) Retrospective cohort 18 years CHD Recurrent 265 117 654 2.35 (0.87 to 6.36) Age at first birth, SEC, lowest fifth of

miscarriage (3+
prior first live birth)

birthweight distribution, preterm delivery,
preeclampsia, essential hypertension in
first pregnancy and height

Continued
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Table 1 Continued

Author and publication date Duration of Number Number of Result (OR/HR and  Covariates adjusted/matched on/
(country) Study design follow-up Outcome Exposure of cases non-cases 95% ClI) stratified by
Winkelstein et al (1958)% (USA)+ Community-based - MI and positive ECG Recurrent 35 42 3.80 (1.07 to 13.46)  None
matched case-control findings miscarriage (3+)
Winkelstein and Rekate (1964)% Hospital-based - CHD (ICD-7 codes: 420.0,  Recurrent 43 M 17.33 (2.15 to None
(USA) case-control 420.1, 420.2) miscarriage (3+) 139.88)

*Both spontaneous and therapeutic abortions combined.

tData combined from three studies.

$Ignored matching when calculating OR.

§Estimated from person-years, as data not provided.

AMI, acute myocardial infarction; BMI, body mass index; CHD, coronary heart disease; HRT, hormone replacement therapy; ICD, International Classification of Diseases; LDL, low density lipoprotein; MI, myocardial infarction; SEC, socioeconomic class;
WHR, waist to hip ratio.

Table 2 Studies that evaluated the association between miscarriage and cerebrovascular disease

Result (OR/
Duration of Number of  Number of HR and 95%

Author (country)  Study design follow-up Outcome Exposure cases non-cases ql) Covariates adjusted/matched on/stratified by
Gallagher et al Prospective cohort 11 years Haemorrhagic stroke Recurrent miscarriage 1372 240 800* 1.01 (0.80to  Age
(2011)** (China) (ICD-9 code 434) @2+) 1.29)

Ischaemic stroke (ICD-9 Recurrent miscarriage 507 240 800* 1.36 (0.68 to

code 431) (2+) 2.75)
Kharazmi et al Community-based - All Stroke History of miscarriage 214 3543 1.1 (0.6 to Age, education, BMI, WHR, number of previous pregnancies,
(2010)%° (Finland)  case-control 1.7) smoking, blood pressure, fasting blood glucose, total and LDL

cholesterol, and physical activity
Kharazmi et al Prospective cohort 12 years All Stroke (ICD-10 codes: History of miscarriage 107 10 929 0.72 (0.42 to  Age, education, BMI, WHR, number of previous pregnancies,
(2011)* study 160.0— 164) 1.25) smoking, alcohol, physical activity, history of hypertension,
(Germany) Recurrent miscarriage 87 8169 131 (0.16 to  diabetes mellitus and hyperlipidaemia
(3+) 10.65)

Pell et al (2004)>  Retrospective cohort 7 years All Stroke and TIA (ICD-10  History of miscarriage 342 119 326 1.49 (1.09to  Age, deprivation category, preeclampsia, lowest birthweight
(Scotland) codes: 160-169 and G45) prior to first live birth 2.03) quintile, preterm delivery and height

*Estimated from person-years, as data not provided.
BMI, body mass index; ICD, International Classification of Diseases; LDL, low density lipoprotein; TIA, transient ischaemic attack; WHR, waist to hip ratio.
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Nine studies reported associations with a history of miscar-
riage of which five made minimal or no adjustment for confoun-
ders. Seven studies reported an association between recurrent
miscarriage and CHD, four of which made minimal or no
adjustment for confounders. One study used a combined expos-
ure, including both spontaneous and therapeutic abortions.'”

As association measures were not provided in the papers by
Winkelstein and colleagues,?® 7 they were calculated from the
raw data available in the paper; however, the matched nature of
the data was ignored as a result.

The quality of included studies, as assessed using the
Newcastle-Ottawa quality assessment scales, scored moderately
high in exposure and outcome assessment and selection of parti-
cipants; however, a number of studies did not adjust for more
than one confounder or the raw data were used, precluding any
adjustment, and consequently the case-control studies did not
score well on the comparability section (table 3).

Meta-analysis

Figures 2 and 3 show the forest plot of the association between
miscarriage and CHD. When all studies of CHD and miscarriage
were combined, a history of miscarriage was associated with a
45% higher risk of CHD, OR=1.45 (CI 1.18 to 1.78); there was
little evidence of between-study heterogeneity (x> p=0.203,
[2=28.29% (0%, 68%)). There was a strong association between
recurrent miscarriage and CHD: OR=1.99 (1.13 to 3.50),
although between-study heterogeneity was evident (x*: p=0.011,
12=63.8% (18%, 8490)).

