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Abstract

Background: We assessed history of adverse pregnancy outcomes (APOs) and coronary microvascular dys-
function (CMD) in the Women’s Ischemia Syndrome Evaluation—Coronary Vascular Dysfunction (WISE-
CVD) cohort of women with signs and symptoms of ischemia without obstructive coronary artery disease
(CAD). We hypothesized that women with CMD with symptoms and signs of ischemia, without obstructive
CAD, are more likely to have a history of APO.
Materials and Methods: WISE-CVD recruited women with suspected ischemia found to have no obstructive
CAD (n = 324). A subset of these women underwent coronary reactivity testing, including coronary flow re-
serve (CFR) (n = 185). Relationship between history of any APO and CMD was assessed by multivariable linear
regression analyses. APOs included any of the following: hypertension during pregnancy, preeclampsia,
eclampsia, gestational diabetes, or intrauterine growth restriction (low-birth-weight child).
Results: Overall, 79/324 (24%) women reported at least one APO. Women with APOs were younger (52 vs. 56
years, p = 0.001), were more likely obese (body mass index 32 vs. 29 kg/m2, p = 0.004), and had a history of
hypertension (56% vs 36%, p = 0.002), but otherwise had no additional differences in cardiac risk variables
versus women without APOs. Among the subgroup who underwent invasive CFR testing (n = 185), those with
an APO had lower CFR (2.53 vs. 2.76, p = 0.016) versus those without APO.
Conclusions: History of APOs in women with signs and symptoms of ischemia without obstructive CAD is
associated with lower CFR indicative of CMD. Whether common pathways involving diffuse microvascular
dysfunction may account for this suggested association remains unclear. Further investigation is needed to
expand on these exploratory findings.
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Introduction

Cardiovascular disease remains the leading cause of
death in women in the United States. Although some

progress has been made in advancement of symptom recog-

nition and timely treatment of cardiac symptoms in women,
recognition of unique nontraditional cardiovascular risk
factors has been lagging. In particular, there is a growing
degree of evidence that women who have suffered adverse
pregnancy outcomes (APOs) such as preeclampsia and low
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birth weight are at an elevated risk for adverse cardiovascular
outcomes later in life.1 However, the specific mechanisms for
this increased risk remain unclear. Abnormalities in vascular
function, which may manifest early within the placenta
during pregnancy (or perhaps even before implantation), may
play a role. Whether a history of an APO is associated with
abnormalities in coronary vascular function is unknown. We
assessed history of APOs and coronary microvascular dys-
function (CMD) in the Women’s Ischemia Syndrome
Evaluation—Coronary Vascular Dysfunction (WISE-CVD)
cohort of women with signs and symptoms of ischemia
without obstructive coronary artery disease (CAD) (URL:
www.clinicaltrials.gov. Unique identifier: NCT00832702).
Many of these women have been found to have CMD, as-
sessed, in part, by invasive coronary reactivity testing (CRT),
which has been associated with adverse cardiovascular out-
comes.2

We hypothesized that women with symptoms and signs of
ischemia, without obstructive CAD, and history of APO are
more likely to have CMD.

Methods and Statistical Analysis

We assessed for an association between APOs and ab-
normal vascular function in a population of women who
presented with signs and symptoms of cardiac ischemia
without obstructive CAD as described in the WISE.3 CRT
studies were performed at Cedars-Sinai Medical Center (Los
Angeles, CA), or the University of Florida (Gainesville, FL),
between January 2009 and June 2012 where institutional
review boards approved the project and all participants pro-
vided written informed consent. Inclusion criteria included
symptomatic women with angina or angina equivalent and
age ‡18 years of age without obstructive CAD at coronary
angiography (performed within the previous 24 months).
Primary exclusion criterion included obstructive CAD de-
fined as ‡50% luminal diameter stenosis in ‡1 epicardial
coronary artery.

