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ABSTRACT

PURPOSE Metabolic, hormonal, and hemostatic changes associated with preg-
nancy loss (stillbirth and miscarriage) may contribute to the development of
cardiovascular disease (CVD) in adulthood. This study evaluated prospectively
the association between a history of pregnancy loss and CVD in a cohort of post-
menopausal women.

METHODS Postmenopausal women (77,701) were evaluated from 1993-1998.
Information on baseline reproductive history, sociodemographic, and CVD risk
factors were collected. The associations between 1 or 2 or more miscarriages and
1 or more stillbirths with occurrence of CVD were evaluated using multiple logis-
tic regression.

RESULTS Among 77,701 women in the study sample, 23,538 (30.3%) reported

a history of miscarriage; 1,670 (2.2%) reported a history of stillbirth; and 1,673
(2.2%) reported a history of both miscarriage and stillbirth. Multivariable-adjusted
odds ratio (OR) for coronary heart disease (CHD) for 1 or more stillbirths was 1.27
(95% Cl, 1.07-1.51) compared with no stillbirth; for women with a history of 1 mis-
carriage, the OR = 1.19 (95% Cl, 1.08-1.32); and for 2 or more miscarriages the
OR = 1.18 (95% Cl, 1.04-1.34) compared with no miscarriage. For ischemic stroke,
the multivariable odds ratio for stillbirths and miscarriages was not significant.

CONCLUSIONS Pregnancy loss was associated with CHD but not ischemic stroke.
Women with a history of 1 or more stillbirths or 1 or more miscarriages appear
to be at increased risk of future CVD and should be considered candidates for
closer surveillance and/or early intervention; research is needed into better
understanding the pathophysiologic mechanisms behind the increased risk of
CVD associated with pregnancy loss.

Ann Fam Med 2014;302-309. doi: 10.1370/afm.1668.

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality for women in
the United States, with 24% of female deaths attributed to CVD in 2009."?
Although traditional risk factors for CVD, are associated with increased
CVD risk in both men and women, unique risk factors for women related
to reproductive history have only recently been considered as potentially
important.2 Growing evidence suggests that the metabolic, hormonal, and
hemostatic pathway alterations that are associated with pregnancy loss may
contribute to the development of coronary heart disease in adulthood. .3
Women with adverse pregnancy outcomes, such as preeclampsia, preterm
delivery, low birth weight, intrauterine growth restriction, and pregnancy
loss (including miscarriage and stillbirth), may be at risk of metabolic and
vascular diseases later in life.®” Additionally, genotypes and phenotypes
underlying vascular disease may also underlie fetal programming.’

At present, the mechanisms underlying the association of miscarriage
and stillbirth with CVD are unclear, although there appears to be a rela-
tionship between the metabolic syndrome, abnormal implantation, and
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endothelial dysfunction.®® Specifically, it has been sug-
gested that the endothelial dysfunction resulting from
systemic inflammatory processes may be involved.'®
The resulting vascular pathology may thus contribute
to both poor placentation during pregnancy (result-
ing in pregnancy loss) and an increased likelihood of
CVD."* Recently the 2011 American Heart Association
guidelines have incorporated pregnancy complica-
tions as a risk factor for CVD in women based on the
growing evidence suggesting an association.? These
guidelines, however, did not address the long-term car-
diovascular implications of miscarriage.

A limited number of studies have evaluated preg-
nancy loss and risk of development of future CVD, but
the findings have been inconsistent, with some find-

112 and others suggesting an

ing no clear association
increased risk between pregnancy loss and CVD 3101314
The Women's Health Initiative (WHI) population pro-
vides a unique opportunity to be able to examine the
association of miscarriage and stillbirth in a diverse,
geographically dispersed cohort of women with adjudi-
cated cardiovascular events, including fatal and nonfa-

tal myocardial infarctions and stroke outcomes.