No association was found between miscarriage and cerebro-
vascular outcomes (figure 4), OR=1.11 (0.72 to 1.69). The I*
statistic indicated between-study heterogeneity (1>=62.5% (0%,
8990)), but the x> test was not significant (x*: p=0.070),
although the accuracy of this test will have been impaired by the
small number of studies. It was not possible to analyse the asso-
ciation between recurrent miscarriage and cerebrovascular
disease, as only two studies assessed this association.

Publication bias

Investigative results for publication bias in the history of miscar-
riage meta-analysis were inconclusive. Visual examination of the
Begg’s funnel plots (figure SA) suggested some small studies
with negative effect sizes may be missing, although this was not
strongly supported by Egger’s test (p=0.213). Greater evidence
for publication bias was found in the recurrent miscarriage

analysis; Egger’s test was significant (p=0.028) and Begg’s
funnel plot (figure 5B) was asymmetrical, suggesting smaller
studies with negative associations were missing,

Due to the limited number of studies, it was not possible to
evaluate publication bias in the cerebrovascular disease
meta-analysis.

Sensitivity analysis

Additional analyses assessed robustness to confounder adjustment.
After exclusion of six studies with little or no adjustment for con-
founders, which also coincided with a Newcastle-Ottawa Scale of
less than 6, there was minimal change in the point estimate of the
associations between CHD and a history of miscarriage, OR=1.40
(1.10 to 1.79), or recurrent miscarriage, OR=1.89 (0.69 to 5.13).
There was no evidence of heterogeneity for a history of miscarriage
O*: p=0.650, I*’=0.0% (0%, 909%)), although greater heterogen-
eity was found between the three studies that remained in the recur-
rent miscarriage analysis (XZ: p=0.023, 2=73.5% (11%, 92%)).

DISCUSSION
This is, to our knowledge, the first meta-analysis investigating
the association between miscarriage and future CVD in women.
We found that women with a history of miscarriage or recurrent
miscarriage are at a higher risk of CHD than women who have
not experienced miscarriage(s). On average, women with a
history of miscarriage are at a 45% higher risk of CHD, and
recurrent miscarriage was associated with a twofold risk of
CHD. No association was found between a history of miscar-
riage and future cerebrovascular events, but due to the small
number of studies, it was not possible to analyse the association
between recurrent miscarriage and cerebrovascular events.
Several aetiological arguments have been proposed to support
a common mechanistic pathway for CVD and miscarriage.
Recent evidence suggests that the determinants of the associ-
ation may aggregate in families, as women with a history of
recurrent miscarriage were more likely to have parents who
experience CHD.?® This would be supportive of a genetic or
epigenetic cause, although behavioural and environmental risk
factors will also aggregate in families.

Immune disorders

The association between miscarriage and antiphospholipid syn-
drome is well established. Antiphospholipid antibodies are direc-
ted against phospholipids found in cell membranes, which

Table 3 Assessment of study quality through the Newcastle-Ottawa Scale

Case-control study Selection Comparability of cases and controls Exposure assessment
Bengtsson et al (1973) FHEx - *
Bertuccio et al (2007) *xx — (history of miscarriage) *
** (recurrent)
Kharazmi et al (2010) et *x **
Winkelstein et al (1958) rxE - **
Winkelstein et al (1964) ** - **
Cohort study Selection Comparability of cases and controls Outcome assessment

Cooper et al (1999) *
Gallagher et al (2011) **
Kharazmi et al (2011)
Pell et al (2004)
Smith et al (2003)

* Kk

* %

* %

*

*

* %

* %

* %

* %

* %

* %

* %

* %

The Newcastle-Ottawa Scale assesses study quality in three different areas, selection criteria, comparability of cases and controls, and exposure or outcome assessment. A maximum
score of nine stars is allocated to each study: four for selection, two for comparability and three for exposure or outcome.

1640

Oliver-Williams CT, et al. Heart 2013;99:1636—1644. doi:10.1136/heartjnl-2012-303237



Systematic review

Study

Figure 2  Forest plot showing the
ORs and 95% Cls for studies
investigating the association between
a history of miscarriage and coronary
heart disease. The I? statistic and the
Cochrane y? statistic both suggested
little between-study heterogeneity,
12=28.2% (0%, 68%), ¥ p=0.203.