All women underwent baseline evaluation, including col-
lection of demographic variables, risk factors, medical
history, medication use, symptom history, physical exami-
nation, and labs. Body mass index was calculated as kg/m2.
WISE-CVD women with self-reported pregnancy history
available (n = 324) were included for analysis of APO prev-
alence and, among those, women with clinically indicated
CRT (n = 185, 57%) were included in the APO and CRT
analyses. A history of self-reported APO was defined as
having any of the following: hypertension during pregnancy,
preeclampsia, eclampsia, gestational diabetes, or intrauter-
ine growth restriction (low-birth-weight child). CRT assess-
ment was conducted as per previously published protocols,
including coronary flow reserve (CFR) response to adeno-
sine, coronary blood flow change (DCBF) and diameter re-
sponse (DACH) to acetylcholine, and nitroglycerin response
(DNTG).2

For baseline demographics, either chi-squared test or
Fisher’s exact test was used for categorical variables. Sum-
maries for baseline variables reported as mean – standard
deviation and median (range) for variables were provided
with t-tests or Wilcoxon rank sum tests with statistical sig-
nificance defined as p-value £0.05. Multiple linear regression
analysis with CRT measures as the outcome variables was

performed to assess the relationship with history of APO and
to adjust for age and body mass index (BMI), and history of
hypertension. A log transformation was made to CFR and
CBF due to non-normal residual distributions.

CRT and angiography analysis

CRT was interpreted blinded to clinical data by the WISE
Coronary Core Laboratory experienced in interpretation of
CRT using previously published methods.4 Four CRT mea-
sures were assessed: (1) abnormal endothelial function de-
fined as a change in epicardial coronary artery diameter £0%
in response to a maximum dose of acetylcholine (DACH); (2)
abnormal CFR, defined as CFR <2.5 in response to adeno-
sine; (3) abnormal microvascular endothelial dysfunction,
defined as an increase in CBF £50% in response to acetyl-
choline (DCBF); and (4) abnormal nonendothelial function
defined as a change in epicardial coronary artery diameter
£20% in response to nitroglycerin (DNTG). CFR of <2.5 was
defined as abnormal in our study based on previously pub-
lished data from WISE, in which this cutoff was associated
with adverse events.5 CBF was determined as p (coronary
artery diameter/2)2 · (average peak velocity/2). An abnormal
CRT was defined as ‡1 abnormal measure.

Coronary atherosclerosis measured by coronary severity
score (CSS) was measured according to prior publication.6

CSS is an angiographic score that assigns points based on
percent diameter stenosis within epicardial vessels; higher
scores indicate more severe disease.

Results

Among the 324 WISE-CVD women studied, who reported
at least one pregnancy and answered at least one question
related to APO, nearly one-quarter [79/324 (24%)] reported
at least one APO. Pertinent baseline characteristics are
summarized in Table 1. Women with APOs were younger
(52 vs. 56 years, p = 0.001) and more likely obese (body mass
index 32 vs. 29 kg/m2, p = 0.004) and more frequently had a
history of hypertension (56% vs. 36%, p = 0.002), but oth-
erwise were no different in cardiac risk variables than women
without APOs. Notably, there were no differences in systolic
or diastolic blood pressure, lipid profile, or glucose levels.
Two hundred one women underwent some form of CRT to
include CBF, ACH response, NTG response, and/or CFR
evaluation with the specific numbers of women undergoing
each study noted in Table 3. There were no statistical dif-
ferences between women who underwent CRT and those who
did not, Table 2.

Among those who had some form of CRT evaluation, 46
out of 201 (23%) had history of APO. Among those who
underwent CRT evaluation with CFR (n = 185), similarly, 39/
185 (21%) had history of APO. Results of CRT are sum-
marized in Table 3 and demonstrate that, despite a lower
burden of coronary atherosclerosis severity, women with
APO had a lower CFR (2.53 vs. 2.76, p = 0.016) compared to
women without APO. There were no statistical differences in
measures of DCBF, DACH, or DNTG.

In linear regression analysis, estimated average units of log
CFR of those with APO was 0.085 U lower than those without
APO, given the same age and BMI (Table 4). When self-
reported history of hypertension was added to the model,
p-value for association between APO and CFR changed to
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Table 1. Baseline Characteristics by Adverse Pregnancy Outcome (n = 324)

Characteristic No APO (n = 245) History of APO (n = 79) p

Age 56.3 – 10.4 51.9 – 9.1 0.001
BMI 29.3 – 7.1 32.3 – 10.1 0.004
BSA 1.8 – 0.2 1.9 – 0.3 0.003
Pulse rate 68.0 – 10.6 69.7 – 11.0 0.259
Systolic BP 126.4 – 18.1 128.3 – 17.6 0.452
Diastolic BP 67.2 – 11.7 70.0 – 13.1 0.090
Total cholesterol 181.9 – 36.3 175.3 – 36.9 0.307
TRIG 120.4 – 78.6 130.4 – 80.8 0.428
HDL 60.0 – 16.7 57.3 – 17.8 0.376
LDL 99.1 – 32.8 93.3 – 35.8 0.337
Glucose 96.6 – 26.1 98.7 – 25.2 0.640
Creatinine 0.78 – 0.16 0.75 – 0.17 0.432
History of hypertension (%) 88 (36) 45 (56) 0.002
ACE-I 48 (21) 17 (22) 0.873
ARB 16 (7) 9 (12) 0.228
Beta blocker 72 (31) 30 (38) 0.267
Calcium channel blocker 53 (23) 21 (27) 0.441
Diuretic 31 (13) 14 (18) 0.350
Vasodilator 10 (4) 3 (4) 1.0
Race 0.841