METHODS

The Study Population

The study population has been described in detail previ-
ously.” Briefly, WHI has both clinical trial and observa-
tional study arms.'>'* The observational study compo-
nent was a prospective cohort study that enrolled 93,676
women aged 50 to 79 years from 1993 to 1998 at 40
clinical centers throughout the United States. Women
were eligible if they were postmenopausal, unlikely

to relocate or die within 3 years, were not enrolled in
the WHI Clinical Trial, and were not participating in
any other clinical trial. Women from the observational
study were observed through August 2009 depending
on when they enrolled in the study. Participants were
excluded from the analyses for the following reasons:
having had CVD at baseline, having never been preg-
nant, and having missing reproductive data.

Data Collection

Women completed screening and enrollment ques-
tionnaires by interview and self-report. Baseline per-
sonal information, medical history, medication use,
and health-related behaviors were assessed. Women
underwent a physical examination and provided blood
specimens and anthropometric and blood pressure
measurements. Participants were asked whether a
physician had ever told them that they had high blood
pressure, diabetes, high blood glucose (nonpregnant),
or high cholesterol that required taking medication.

Baseline characteristics have been described in detail
previously.”"'® Variables examined included smoking,
alcohol consumption, family history of early coronary
heart disease (CHD), depression, recreational physical
activity, and metabolic equivalent task scores (com-
puted as the product of days per week, minutes per
day, and the metabolic equivalent task (MET) value for
each activity in MET-hours per week)."” Women were
considered to have CVD if they self-reported a history
of myocardial infarction, stroke, angina, congestive
heart failure, coronary revascularization, or peripheral
arterial disease. Early hypertension was defined as self-
reported hypertension that occurred in women aged
less than 40 years, because information on gestational
hypertension was not obtained. Hypertension was
defined as hypertension that developed in women after
the age of 39 years and was based on self-report and
medication use. White blood cell count was dichoto-
mized as £6,700/pL. and >6,700/puL.?° Regarding the
women's reproductive history, women were first asked
about gravidity, which was defined as the number

of times the woman was pregnant. The women were
asked about the number of “live births, miscarriages,
tubal (ectopic) and abortions.” Parity was based on the
question, "Have you had a pregnancy lasting 6 months
or more?” Pregnancy loss was based on the reported
number of spontaneous miscarriages and still births.
Nulligravida women reported no pregnancies.

Follow-up

Follow-up activities consisted of mailings sent annually
from the Clinical Coordinating Center and a clini-

cal center visit at 3 years after enrollment to update
selected baseline data, obtain additional risk factor
data, and collect a blood specimen. Up to 2 additional
mailings and telephone contacts as necessary with
participants or proxies were conducted by the clinical
center staff for nonresponders. The annual follow-up
response rate was greater than 94% each year for those
who were due for a follow-up contact. A participant
was considered lost to follow-up if there was no out-
comes information from the participant for 24 months.

Outcome Ascertainment

All outcomes were physician adjudicated; they were
initially identified through annual follow-up contacts
and subsequently verified through medical records

and death certificates.?! Newly diagnosed cardiovas-
cular events were identified on the basis of annual
mailed follow-up questionnaires and medical records
review. Study physicians with no knowledge of the self-
reported risk-factor status reviewed the records. The
diagnosis of myocardial infarction was confirmed if data
in the hospital record met standardized criteria of chest
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pain or equivalent, diagnostic electrocardiographic
changes, and/or elevated cardiac enzyme levels. Angina
was confirmed by hospitalization and confirmatory evi-
dence on angiography, diagnostic stress test, or diag-
nosis by a physician and medical treatment. Fatal CHD
was considered confirmed if there was documentation
in the hospital or autopsy records or if CHD was listed
as the cause of death on the death certificate and evi-
dence of previous CHD was available. Total CHD was
defined as myocardial infarction, definite CHD death,
revascularization, or hospitalized for angina. Treat-
ment with coronary revascularization or percutaneous
interventions was confirmed by documentation of the
procedure in the medical record. Ischemic stroke was
confirmed by medical record documentation of rapid
onset of a neurologic deficit consistent with stroke and
lasting at least 24 hours or until death.

