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ABSTRACT

Introduction Hypertensive disorders of pregnancy (HDP)
are one of the leading causes of maternal morbidity and
mortality. The risk of developing cardiovascular diseases
following HDP is high. Arterial stiffness is a prognostic
indicator for cardiovascular disease in the general
population, and it is elevated during pregnancy in women
with HDP. No systematic reviews have been conducted
to determine if arterial stiffness remains elevated beyond
puerperium in these women with HDP.

Methods and analysis We will conduct a systematic
literature search in the following electronic databases:
Medline, PubMed, Embase, Cochrane Library, Google
Scholar, Web of Science and CINAHL. The review will
consider studies that investigate arterial stiffness in
women who had HPD and are between 43 days and

10 years postdelivery and under 60 years of age. This
systematic review will follow the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
Protocols guidelines. Estimates of mean + SD for

arterial stiffness indices (cfPWV, Alx and Alx@75) for

the women in the included studies will be obtained.

For studies where the estimates were reported as the
median and IQR, approximate estimates of mean + SD
will be calculated by using the low and high end of the
range, median and sample size. Data from the individual
studies will be pooled by use of a random-effects model.
The risk of bias assessment will be assessed using the
Cochrane Collaboration tool and the Newcastle-Ottawa
Quality Assessment Scale as appropriate. Sources of
heterogeneity will be explored by sensitivity and subgroup
analyses.

Ethics and dissemination No ethics approval is
required as only published data will be used in this study.
The research study’s outcomes will be shared through
scientific conferences and peer-reviewed publications.
PROSPERO registration number CRD42023461867.

INTRODUCTION

Hypertensive  disorders of  pregnancy
(HDP) are one of the leading causes of
maternal mortality." They are associated
with an increased risk of adverse perinatal
and maternal outcomes, including foetal
growth restriction, prematurity, obstetric
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This protocol follows the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses Protocol
guidelines for reporting protocols of systematic re-
views and meta-analysis, meeting the highest sci-
entific quality standards.

= We will conduct a comprehensive search across
several databases.

= The inclusion of studies only published in the English
language may lead to language bias, potentially
omitting studies in other languages.

= The studies may have used different definitions of
pregnancy-related hypertension, which could make
it difficult to pool the results.

haemorrhage, intracranial complications,
renal failure, preterm birth, small for gesta-
tional age newborns, stillbirth and neonatal
death."™ These hypertensive disorders which
are a worldwide burden with a prevalence of
5.2% to 8.2% in pregnancy are also associated
with long-term complications, such as chronic
hypertension, ischaemic heart disease and
other cardiovascular diseases.””

In the general population, arterial stiff-
ness and central blood pressure are markers
of vascular health and prognostic indicators
for cardiovascular disease and are targets to
improve heart disease worldwide.”™ In preg-
nancy, arterial stiffness has gained attention
in women with HDP. Studies have found that
women with HDP have increased arterial stiff-
ness and central blood pressure compared
with normotensive pregnant women.”'" Arte-
rial stiffness is related to the degree of hyper-
tension and is a predictive marker for the
development of HDP.® This vascular marker
has been reported to be significantly higher
in the first trimester of pregnancy in women
who subsequently develop HDP compared
with those who remain normotensive."” "
This finding is crucial given the need for early
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detection and clinical management of HDP. However,
additional research is still required to assess the accuracy
of predicting HDP using arterial stiffness, and if it is high
enough, preventive measures for HDP, such as aspirin
usage, can be executed.'*

In the past, invasive measurement of arterial stiffness
limited its widespread use. New, easy-to-use, noninvasive
devices for measuring maternal arterial stiffness have
been developed."” These new devices, which assess arte-
rial stiffness through augmentation index (Alx) and
pulse wave velocity (PWV), are designed to be conve-
nient for daily clinical practice.® '° Several factors can
influence the PWV. In the second and third trimesters,
Alx and PWV have been shown to be lower compared
with the baseline.” Controlling blood pressure (BP)
parameters through medical treatment has also been
shown to reduce PWV, whereas ageing is associated with
elevated PWV and, therefore, increased risk of hyper-
tension and cardiovascular disease in older patients.'”
However, reducing brachial arterial BP does not always
correspond to equivalent reductions in central BP or
arterial stiffness.'” '® This is clinically important as arte-
rial stiffness is a better predictor of cardiovascular disease
compared with peripheral BP. Focus must therefore shift
towards controlling the arterial stiffness in women with
hypertension.