Native American 2 (1) 1 (1)
Asian/Pacific Islander 6 (2) 3 (4)
Black/African American 18 (7) 7 (9)
Hispanic/Latin 22 (9) 6 (8)
White/Not Hispanic 183 (75) 59 (75)
Other/specify 14 (6) 2 (3)

Data values are represented as mean – SD or n (%).
ACE-I, ace-inhibitor; APO, adverse pregnancy outcome; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure;

BSA, body surface area; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard deviation; TRIG, triglycerides.

Table 2. Baseline Characteristics by Coronary Reactivity Testing (n = 324)

Characteristic No CRT (n = 123) CRT (n = 201) p

Age 56.0 – 9.3 54.7 – 10.8 0.262
BMI 29.8 – 8.3 30.1 – 7.9 0.725
BSA 1.8 – 0.3 1.8 – 0.2 0.870
Pulse rate 67.5 – 10.5 68.9 – 10.8 0.282
Systolic BP 129.1 – 17.8 125.6 – 18.0 0.102
Diastolic BP 66.8 – 13.1 68.5 – 11.5 0.232
Total cholesterol 177.1 – 37.0 182.5 – 36.1 0.319
TRIG 134.7 – 87.1 115.5 – 73.4 0.110
HDL 57.8 – 15.8 60.4 – 17.5 0.315
LDL 94.9 – 32.5 99.8 – 33.9 0.336
Glucose 103.7 – 33.9 93.8 – 20.1 0.027
Creatinine 0.8 – 0.2 0.8 – 0.1 0.765
History of hypertension (%) 50 (41) 83 (41) 1
History of diabetes 16 (13) 23 (12) 0.725
Statins 66 (55) 70 (35) 0.001
ACE-I 24 (21) 41 (21) 1
ARB 7 (6) 18 (9) 0.393
Beta blocker 50 (42) 52 (27) 0.004
Calcium channel blocker 40 (34) 34 (18) 0.001
Diuretic 17 (14) 28 (14) 1
Vasodilator 4 (3) 9 (5) 0.773
Race 0.820

Native American 0 3 (1.5)
Asian/Pacific Islander 3 (2) 6 (3)
Black/African American 9 (7) 16 (8)
Hispanic/Latin 11 (9) 17 (8)
White/Not Hispanic 92 (75) 150 (75)
Other/specify 7 (6) 9 (4)

Data values are represented as mean – SD or n (%).
CRT, coronary reactivity testing.
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p = 0.066, Table 5. Women with a history of APO showed
abnormal DCBF with <50% blood flow increase, and both
APO and non-APO groups had an abnormal DNTG with
<20% diameter change as noted in Table 3.

Discussion

Our study demonstrates that a history of APOs in women
with signs and symptoms of ischemia without obstructive
CAD is associated with lower CFR indicative of CMD. The
potential etiology for this suggested association is unclear,
but plausible based on common pathways within microvas-
cular dysfunction. Prior data have suggested that a history of
APO is associated with long-term increase in cardiovascular
risk. Specifically, data support an association between APO
conditions such as preeclampsia and gestational diabetes and
elevated risk of cardiovascular events. Women with a history
of preeclampsia have a fourfold increased risk of developing
chronic hypertension, threefold increased risk of developing
type-2 diabetes, and a twofold increased risk for ischemic
heart disease and stroke.7–9 Preeclampsia’s independent as-
sociation with cardiovascular death is not limited to the early
postpartum period, but is present throughout the woman’s
lifetime (adjusted hazard ratio 2.14), as demonstrated by
long-term follow-up such as the 30-year follow-up of over
14,000 women in the Kaiser Permanente Child Health and
Development Studies pregnancy cohort.10

As such, in 2011, the American Heart Association added
gestational hypertension and preeclampsia to its algorithm
for evaluation of cardiovascular risk in women.11 However,
mechanisms to explain such associations have remained
unclear.

