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Abstract

Objectives—Preeclampsia, a pregnancy-specific hypertensive disorder, has been associated with
cardiovascular risk factors and vascular changes, such as acute atherosis in placental blood vessels,
which are similar to early-stage atherosclerosis. The objective of this study was to determine
whether women with preeclampsia have increased atherosclerotic burden, as determined by carotid
intima-media thickness (CIMT), when compared to women who did not have preeclampsia.

Methods—We conducted a systematic review and meta-analysis of studies that reported CIMT, a
non-invasive, ultrasound-based measure of subclinical atherosclerosis, in women who did vs. did
not have preeclampsia. Studies were eligible if they were conducted during pregnancy or during
the first decade postpartum, and if CIMT was measured in the common carotid artery. Studies
published before March 7, 2016 were identified through PubMED, EMBASE and Web of Science.
Two reviewers used predefined forms and protocols to independently evaluate the eligibility of all
titles and abstracts, perform full text screening, data abstraction and quality assessment.
Heterogeneity was assessed using the 12 statistic. Standardized mean difference was used as a
measure of effect size.

Results—Fourteen studies were included in the meta-analysis; 7 studies at the time of
preeclampsia and 10 studies up to 10 years postpartum. Three studies included measurements at
both time periods. Women who had preeclampsia had significantly higher CIMT compared to
those who did not, either at the time of diagnosis (SMD: 1.10, 95% CI: 0.73-1.48, p<0.001), or in
the first decade postpartum (SMD: 0.58, 95% CI: 0.36-0.79, p<0.001
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Conclusions—Atherosclerotic load is present at the time of preeclampsia and may be one
mechanism associated with preeclampsia. CIMT may offer an opportunity for early recognition of
premenopausal women with atherosclerotic burden after preeclamptic pregnancies.

Keywords

preeclampsia; cardiovascular risk; meta-analysis; intima-media thickness; subclinical
atherosclerosis

Introduction

Methods

Preeclampsia is a pregnancy-specific hypertensive disorder, clinically characterized by
hypertension (systolic blood pressure 2140 mm Hg and/or diastolic blood pressure 290 mm
Hg) and commonly proteinuria (=300 mg in 24 h) that occur after 20 weeks gestation. 1
Preeclampsia remains one of the leading causes of maternal and fetal morbidity and
mortality worldwide. The underlying cellular and molecular mechanisms of preeclampsia
are not well understood and are under active investigation by several laboratories. However,
there is general agreement that, similar to cardiovascular disease, endothelial dysfunction
plays a crucial role in its pathogenesis. On a clinical level, preeclampsia and atherosclerotic
cardiovascular disease share common risk factors, and most of the severe complications of
preeclampsia include those that typically are seen with the latter, namely, ischemic heart
disease, stroke, and heart failure, further supporting the notion that preeclampsia is a state of
increased atherosclerotic burden. These clinical observations are supported further by
histological studies of placental vascular changes in preeclampsia. Acute atherosis of the
placental blood vessels in preeclampsia, consisting of subendothelial lipid-filled foam cells,
fibrinoid necrosis of the arterial wall, and perivascular lymphocytic infiltration, is similar to
early-stage atherosclerosis. 2

Carotid intima-media thickness (CIMT) increasingly is used as a measure of preclinical
atherosclerosis, and is evaluated using non-invasive, ultrasound-based imaging of the
combined thickness of the intimal and medial arterial wall components. 3 Despite increasing
recognition of CIMT as a valuable marker of preclinical atherosclerosis, only a few studies
have investigated CIMT at the time of the diagnosis of preeclampsia. Furthermore, these
studies have provided conflicting evidence regarding the association between preeclampsia
and CIMT elevations. We hypothesized, in the current study, that pregnant women at the
time of their preeclampsia diagnoses will have increased atherosclerotic burden, as defined
by CIMT, compared to pregnant women without preeclampsia. We conducted a systematic
review and meta-analysis of studies that reported CIMT as a measure of subclinical
atherosclerosis, both at the time of pregnancies affected by preeclampsia and in the first
decade postpartum. The latter was evaluated to determine whether subclinical
atherosclerosis is present/persists during premenopausal years in women after preeclamptic
pregnancies.

This systematic review was performed in accordance with the Preferred Reporting Items for
Systematic Reviews 4 and Meta-analysis of Observational Studies in Epidemiology, °
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following a standardized protocol that is available from the study authors. A vascular
physiologist (TLW) and biostatistician with expertise in conducting systematic reviews and
meta-analyses (NMM) developed the search strategy. Searches of Pub MED, EMBASE and
Web of Science through March 7, 2016 were performed for studies that compared CIMT
among women who had preeclampsia and women who had pregnancies that were not
complicated by preeclampsia. Studies were included if they compared CIMT between these
groups before preeclampsia, at the time of active disease or if CIMT was measured in non-
pregnant women months to 10 years after delivery. Studies were eligible for inclusion if
CIMT was measured in the common carotid artery; studies that measured IMT in other
arteries were excluded.