Numerous systematic reviews have been published
with the aim of compiling available data on arterial stiff-
ness and its association with pre-eclampsia during preg-
nancy.” "' However, there is still limited systematic data
on arterial stiffness in women with pre-eclampsia beyond
the puerperium period. For most normotensive women,
pregnancy-related cardiovascular changes usually disap-
pear within the first 6 weeks following pregnancy (puerpe-
rium).** * However, pregnant patients with HDP remain
atrisk of developing cardiovascular complications later in
life.* Tt is, therefore, worth determining if arterial stiff-
ness remains elevated beyond puerperium in women with
HDP. If elevated after 6 weeks following pregnancy, arte-
rial stiffness status may explain the association between
HDP and future cardiovascular risk; therefore, measures,
such as medical treatment and lifestyle interventions, may
be employed to reduce this risk.'” '®

Objective

The objective of this systematic review is to determine if
the arterial stiffness remains elevated after 6 weeks post-
delivery in women with a history of HDP.

Research question
Does the arterial stiffness remain elevated after the puer-
perium period in women who previously had HDP?

METHODS AND ANALYSIS

This protocol is developed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Protocols 2015 guidelines.”

Table 1
Search Search items

Search strategy

Hits

1 Arterial stiffness [tw] OR central blood
pressure [tw] OR Pulse wave velocity [tw] OR
Augmentation index [tw] OR PWV [tw] OR
Aix(tw] OR Alx@75(tw]

2 Preeclampsia [tw] OR Eclampsia(tw]
OR gestational hypertension [tw] OR
Hypertensive disorders of pregnancy [tw]

3 postpartum [tw] OR after puerperium [tw]
4 #2 AND #3
5 #1 AND #4

Search strategy

We will conduct a systematic literature search in the
following electronic databases: Medline, PubMed,
Embase, Cochrane Library, Google Scholar, Web of
Science and CINAHL. We also intend to check reference
lists from the included studies for any important studies
missed during the database search. Before publication,
we will rerun our search to capture relevant articles
published after the initial search. The search strategy is
shown in table 1.

Study designs

We will include randomised and non-randomised control
trials, prospective and retrospective cohort studies, case-
control studies and cross-sectional studies performed in
humans.

Target population
The target population will include women under 60 years
who are between 43 days and 10 years postdelivery.

Patient and public involvement
None for this systematic review.

The exposure

The exposure is hypertensive disease during pregnancy
or within 42 days postdelivery. The hypertensive diseases
will include pre-eclampsia, gestational hypertension,
chronic hypertension and chronic hypertension with
superimposed pre-eclampsia.”® Pre-eclampsia is defined
as persistent de novo hypertension that develops at
or after 20 weeks of gestation, accompanied by either
proteinuria or features of maternal organ or uteropla-
cental dysfunction. Features of maternal organ dysfunc-
tion include acute kidney injury (creatinine > 90 pmol/L
or 1 mg/dL), liver involvement (elevated alanine amino-
transferase or aspartate aminotransferase > 40 IU/L) with
or without right upper quadrant or epigastric abdominal
pain, neurological complications (such as eclampsia,
altered mental status, blindness, stroke, clonus, severe
headaches and persistent visual scotomata) and haema-
tological complications (decreased platelet count < 150
000/pL, disseminated intravascular coagulation and
haemolysis). Uteroplacental dysfunction includes foetal
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growth restriction, abnormal umbilical artery Doppler
waveform analysis or stillbirth.® " Gestational hyperten-
sion is defined as persistent de novo hypertension that
develops at or after 20 weeks of gestation in the absence
of features of pre-eclampsia.”® Chronic hypertension
refers to high BP predating the pregnancy or recognised
at <20 weeks of gestation. Chronic hypertension with
superimposed pre-eclampsia occurs when pre-eclampsia
occurs in a pregnant woman who has pre-existing chronic
hypertension.*

Comparison

We will compare the arterial stiffness biomarkers of the
women who had HDPs with those who had normotensive
pregnancies >43 days postdelivery.

Outcomes

The outcomes are the arterial stiffness-specific and
related haemodynamic indices that include cfPWV, Alx
and AIx@75 at 243 days postpartum.

Inclusion criteria
The systematic review will encompass human studies
published from inception to the date of data collection.
Inclusion in the review will require that studies have
measured arterial stiffness in participants between 43
days and 10 years postpartum.
To ensure data accessibility and language homogeneity,
only studies published in the English language will be
considered for inclusion in this systematic review.

Exclusion criteria

We will exclude case series and reports, cost-benefit anal-
yses and qualitative research, as well as reviews, newspa-
pers, books, conference abstracts, theses, commentaries,
letters, editorials and unpublished data. Animal and
in vitro studies will also be excluded. Studies that only
assess arterial stiffness measurements during pregnancy,
labour and delivery or within 6 weeks postpartum will
be excluded. Additionally, due to the increase in arterial
stiffness in older women, women aged 60 years and above
will also be excluded from the study.*®

Data collection
Mendeley Reference Manager will be used to store and
manage searched items. Records identified as poten-
tially eligible based on title, abstract and full texts will
be obtained to screen. Two reviewers, namely, XM and
CBB, will independently extract the required data from
the studies and compare them in duplicate. Any disagree-
ments between the reviewers will be resolved through a
discussion with SG. AH will be involved in writing drafts
and reviewing the manuscript overall.