Statistical Analysis

All analyses were conducted using SAS 9.2 (SAS Insti-
tute, Inc).2? Descriptive statistics were used to summarize
variables, as well as detect outliers and missing values.
Normality of the distribution was examined with a nor-
mal probability plot, when applicable. The association
of participants’ baseline characteristics and pregnancy
loss was evaluated using X* tests, 2-sample ¢ tests, or non-
parametric tests, when applicable. Multivariable logistic
regression models were used to calculate adjusted odds
ratios (ORs) to assess the independent associations of
pregnancy loss (stillbirth, miscarriage) with CHD and
stroke after controlling for sociodemographic variables,
traditional risk factors for CVD, and other potential
confounders. Confounders included age, race, education,
smoking status, gravidity, family history of myocardial
infarction, history and duration of hypertension, diabe-
tes, hyperlipidemia, body mass index, waist-to-hip ratio,
aspirin use, depression, and white blood cell count. We
also adjusted for other covariates (marital status, diuretic
use, angiotensin-converting enzyme inhibitor/angioten-
sin receptor blocker use, calcium channel blocker use,
alcohol use, and physical activity). Models were adjusted
for stillbirths and miscarriages in the analyses to be able
to evaluate the independent effects.

A full model was initially developed using all of the
available exploratory variables identified based on clini-
cal judgment, previous literature, and univariate analy-
ses. The final models were subsequently developed using
a backward selection algorithm and included each clini-
cal relevant predictor and covariates with a P value of
<.10. In addition, we examined whether the associations
between total CHD and stroke with pregnancy loss
were explained by or mediated through development
of diabetes, hypertension, increased waist-to-hip ratio,
or a marker of inflammation (white blood cell count).

Separate models with and without adjustment for these
covariates were developed and compared.

RESULTS

Of the 93,676 postmenopausal women, 50 to 79 years
of age, who were enrolled between 1993 and 1998,
6,355 women had CVD, 8,804 women were never
pregnant, and 816 women had missing reproduc-
tive data. Some women had more than 1 exclusion
criterion, yielding a final sample of 77,701 (Figure 1).
Among the 77,701 women in the study sample, 23,538
(30.3%) reported a history of miscarriage; 1,670 (2.2%)
reported a history of stillbirth; and 1,673 (2.2%)
reported a history of both miscarriage and stillbirth.
The follow-up period ranged from 0.2 years to 10.6
years with a mean of 7.7 years. There were 1,966
(2.5%) clinical myocardial infarction events, 2,439
(3.1%) CHD events, and 1,503 (1.9%) ischemic stroke
events. Of the 2,439 patients with CHD, 925 had
revascularization (37.9%), and 139 had angina (5.7%).
The baseline characteristics of the women who had
a pregnancy loss (miscarriage or stillbirth) were com-
pared with women who did not have any pregnancy
loss in Table 1. Women with a history of stillbirth were
more likely to be older, more likely to have a higher
gravidity, and less likely to consume alcohol. Women
who had a history of both miscarriage and stillbirth

Figure 1. Women's Health Initiative (WHI)
participants included in the current study

93,676 Postmenopausal women
aged 50 to 79 years enrolled
between 1993 and 1998

| 6,355 Women excluded because of
preexisting cardiovascular disease

Y

87,321 Women without pre-
existing cardiovascular disease

«| 8,804 Women were
never pregnant

Y

78,517 Women ever pregnant

| 816 Women excluded because of
missing reproductive data

Y

77,701 Women in
final study population
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Table 1. Baseline Characteristics of Observational Study Women from the Women’s Health Initiative

Women With

Women With

Women With History

Women With No

History of History of of Miscarriage and History of Stillbirth
Miscarriage Stillbirth Stillbirth or Miscarriage

Characteristic (n =23,538) (n=1,670) (n=1,673) (n =50,820)
Sociodemographic, %?
Age, y

<60 30.5 27.3 28.2 33.9

60-70 45.8 46.2 46.1 43.8

70+ 23.8 26.5 25.7 22.4
Race/ethnicity

African American 9.0 14.8 15.4 7.2

Hispanic/Latino 3.9 7.9 9.2 3.6

White 82.6 71.3 70.8 84.4

Other 4.4 5.9 4.5 4.9
Smoking status

Current 7.0 7.3 8.0 5.8

Former 43.8 40.4 42.6 423

Never 49.2 52.3 49.5 51.9
Marital status, married 64.9 61.0 59.1 65.8
Educational level