Studies that were identified abased on the above criteria were stratified into = 1 of the
following time periods:

1 Before preeclampsia: CIMT was measured in pregnant women who were
followed until delivery to determine whether they developed preeclampsia. No
participants had preeclampsia at the time of CIMT measurement.

2. At the time of active disease: CIMT was measured after 20 weeks of gestation to
compare CIMT in pregnant women, with versus without preeclampsia, at the
time of the CIMT measuring.

3. Postpartum: CIMT was measured in non-pregnant women, hours up to 10 years
after delivery.

There were no restrictions on publication language or status. Authors of relevant abstracts
were contacted to identify eligible unpublished datasets and obtain any missing data, as well
as information on the study design and methodology. Studies that combined preeclampsia
with gestational hypertension and/or chronic hypertension in pregnancy were only eligible if
data for the subset of women who developed preeclampsia could be obtained. Two reviewers
(NMM and TLW) independently evaluated the eligibility of all titles and abstracts, and
performed full text screening to select articles for inclusion. Disagreements were resolved by
consensus. Two reviewers (TLW and JML) independently abstracted the data and evaluated
the quality of selected manuscripts using an adapted version of the Newcastle-Ottawa tool
{G, 2000 #1298}for observational studies (available from authors upon request).
Independent reviewers used standardized forms and protocols when selecting and
abstracting data. Authors were contacted to clarify and confirm the accuracy of abstracted
data.

The Supplemental Material contains detailed methodology for diagnostic criteria, search
strategy, article screening and selection, and missing information.

Statistical Analysis

The primary outcome was CIMT, expressed as means with standard deviations.
Methodologies for measuring CIMT vary among labs; therefore we used the standardized
mean difference (SMD) to examine differences between the preeclampsia and non-
preeclampsia groups. .A recent study also suggested that the SMD may be preferable than
the mean difference (MD) from the viewpoint of generalizability.{ Takeshima, 2014 #1271}
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This measurement of effect size expresses the difference between group means in units of
standard deviations, and was estimated by pooling individual trial results using random-
effects models via the Der Simonian-Laird method. Heterogeneity was assessed using the
Chi-square Q and 12 statistic. 12 presents the inconsistency between the study results and
quantifies the proportion of observed dispersion that is real, i.e., due to between-study
differences and not due to random error. The categorization of heterogeneity was based on
the Cochrane Handbook® and states that 12<30%, 30% to 60% or >60%, corresponds to low,
moderate and high heterogeneity, respectively. A separate forest plot was constructed for
each analysis showing the SMD (box), 95% confidence interval (lines), and weight (size of
box) for each trial. The overall effect size is represented by a diamond. Sensitivity analyses
were conducted to examine the effects of: 1) inclusion of studies that presented CIMT as
median (IQR) or median (range), 2) inclusion of measurements performed in less severe vs.
more severe forms of preeclampsia, if pooled measurements were not available, 3) exclusion
of studies that included women with chronic hypertension at the time of pregnancy, 4)
replacement of the results of the study performed in 2006 with the follow up results in a
subgroup of the same participants who were re-tested 4 years later, and 5) the inclusion of
studies for which the exact postpartum time periods are unknown, and 6) the exclusion of
studies that were published as abstracts only. A p value <0.05 was considered to be
statistically significant. Analyses were performed in R. 89

We identified 234 potentially eligible articles. The study selection process is presented in
Figure 1. Of the 76 full text articles that were reviewed, 22 were selected for the systematic
review (qualitative synthesis). 19-31 Fourteen studies were included in the meta-analysis
(quantitative synthesis) and included studies that measured CIMT: 1) at the time of
preeclampsia (n=7),17-23 and 2) up to 10 years postpartum (n=10). 19:21.23-30 Three studies
included measurements both at the time of the preeclampsia diagnosis and

postpartum. 192123 Only two studies examined CIMT prior to the diagnosis of
preeclampsia 19:31; therefore this time period was not included in the meta-analysis. Detailed
explanations for excluding studies in every step of the study selection process are presented
in Figure 1. All 17 full text publications and 5 abstracts included in systematic review are
presented in details in the Supplemental Material which includes tables describing summary
characteristics for the included studies (Table S1-3); diagnostic criteria for studies
examining women with more severe and less severe forms of preeclampsia (Table S4);
exclusion criteria (Table S5-7); detailed information about CIMT methodology (Table S8);
and summary statistics used in sensitivity analyses (Table S9). Detailed information
regarding the quality of the included studies is also provided (Table S10-12).