The data to be extracted will include the following
information:
» Study characteristics: author(s), journal, title, year of

publication, study design and sample size.

» Study objective.

» Demographic details of the study participants,
including age and the country/countries where the
study participants were recruited.

» Outcome: summary data for arterial stiffness indices
(cfPWV, Alx and AIx@75) for each group (women
who had HDP and normotensive controls).

» Comments on the study quality for grading.

» Concluding points made by the authors of the
included study. When the same cohort was reported
in multiple articles, the study which contains the
largest sample will be selected.

If the data of interest are not included in tables, the
Results section text will be carefully read for relevant
information. If an eligible study does not provide full data
or further clarifications are needed, we will contact the
corresponding authors to obtain data.

Risk of bias

For randomised control trials, risk of bias assessment will
be performed using the Cochrane Collaboration tool for
assessing risk of bias, where each paper is judged as having
a high, low or unclear risk of bias.” For case-control and
cohort studies, the nine-item Newcastle Ottawa Quality
Assessment Scale or a modified version will be used.*” No
studies will be excluded based on the risk of bias assess-
ment; however, a sensitivity analysis will be performed
with studies of higher quality.

Statistical analysis

Estimates of mean + SD for arterial stiffness indices
(cfPWV, Alx and AIx@75) for women who had HDPs
(and each subtype of HDP, as available) and normoten-
sive women will be obtained from the relevant studies. For
studies where the estimates were reported as the median
and IQR, approximate estimates of mean + SD will be
calculated using the available estimates of the median,
minimum and maximum.

These data will be summarised using a DerSimonian
and Laird random-effects model.”’ A separate meta-
analysis will be conducted for each haemodynamic indices
of interest (cfPWV, Alx and AIx@75) for the combined
outcome in those who had HDPs and for each subtype
of HDP.

For studies that provide data on the association between
these haemodynamic variables and the outcome of
interest, we will meta-analyse these effect measures using
a random effects model. For any studies that may dichot-
omise the haemodynamic variables in terms of high/
low binary variables, we will additionally meta-analyse
the sensitivity and specificity of these variables using the
bivariate mixed effects regression model. We will perform
a subgroup analysis for each subtype of HDP, as available.
If we are unable to analyse data using meta-analysis, a
narrative synthesis will be conducted to summarise and
tabulate the results.

Assessment of heterogeneity
Potential sources of heterogeneity will first be assessed
using the I” statistic.”
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The following subgroup and sensitivity analyses using

RevMan 5.3 will be performed, where the data allow:

1. according to study design (case-control vs cohort);

2. according to study quality (minimal/low vs moderate/
high);

3. according to age of the HDP offspring.

We will conduct funnel plots to assess the potential for
publication bias where there are sufficient (>10) studies.
If there are subgroup and sensitivity analyses in the
process of the meta-analysis, we will conduct some post
hoc analyses to explore potential high heterogeneity or
publication bias.

These potential sources of heterogeneity include
average participant age, per cent of nulliparous partici-
pants, race/ethnicity, average body mass index, the per
cent of participants that smoke and the per cent of partic-
ipants with diabetes, kidney disease and autoimmune
disease, as well as other pregnancy complications, as
available.

Reporting of results

The primary study topic will be determined using the aims
and objectives of each included paper. A flow diagram
following PRISMA-P guidelines will represent the study
selection process. Two tables will list the characteristics
and quality assessment of the included studies. The find-
ings obtained from meta-analyses will be displayed using
forest plots. The eligible studies we could not obtain raw
data by contacting corresponding authors will be listed
individually in a separate table.

DISCUSSION

HDP are a global concern due to their impact on the
health of mothers and their unborn babies, particularly
the long-term risk of cardiovascular disease.'® The iden-
tification of biomarkers that predispose patients with
HPD to a high risk of cardiovascular disease is crucial.
Studies in nonpregnant patients have shown that arte-
rial stiffness is a better predictor of future cardiovascular
complications when compared with peripheral BP. In
pregnancy, arterial stiffness is elevated in women with
pre-eclampsia compared with normotensive women."
This finding could explain the association between pre-
eclampsia and the elevated risk of future cardiovascular
disease. This systematic review will summarise eligible
studies to examine whether the arterial stiffness observed
among women with HPD remains elevated beyond the
puerperium period. If this turns out to be the case, it
could strengthen suggestions that high arterial stiffness
in hypertensive pregnant patients may relate to long-term
risk of cardiovascular disease, and treatment to optimise
arterial stiffness can be offered to minimise this risk.
However, further reviews are necessary to determine the
actual occurrence of cardiovascular diseases in women
who experienced HPD and had increased arterial stiff-
ness. The strength of this systematic review lies in being
the first to investigate whether elevated arterial stiffness

persists after the puerperium period in women with HDP.
However, the scarcity of published literature on this topic
may limit the quality of findings in this systematic review.
Additionally, the included studies may differ in sample
size, leading to high heterogeneity.
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