<High school 211 27.6 26.8 21.7

>College 69.2 60.5 62.4 68.6

Other 9.7 11.9 10.9 9.7
Income

<$20,000 16.4 221 24,7 14.3

$20,000-$74,999 63.3 62.4 60.3 63.7

>$75,000 20.4 15.6 15.1 22.1
Physiologic, mean (SD)?
Body mass index, kg/m? 27.4 (5.9) 28.2 (6.0) 28.6 (6.6) 27.0 (5.7)
Waist-to-hip ratio 0.81 (0.08) 0.81 (0.08) 0.82 (0.09) 0.80 (0.08)
Systolic blood pressure, mm Hg 127.0 (17.9) 129.3 (18.6) 129.5 (17.9) 126.4 (17.8)
Diastolic blood pressure, mm Hg 74.9 (9.3) 75.6 (9.6) 75.9 (9.5) 74.9 (9.3)
White blood cell count, No./yL 6,200 6,000 6,200 6,100

(12,300) (2,800) (9,900) (12,100)

Behavioral®
Dietary total fat Intake, mean g (SD) 54.3 (34.3) 55.1 (42.8) 57.9 (44.3) 53.1 (32.7)
Physical activity, mean MET h/wk (SD) 13.8 (14.5) 12.6 (13.8) 12.9 (4.6) 14.1 (14.5)
Alcohol consumption, %

None 9.9 15.6 15.3 11.5

<T/wk 31.8 30.2 311 32.1

1-7/wk 26.6 22.5 21.8 26.2

>7/wk 12.6 8.9 9.8 12.8

Past drinker 19.2 229 21.9 17.4
Medical history, %?
Familial congestive heart disease 41.6 38.4 39.0 40.7
Early hypertension® 3.0 4.4 5.1 2.7
Hypertension® 24.3 28.9 28.9 22.7
Diabetes 3.0 4.9 5.9 2.5
Hyperlipidemia 7.3 8.8 8.8 7.6

continued

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; MET = metabolic equivalent task.

2Values may vary slightly because of missing data.
b Reported before age 40 years.
“Reported age >40 years.

dBurnam screening algorithm, a short version of the Center for Epidemiologic Studies Depression Scale (CES-D).
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Table 1. Baseline Characteristics of Observational Study Women from the Women's Health Initiative (continued)

Women With Women With Women With History Women With No
History of History of of Miscarriage and History of Stillbirth
Miscarriage Stillbirth Stillbirth or Miscarriage

Characteristic (n =23,538) (n=1,670) (n=1,673) (n =50,820)
Reproductive history
Gravidity, %

1 2.5 3.7 0.4 1.2

2-4 74.3 59.3 66.1 76.1

>5 23.2 37.1 33.5 12.7
Parity, %

1 8.9 1.5 11.3 1.2

2-4 68.7 67.6 63.1 75.1

>5 17.6 16.9 21.5 1.2
Drug use at baseline, %?
Aspirin 21.1 19.9 18.8 20.5
Antihypertensive medications 28.8 32.9 34.1 26.7
Lipid-lowering medications 7.8 9.3 9.4 8.0
Diabetic medication 3.2 5.1 6.0 2.6
Antidepressants 7.4 6.5 7.2 7.2
B-Blockers 6.9 7.5 7.5 6.7
Diuretics 13.8 14.6 16.4 12.3
ACE inhibitors/ARBs 10.3 13.7 12.7 9.9
Calcium channel blockers 8.4 10.5 10.9 7.7
Psychosocial history of depression,? % 10.6 9.8 11.9 9.4

2Values may vary slightly because of missing data.
b Reported before age 40 years.
<Reported age 240 years.

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; MET = metabolic equivalent task.

dBurnam screening algorithm, a short version of the Center for Epidemiologic Studies Depression Scale (CES-D).

were more likely to be a current smoker, have a higher
body mass index and waist-to-hip ratio, and have a
higher systolic blood pressure. These women were
also more likely to have a history of early hyperten-
sion, diabetes, and depression, as well as a history of
baseline antihypertensive, lipid-lowering, and diabetic
medication use. In addition, more African-American
(14.8%) and Hispanic (7.9%) women reported a history
of stillbirth or a history of both stillbirth and miscar-
riage (15.4% for African-American and 9.2% for His-
panic women) compared with all other women.