Our findings may provide some new insight into potential
mechanisms leading to increased cardiovascular risk in wo-
men with CMD. Our analysis suggests that history of APOs,
in women with signs and symptoms of ischemia without

obstructive CAD, is associated with lower CFR indicative of
CMD; specifically, women with a history of any APO had
evidence of lower CFR value compared with those without
APO history. CMD has been increasingly recognized as a
cause of angina and associated with increase in long-term
cardiovascular events. As these women with history of APO
age, underlying vascular dysfunction may become evident
through symptoms and signs of myocardial ischemia. Com-
mon pathways, which overlap between cardiovascular and
placental pathogenesis such as alterations in VEGF, which is
a proangiogenic growth factor, inflammation, altered vaso-
constriction/dilation, and abnormal microvascular function
within the placenta and coronary circulation, may play a
role.12 In addition, in our analysis, addition of hypertension
history led to a lower p-value association between APO and
CFR. This suggests the association of APO and reduced CFR
may be mediated, in part, by hypertension, although this
concept warrants further study.

Our data suggest that a history of APO may serve as a
marker for future risk of CMD, indicative by abnormal CRT.
Current guidelines from the American College of Obstetricians
and Gynecologists (ACOG) recommend aggressive screening
for hypertension and diabetes after a pregnancy complicated
by preeclampsia.13 The implications of our this study support
these recommendations. Further knowledge regarding whe-
ther risk modification may mitigate the development of ad-
verse cardiovascular events and CMD should be investigated.
Our findings suggest that APO and CMD are associated by a
common pathway and support the need for additional data to
address this knowledge gap.

Limitations

There are several limitations to our study. Notably, the
assessment of APO history was by self-report based on self-
report questionnaire only obtained as part of the WISE-CVD

Table 3. Coronary Reactivity Testing and Coronary Severity Stenosis Score in Women

with Coronary Flow Reserve Performed

Invasive measures (Definition of Normal) N No APO History of APO p

CFR (‡2.5) 185 2.76 – 0.61, n = 146 2.53 – 0.43, n = 39 0.016
DCBF (>50% increase) 152 67.67 – 91.62, n = 118 46.77 – 60.30, n = 34 0.475
DACH (>0% increase) 165 -1.46 – 13.44, n = 130 -0.78 – 16.15, n = 35 0.316
DNTG (>20% increase) 165 14.63 – 13.74, n = 130 12.63 – 10.92, n = 35 0.428
Coronary severity stenosis score 161 10.2 – 4.07, n = 128 9.80 – 4.34, n = 33 0.462

DACH, % diameter change in response to acetylcholine; DCBF, % coronary blood flow change in response to acetylcholine; CFR,
coronary flow reserve in response to adenosine; DNTG, % diameter change in response to nitroglycerin.

Table 4. Invasive Coronary Reactivity Testing Measures in Women with Coronary Flow Reserve

Performed—Multiple Linear Regression Analysis (Adjusted for History of Adverse Pregnancy Outcome,

Age, and Body Mass Index)

Invasive measures Age effect per year (p) BMI effect per unit (p) APO History effect (p)

log CFR (n = 183) -0.001 (0.448) 0.001 (0.716) -0.085 (0.031)
log DCBF (n = 151) -0.007 (0.049) -0.013 (0.005) -0.084 (0.343)
DACH (n = 164) -0.162 (0.110) -0.298 (0.032) 0.342 (0.899)
DNTG (n = 164) -0.234 (0.015) -0.115 (0.380) -2.466 (0.335)
Coronary severity

stenosis score (n = 160)
0.061 (0.040) 0.031 (0.457) -0.435 (0.596)
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study, and thus, further details of APO history could not be
obtained. Limitations of history also apply to hypertension
and the variable used in this analysis is self-reported history
of hypertension. In addition, we studied APO association in
this select cohort of women without obstructive CAD, thus,
the generalizability of these results to all women is unknown.

Conclusions

These WISE-CVD analyses suggest that a history of APOs
in women with signs and symptoms of ischemia without
obstructive CAD is associated with lower CFR indicative of
CMD. Our findings support the hypothesis that APO history
may be associated with CMD. Whether common mecha-
nisms may underlie both conditions remain unclear and re-
quires further investigation. As such, our findings support the
need for continued interdisciplinary research collaboration
between obstetrics, maternal-fetal medicine, and cardiology.
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