Cases (n) OR (95% Cl)

Bengtsson et al. 1973 44 L 2.46(1.31,4.62)
Cooper et al. 1999 45 = 1.36(0.71, 2.61)
Winkelstein et al. 1958 50 = > a17(135,7.00)
Winkelstein et al. 1964 59 - 161(0.79,3.30)
Kharazmi et al. 2011 79 = 1.18(069, 2.03)
Kharazmi et al. 2010 112 - 1.20 (060, 2.40)
Smith et al. 2003 313 —a— 1.52(1.13, 2.05)
Bertuccio et al. 2007 609 +—— 1.18(094, 1.48)
Overall (I-squared = 28.2%, p = 0.203) O 1.45(1.18,1.78)

T T T T

5 1 2 4 6

results in the formation of blood clots. Consequently, women
with antiphospholipid syndrome have a greater risk of CHD,
intracardiac thrombi, pulmonary embolism, pulmonary hyper-
tension and cardiomyopathy,® most likely resulting from injury
to the cell membranes of endothelial cells.’® Women with anti-
phospholipid syndrome also have a greater risk of miscarriages,
recurrent miscarriage being an indication for testing for antipho-
spholipids in some cases.>! The greater occurrence of miscar-
riages may be the result of activation of complement by
antiphospholipid antibodies that bind to placental trophoblast
cells.>® Other immune disorders including Lupus, which often
co-occurs with antiphospholipid syndrome,*? have also been
implicated in both CVD*? and miscarriage risk.**

Chronic maternal disease

A number of chronic maternal diseases may mediate the associ-
ation, including the metabolic syndrome. The metabolic syn-
drome is a spectrum of metabolic abnormalities associated with
insulin resistance, which is manifest as relative hyperglycaemia,
hyperlipidaemia and disturbance of coagulation. It is a key
factor underlying CVD, and in particular CHD. Several compo-
nents of this are associated with an increased risk of miscarriage,
including coagulation dysfunction,** ** hyperglycaemia®® and

Figure 3  Forest plot showing the
ORs and 95% Cls for studies
investigating the association between
recurrent miscarriage and coronary
heart disease. Both the I? statistic and
the Cochrane  statistic indicated
between-study heterogeneity,
1°=63.8% (18%, 84%), x*: p=0.011.

Odds Ratio

insulin resistance.>” 3® Likewise, uncontrolled diabetes increases
the risk of miscarriage®® and CVD, with CVD being the leading
cause of death for women with type 2 diabetes.*

Other chronic medical conditions implicated in the associ-
ation include severe kidney disease, a risk factor for CVD*! and,
as diseased kidneys are less capable of making the adaptations
necessary for a healthy pregnancy, also a risk factors for miscar-
riage.*” Endocrinological diseases, such as thyroid disorders*® **
and polycystic ovarian syndrome,** *° may also be involved and,
finally, heart conditions themselves, which lead to a greater risk
of miscarrying as the heart cannot cope with the additional
volume load.*®

Endothelial dysfunction

Changes in the endothelium, including endothelial dysfunction,
are essential for the initiation and progression of atheroscler-
osis.*” Maternal endothelial dysfunction prior to pregnancy has
been suggested to impair the invasion of trophoblasts into the
uterine wall, which is necessary for a successful pregnancy.
Women with a history of recurrent miscarriages have been
found to have higher rates of endothelial dysfunction relative to
women who experienced uncomplicated pregnancies,*® and

Study Cases (n) OR (95% CI)
Bengtsson et al. 1973 27 ( 1.45 (0.18, 11.61)
Winkelstein et al. 1958 35 . 3 3.80 (1.07, 13.48)
Winkelstein et al. 1964 43 ) 17.33 (2.15, 139.78)
Kharazmi et al. 2011 57 ' 5.06 (1.26, 20.30)
Smith et al. 2003 265 —_ 2.35 (0.87, 6.35)
Gallagher et al. 2011 374 —— 127 (0.84,1.92)
Bertuccio et al. 2007 499 —— 0.92 (0.62, 1.37)
Overall (I-squared = 63.8%, p=0.011) <> 1.99 (1.13, 350)

T T T T T T T

25 5 1 2 4 8 16 32

Odds Ratio
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Figure 4 Forest plot showing the
ORs and 95% Cls for studies
investigating the association between
a history of miscarriage and
cerebrovascular disease. The I? statistic
indicated between-study heterogeneity
(17=62.5% (0%, 89%)), but the * test
was not significant (x%: p=0.070).