To test for interactions with adequate power, we
examined the association between pregnancy loss
and risk of total CHD, as shown in Table 2. The
multivariable-adjusted odds ratio (OR) was OR=1.19
(95% CI, 1.08-1.32) for 1 miscarriage and OR=1.18
(95% CI, 1.04-1.34) for 2 or more miscarriages com-
pared with none. For stillbirth, the multivariable-
adjusted OR=1.27 (95% CI, 1.07-1.51). For the
multivariable models, interactions between pregnancy
loss (separate models for miscarriage and stillbirth) and
diabetes, hypertension, lipid levels, and race were also
examined but were not significant and were therefore
not included in the final models.

Unadjusted, age-adjusted, and multivariable-adjusted
odds ratios of the association between pregnancy loss
and risk of ischemic stroke are displayed in Table 3.
For 1 miscarriage, the age-adjusted OR =1.09 (95% ClI,
0.97-1.24), and for 2 or more miscarriages OR = 1.14
(95% CI, 0.97-1.33) compared with none. For 1 miscar-
riage the multivariable-adjusted OR = 1.05 (95% CI,
0.91-1.19), and 2 or more miscarriages OR=0.93 (95%
ClI, 0.77-1.19) compared with none. For stillbirth, the
age-adjusted OR=1.29 (95% CI, 1.03-1.60) and the
multivariable-adjusted OR=1.13 (95% CI, 0.89-1.43).

DISCUSSION

This study suggests that women with a history of preg-
nancy loss (miscarriage or stillbirth) have an increased
risk of total CHD after adjusting for traditional cardio-
vascular risk factors and the number of pregnancies.
The association between pregnancy loss and CHD
appears to be independent of hypertension, body mass
index, waist-to-hip ratio, and white blood cell count.
Moreover, the risk appears greater among women with
a history of stillbirth than among women with a his-
tory of miscarriage. Among women with a history of
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miscarriage, risk of CHD death was similar for women
who had 1 or more miscarriages. In this study, we did
not find a significant association of ischemic stroke
with pregnancy loss.

Despite research interest in the relationships
between pregnancy-related factors (ie, birth weight,
preeclampsia, gestational diabetes, preterm birth) and
risk of CVD,>¢2324 limited studies have examined the
association of pregnancy loss and subsequent risk
of CVD 31142527 Several early studies reported an
association of miscarriage and/or stillbirth and risk of
future CVD."322¢ Although suggestive, these studies
were not conclusive, because they were either descrip-
tive, case-control, or cross-sectional studies, or they
did not adjust for potential confounders. In a nationally
representative cross-sectional sample of 3,937 Finnish
women aged 30 to 99 years, investigators examined

the association of miscarriage with risk of CHD."
They reported that after adjusting for number of previ-
ous pregnancies, age, education, smoking, body mass
index, waist-to-hip ratio, physical activity, systolic and
diastolic blood pressure, fasting blood glucose, and
total and low-density lipoprotein cholesterol, women
with a history of miscarriage had a higher, although
not significant, risk of myocardial infarction (OR=1.3;
95% CI, 0.6-2.4) than other women. They reported
that after stratifying by age-groups, women aged 50 to
74 years had a stronger association of miscarriage with
myocardial infarction (OR=1.5; 95% ClI, 1.1-4.2), find-
ings similar to ours in postmenopausal women.

In a recent prospective cohort study of 11,518
women, aged 35 to 66 years, who participated in the
European Prospective Investigation into Cancer and
Nutrition (EPIC), investigators examined the associa-
tion of pregnancy loss (miscarriage and

Loss and Risk of Total Coronary Heart Disease

Table 2. Unadjusted, Age-Adjusted, and Multivariable-
Adjusted Odds Ratios of the Association Between Pregnancy

stillbirth) with risk of myocardial infarc-
tion and stroke.> Among women with
recurrent miscarriages (more than 3), the

fully-adjusted HR for risk of myocardial

Multivariable . . . n

Pregnancy Events Unadjusted Age Adjusted Adjusted? infarction was ﬂgmﬁcant (5:06,- 95% (I,
Loss No.  OR (95% CI)  OR (95% CI)  OR (95% CI) 1.26-20.29). Similarly, the risk of myocar-
Miscarriage dial infarction was also significant (fully