At the time of preeclampsia:

Seven cross-sectional studies 17-23 that were eligible for the meta-analysis included 143
preeclamptic women and 357 non-preeclamptic pregnant women. Two additional
studies 1013 were included in the qualitative synthesis. CIMT was significantly higher in
women at the diagnosis of preeclampsia (SMD: 1.10, 95% Cl: 0.73-1.48, p<0.001),
compared to those who did not have preeclampsia (Figure 2). The analysis revealed
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moderate heterogeneity among the results of the respective studies (12=57%, p=0.030). The
presented effect remained significant in sensitivity analyses that included two studies that
reported medians, with IQRs 10:13 (SMD:0.89, 95% CI: 0.50-1.28, p<0.001), and in a
sensitivity analysis that excluded women with chronic hypertension at the time of their
pregnancies (SMD: 1.50, 95% Cl: 0.73-2.26, p<0.001). 20:21.23 Results were not different
after inclusion of measurements performed in less severe vs. more severe forms of
preeclampsia, 1318 where pooled measurements were not available (SMD: 0.97, 95% ClI:
0.55-1.40, p<0.001). Exclusion of two studies that were published as abstracts only did not
alter estimated effect size (SMD: 1.22, 95% CI: 0.77-1.66, p<0.001).

Postpartum period (up to 10 years postpartum): Six cross-sectional studies, 21:24.26-29 3
cohort studies 19:23.30 and pre-randomization baseline data from one randomized controlled
trial 25 were eligible for meta-analysis. These studies included 389 women who had histories
of preeclampsia and 377 women who did not. Four additional studies (3 cross-sectional
studies 111215 and one cohort study 19) were included in the qualitative synthesis. CIMT
was significantly higher among women with histories of preeclampsia in the studies
conducted in the first decade postpartum, with a SMD of 0.58, and 95% CI of 0.36-0.79,
p<0.001 (Figure 3). The analysis revealed moderate heterogeneity among the results of the
respective studies (12=43%, p=0.069). This effect remained significant in sensitivity analyses
that included three studies that reported medians 19-12 (SMD: 0.40, 95% CI: 0.15-0.64,
p=0.002), and in a sensitivity analysis that excluded women with chronic hypertension at the
time of their pregnancies (SMD: 0.53, 95% CI: 0.24-0.81, p<0.001). 21.23-26.28-30 Regylts
were not different after inclusion of study for which the exact postpartum time period is
unknown 15 (SMD: 0.67, 95% CI: 0.40-0.94, p<0.001) or the replacement of the results of
the study performed in 2006 24 with the follow up results in a subgroup of the same
participants who were re-tested 4 years later 14 (SMD: 0.57, 95% Cl: 0.35-0.79, p<0.001).
Exclusion of two studies that were published as abstracts only did not alter estimated effect
size (SMD: 0.69, 95% CI: 0.49-0.90, p<0.001).

Discussion

The goal of this study was to conduct a systematic review and meta-analysis to determine
whether CIMT, a sensitive measure for quantifying subclinical atherosclerosis, is elevated in
pregnancies affected by preeclampsia, both at the time of delivery and up to 10 years
thereafter. We found that CIMT was significantly higher among women at the time of
preeclampsia diagnosis (SMD: 1.10, 95% CI: 0.73-1.48), as well as in the first decade
postpartum (SMD: 0.58, 95% ClI: 0.36-0.79), compared to women who did not have
preeclampsia. The reported effects remained significant in sensitivity analyses performed to:
1) exclude women with chronic hypertension at the time of pregnancy, 2) include
measurements performed in less severe vs. more severe forms of preeclampsia, and 3)
include studies for which any approximation of the main outcome or assumption about the
study design was used. There were not enough studies to determine whether women who
develop preeclampsia have higher CIMT values prior to preeclampsia diagnosis. Our results
indicate that there is an increased atherosclerotic burden in women with preeclamptic
compared to normotensive pregnancies, both at the time of delivery and 10 years
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postpartum, which may contribute to an increased risk to cardiovascular disease (CVD) in
the affected women.