Cases (n)

OR (95% Cl)

Kharazmi et al. 2011 107 < 0.72 (0.42, 1.24)
Kharazmi et al. 2010 214 1.10 (0.65, 1.85)
Pell et al. 2003 342 —_—— 1.49 (1.09, 2.03)
Overall (I-squared = 62.5%, p = 0.070) <:> 1.11(0.72, 1.69)
T T T
5 1 2 4

women who have endothelial dysfunction corrected prior to, or
early in, pregnancy have improved outcomes.*’

There are some limitations to our study. First, we cannot elim-
inate publication bias, despite a non-significant Egger’s test
result in the history of miscarriage analysis. Second, moderate
between-study heterogeneity was observed which may have
arisen from several factors including: (i) different inclusion cri-
teria for premenopausal women, who are still susceptible to mis-
carriage; (ii) differing selection of hospital or community-based
controls in case-control studies; (iii) different exposure defini-
tions: Bengtsson et al'” combined therapeutic abortions and
miscarriages as an exposure (exclusion of this study had little
impact on the analyses, results not shown), but other studies did
not validate self-reported exposure; (iv) differing case ascertain-
ment including use of medical records, death records, self-
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Figure 5 (A) Funnel plot of the association between a history of

miscarriage and coronary heart disease (CHD). (B) Funnel plot of the
association between recurrent miscarriage and CHD.
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reports and proxy-reports; (v) differing case definitions for both
CHD and cerebrovascular disease; and (vi) varied level of
adjustment, although exclusion of unadjusted measures had
little impact on the association measures.

Finally, residual confounding may have impacted the results,
as indicated by the Newcastle-Ottawa Scale, where mainly case-
control studies failed to score well on comparability. Even well-
adjusted studies did not adjust for all known confounders, such
as smoking'® #° or maternal age.'® ** *° Smoking history was
adjusted for in three studies.’® 3% 3% The results from these
studies were inconsistent, making it unclear how residual con-
founding may have affected the pooled estimate. One study
found a positive association with recurrent miscarriage and
CHD;*? another did not.®> The two studies that evaluated a
history of miscarriage and CHD while adjusting for smoking
found positive, but non-significant results.** 34

Previous pregnancy complications have also been suggested as
potential confounders, recurrent miscarriage being associated
with pregnancy complications that are known to increase the
risk of CHD.?® *' However, there is evidence that adjustment
for pregnancy complications has little impact on the associ-
ation.’ In contrast, several of the studies that did not adjust for
chronic maternal diseases found a significant association
between a history of miscarriage and CVD," 2° while the
studies which did adjust for them, found a null association, !
suggesting some residual confounding.

Given the need for better methods of assessing the risk of
CHD in women, as up to 20% of CHD events in women occur
in the absence of conventional risk factors,*” the utility of repro-
ductive history as a marker of risk is very attractive. There is
now an extensive body of work which demonstrates a clinically
useful predictive association between complications of late preg-
nancy and the risk of subsequent CHD. In particular, pre-
eclampsia is recognised as an independent risk factor, with a
meta-analysis of the association between pre-eclampsia and later
CHD showing a 2.16 risk.” The association we observed
between recurrent miscarriage and later CHD was an OR of
1.99. Hence, recurrent miscarriage may be a highly informative
marker for CHD.

Given this, it is essential that further studies address whether
this association is truly independent of potential confounders,
especially chronic medical conditions, which may already be
used in the American Heart Association recommendations for
women. The true association, independent of chronic medical
conditions, may be reflected by an increased risk with recurrent
miscarriage alone. This issue could be clarified by calculation of
a dose-response relationship; however, only two studies!® 8
included in this paper reported one.

1642

Oliver-Williams CT, et al. Heart 2013;99:1636—1644. doi:10.1136/heartjnl-2012-303237



Systematic review

Additionally, the association needs to be evaluated in other
ethnicities. Most studies have come from European and North
American populations, with predominately Caucasian partici-
pants. Given that CVD rates differ by ethnicity, it is possible
that the strength or existence of the association also varies by
ethnicity.

These limitations notwithstanding, this meta-analysis indicates
that women who experience recurrent miscarriages are at more
than twice the risk of CHD relative to women who have not
had any miscarriages. Furthermore, women with any history of
miscarriage may also have an increased risk of CHD.
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