0 1868  1.00 1.00 1.00 adjusted hazard ratio was 2.32; 95% CI,

1 746 1.26 (1.15-1.37)  1.23(1.13-1.35)  1.19 (1.08-1.32) 1.19-4.50) for women with a history of

>2 408 137 (1.23-153)  1.31(1.17-1.46)  1.18 (1.04-1.34) stillbirth, although the risks of myocardial
Stillbirth infarction were higher for women in the

0 2,809 1.00 1.00 1.00 EPIC study compared with our findings.

>1 179 143 (1.22143) 136 (1.16-1.59)  1.27 (1.07-1.51) Moreover, the higher risk of CHD for

use, alcohol use, depression, physical activity, and white blood cell count.

OR = odds ratio; ACE = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker.

2 Adjusted for: age, race, education, income, smoking status, marital status, gravidity, family his-
tory of myocardial infarction, hypertension, history of diabetes, history of lipid disorder, body mass
index, waist-to-hip ratio, aspirin use, diuretic use, ACE inhibitor/ARB use, calcium channel blocker

women with a history of miscarriage and

stillbirth in the EPIC study may be related
to our having eliminated women with pre-
existing CVD, which may have eliminated

those with premature coronary heart dis-

Loss and Risk of Ischemic Stroke

Table 3. Unadjusted, Age-Adjusted, and Multivariable-
Adjusted Odds Ratios of the Association Between Pregnancy

ease and therefore those in whom the asso-
ciation would be the greatest. Additionally,
both our findings and those of the EPIC

study did not find an association between

Multivariable history of pregnancy loss and ischemic
Pregnancy Events Unadjusted Age Adjusted Adjusted® stroke. Of interest was that the stillbirth
Loss No. OR (95% CI) OR (95% Cl)  OR (95% CI) <
rate for our cohort was similar (2.2%) to
Miscarriage the rate for the EPIC study (2%).3
0 964 1.00 1.00 1.00 More recently, 2 additional studies
1 347 1.12 (0.99-1.27) 1.09 (0.97-1.24) 1.05 (0.91-1.19) have re d .. f
ported an association of preg-
>2 188 1.21 (1.04-1.42)  1.14(0.97133)  0.93 (0.77-1.13) ,
Stillbirth nancy loss as a risk factor for future
0 1406 1.00 1.00 1.00 cardit)vascular disease. Oliver-Williams
>1 97 138 (1.10-1.71)  1.29 (1.03-1.60)  1.13 (0.89-1.43) et al'* performed a meta-analysis that

examined the association between mis-

use, alcohol use, depression, physical activity, and white blood cell count.

OR = odds ratio; ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker.

2 Adjusted for age, race, education, income, smoking status, marital status, gravidity, family history
of myocardial infarction, hypertension, history of diabetes, history of lipid disorder, body mass
index, waist-to-hip ratio, aspirin use, diuretic use, ACE inhibitor/ARB use, calcium channel blocker

carriage and future CVD in healthy
women. The meta-analysis included 10
studies (517,504 women in the CHD
meta-analysis and 134,461 women in the
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CVD meta-analysis). They reported that women with
a history of miscarriage had a greater odds of develop-
ing CHD (OR = 1.45, 95% Cl, 1.18-1.78) but not with
CVD (OR=1.11; 95% 0.72-1.69). In a large population-
based cohort study of more than 1 million women,'
women with a history of miscarriage and stillbirth
had increased rates of myocardial infarction, cerebral
infarction, and renovascular hypertension compared
with women with no history of miscarriage or stillbirth.
Similar to our findings, the risks of myocardial infarc-
tion were greater for stillbirths than for miscarriages.
Ranthe et al, however, also reported a significant asso-
ciation of pregnancy loss and stroke, which may be due
to the greater number of stroke events (4,053 vs 1,503
for WHI) and ascertainment of history of pregnancy
loss based on Medical Birth Register data rather than
self-reports used in most other studies.'*282°