In normal pregnancy, the invasive activity of cytotrophoblast leads to important changes in
the spiral arteries, causing them to lose muscle and elastic tissue and undergo transformation
into flaccid, large capacitance uteroplacental arteries. {Pijnenborg, 1991 #165}’ {Brosens,
2002 #164}° {Khong, 1986 #145} The net result of these changes, frequently referred to as
“physiological change” or “spiral artery remodeling,” is increased blood supply that meets
the increased metabolic demands of the developing fetus and placenta. In preeclampsia,
placental spiral arteries fail to lose their musculoelastic layers ultimately leading to
decreased placental perfusion. {Meekins, 1994 #182}" {Khong, 1986 #145} These non-
transformed arteries are susceptible to acute atherosis, vessel lesions that closely resemble
early-stage atherosclerosis. {De Wolf, 1975 #1303} The pro-atherosclerotic milieu of
preeclampsia is supported further by studies that reported the role of classical cardiovascular
risk factors (such as hypertension, diabetes, and hyperlipidemia) in prediction of
preeclampsia as early as in the first trimester, {Gabbay-Benziv, 2016 #1268} {Baschat, 2015
#1269} Clinical corollaries of these observations relate to increased risks for atherosclerotic
disease both at the time of pregnancy, and postpartum. One notable example is an increase of
54% in pregnancy related-hospitalizations for stroke from 1994-1995 to 2006-2007 in the
USA, with hypertensive disorders as a leading cause. 3° With respect to post-pregnancy
outcomes, patients with severe forms of preeclampsia are at greater risk for cardiovascular
death as early as the first decade after their affected pregnancies. 40 Taken together, these
studies further support the concept of preeclampsia as a state of increased atherosclerotic
burden that is associated with an increased risk for cardiovascular events, both immediately
and long-term. The overall atherosclerotic burden may be further increased by advanced age
at first pregnancy (a trend increasingly described in many countries), and by increased usage
of the sophisticated techniques of assisted reproduction, such as /n vitro fertilization (IVF),
that have made pregnancy possible for women with infertility conditions that are associated
with cardiovascular disease risk factors (such as polycystic ovary syndrome). {Meekins,
1994 #182}’ {Khong, 1986 #145}Despite this convincing evidence of atherosclerotic burden
in preeclamptic pregnancies, only a small number of studies have investigated CIMT at the
time of the diagnosis of preeclampsia and thereafter.

CIMT increasingly is used as a measure of preclinical atherosclerosis. Nevertheless, current
guidelines do not support routine measurements of CIMT in risk assessment for a first
atherosclerotic cardiovascular disease event for the general population. This
recommendation is based on the available evidence indicating that the addition of CIMT
measurements to the Framingham Risk Score was associated with a small and clinically
non-significant improvement in 10-year prediction of the first atherosclerotic cardiovascular
disease event. 42 Recent studies of the role of CIMT for risk prediction in highly selected
patient subgroups have provided encouraging results. Meta-analyses of the studies that
included patients with anti-phospholipid syndrome, 43 diabetes mellitus type 1, 44 and
systemic lupus erythematosus, 4° have provided evidence that CIMT may serve as a good
marker of cardiovascular risk in highly selected patient populations. Our current meta-
analysis indicates that a greater atherosclerotic burden, as measured by CIMT, is present at
the time of preeclampsia diagnosis, compared to women without such a diagnosis, and up to
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10 years postpartum, when most of them are premenopausal. Conceivably, this pro-
atherosclerotic milieu can contribute to cardiovascular complications during and after
preeclamptic pregnancies.

The limitations of our study are those that are inherent to meta-analyses in general.
Discrepant data regarding the association between preeclampsia and CIMT reported by
individual studies may be due to differences in their designs, CIMT methodology, and
patient recruitment strategies. However, the meta-analysis of published studies clearly
indicates that atherosclerotic load is present at the time of preeclamptic pregnancies and that
it may be one of the mechanisms leading to this disease, which is increasingly viewed as a
heterogeneous disorder, with different clinical subtypes possibly reflecting distinct
underlying pathological mechanisms. 46 Consistent with this notion are data indicating that
statins may decrease endothelial dysfunction in primary human tissues, thus supporting their
role as a candidate therapy for preeclampsia. 4’ As to the impact of preeclampsia on future
health, CIMT may offer an opportunity for early recognition of women with atherosclerotic
burdens after preeclamptic pregnancies, even before menopause, when cardiovascular risk in
women tends to increase. Our study cannot support the use of CIMT in the clinical practice
neither for identification of pregnant women at risk for preeclampsia, nor for CVD risk
stratification after preeclamptic pregnancies. However, our results support the role of
atherosclerotic process as one of the mechanisms that is associated with preeclampsia, and
set the stage for longitudinal, adequately powered studies that will use a standardized CIMT
technique to validate the role of CIMT for diagnosing vascular disease at the time of
pregnancy, and for screening of vascular disease thereafter.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Flow chart showing selection of studies for meta-analysis (2 one study that performed
measurements prior to disease was included in the meta-analysis as it also included
measurements at the time of disease and post-partum, P three studies included measurements
both at the time of disease and postpartum)
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Figure 3.
Meta-analysis of differences in CIMT between women with vs. without histories of

preeclampsia in the first decade postpartum
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