There are several limitations that should be men-
tioned. Pregnancy loss was based on self-report, and
self-reports of miscarriage and stillbirth could be subject
to misclassification bias. Additionally, self-reports of mis-
carriage may be underestimated, because women may
be unaware of spontaneous early miscarriages. In one
study of 754 women that assessed self-reported repro-
ductive histories vs medical records, however, Olson et
al reported high reliability between the 2 data sources
in terms of number of live births (k = 1.0), number of
previous pregnancies (k =0.9), and number of miscar-
riages (k =0.7).3° Additionally, our rates of miscarriage
(30%) and stillbirth (2.2%) were similar to those of
Kharazmi and colleagues,®* who reported rates of 25%
for miscarriages and 2% for stillbirths. Another potential
concern was the lack of biomarker data. Although high-
sensitivity C-reactive protein findings were not available
at the time of our analyses, the white blood cell count,
another measure of systemic inflammation that has been
reported to independently predict CHD and all-cause
mortality in postmenopausal women, was assessed in
this study.?° The white blood cell count was dichoto-
mized to >6.7 X 10°/L. and <6.7 X 10°/L., which has been
found to identify high-risk individuals who were not
identified by traditional CHD risk factors.?” Addition-
ally, although depression in postmenopausal women
was more prevalent in those with a history of stillbirth
and miscarriage, prospective data would be required to
discern whether depression is part of a causal pathway:.
Information on weeks of gestation and age at pregnancy
loss was not available. We were therefore unable to
examine the association with early or late pregnancy loss
separately, nor were we able to examine the association
based on age of the women at time of pregnancy loss.
We chose to control for the number of pregnancies each
woman had experienced, but doing so may not fully elu-
cidate whether there is an association of pregnancy itself

with the risk for cardiovascular disease. Finally, given the
observational nature of the study, we cannot prove that
the observed associations are causal; residual confound-
ing could affect the observed associations.

The strengths of the present study include the
prospective study design and the large diverse cohort
of women, which provided adequate power to assess
risk of relatively rare events, stillbirths, the ability to
evaluate the "dose” response for multiple miscarriages,
and the large number of ischemic stroke cases (1,503).
Another notable strength was that we had a valid
assessment of CVD outcomes, as well as a wide range
of potential confounders available to evaluate.

These data, derived from a large diverse cohort of
initially healthy postmenopausal women, showed that
women with a history of pregnancy loss appear to be at
increased risk of future CHD but not ischemic stroke.
Although we cannot determine the mechanism of these
associations, findings from this study, and more recently
the study by Ranthe et al '’ suggests a shared cause for
pregnancy loss and CHD that requires further investi-
gation into better understanding the pathophysiologic
mechanisms behind the increased risk (ie, changes in
endothelial function, insulin resistance, inflammation,
and hypercoagulable states). Additionally, biomarker
data are also needed so that we can examine potential
biologic pathways for homocysteine, antiphospholipid
antibodies, VEGF-A (vascular endothelial growth
factor-A), PAI-1 (plasminogen activator inhibitor-1),
high-sensitivity C-reactive protein, glucose, insulin, and
flow-mediated dilation to help us further understand
this association. Furthermore, future studies need to
address whether the association of pregnancy loss and
CHD is independent of potential confounders.

Until recently, prenatal loss was not routinely con-
sidered to be a risk factor for development of future
CVD. The American Heart Association recently rec-
ommended? adding reproductive history of pregnancy
loss as a risk factor for CHD. Given that 15% of CVD
events in women occur in the absence of conventional
risk factors, reproductive history of pregnancy loss may
be a potentially clinically useful predictive marker of
CVD risk.?! Our findings, although not conclusive, sug-
gest that women with a history of miscarriage or a single
stillbirth may be at increased CVD risk and should be
considered candidates for closer surveillance and/or early
intervention by their primary care physician so that
risk factors can be carefully monitored and controlled
(including monitoring of CVD risk factors—diabetes,
hypertension, cholesterol, obesity, smoking, and diet).

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orglcontent/12/4/302.

Key words: coronary disease; cardiovascular diseases; miscarriage; still-
birth, women’s health
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