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ABSTRACT

Introduction Hypertensive disorders of pregnancy (HDP),
one of the most common obstetrical complications, has
been reported to have a controversial relationship with
the increased risk of asthma in offspring. No systematic
review of this topic has been performed. The aim of this
systematic review will be to summarise the available
evidence examining the association between HDP and the
risk of asthma in offspring.

Methods and analysis We will follow the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses and Meta-analysis of Observational Studies

in Epidemiology guidelines. A systematic search of

the PubMed, Embase, Cochrane and Web of Science
databases will be performed using a detailed search
strategy from database inception through 31 December
2019. Cohort, case-control and cross-sectional studies
that report a diagnosis of maternal HDP and asthma in
offspring will be included. Studies will be limited to the
English language and include only human participants. Two
independent reviewers will conduct the study selection,
data extraction and risk of bias assessments using a
standardised data extraction form. A meta-analysis will
be performed to calculate overall pooled estimates using
the generic inverse variance method. The data will be
synthesised by either fixed-effect or random effects
models according to heterogeneity tests. All analyses will
be performed in Stata 14 and RevMan 5.3. High-quality
evidence of the relationship between HDP and the risk

of asthma in exposed offspring will be identified through
the synthesis of current studies. In addition, the results of
subgroup analyses and related secondary outcomes will
be reported. The following will be concluded: (i) whether
HDP increases the risk of asthma in offspring, (i) whether
HDP affects the severity of asthma in exposed offspring
and (iii) whether possible differences in the risk of asthma
among different HDP subgroups exist.

Ethics and dissemination There is no requirement for
ethics approval because the meta-analysis and systematic
review will be based on published data. It is anticipated that
the dissemination of results will take place at conferences
and through publication in a peer-reviewed journal.

INTRODUCTION

Hypertensive disorders of pregnancy (HDP)
is estimated to affect 5% to 15% of all preg-
nancies and is recognised as one of the most

Strengths and limitations of this study

» This will be the first meta-analysis to explore the re-
lationship between hypertensive disorders of preg-
nancy and the risk of asthma in exposed offspring.

» This protocol was designed following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses and Meta-analysis of Observational
Studies in Epidemiology guidelines.

» Since there may be some potential confounding fac-
tors, we will perform detailed subgroup analyses to
reduce the effects of confounding factors.

» Since positive results are more prone to be pub-
lished online, funnel plots will be used to assess
publication bias.

» Selection bias will be considered because the pooled
data will be obtained from observational studies.

common obstetrical complications.' * HDP
includes any hypertensive condition before
gestation or manifested before 20 weeks and
hypertension starting at or after 20 weeks;
types of hypertension include gestational
hypertension (GH), preeclampsia (PE),
chronic hypertension and PE superimposed
on chronic hypertension according to the
International Society for the Study of Hyper-
tension in Pregnancy.’” Recent studies have
reported that HDP is closely associated with
an increased risk of diseases in offspring,
including asthma, allergy, eczema,’ high
blood ]E)ressure,5 congenital heart defects,6
obesity,” autism spectrum disorder, attention-
deficit/hyperactivity disorder, low cogni-
tive function, anxiety/depression and other
neurodevelopmental disorders.®” The ‘Devel-
opmental Origins of Health and Disease’
hypothesis, which has been widely confirmed,
suggests that fetuses exposed to adverse
uterine environments are prone to develop
chronic non-communicable diseases later
in life owing to perpetual alterations in the
fetal vasculature, cardiac structure, pancreas,
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adipose tissue and brain structure.'” '' In addition,
HDP induces a detrimental in utero environment, with
systemic inflammation and oxidative stress experienced
by the fetus, thus impairing vulnerable fetal lung develop-
ment and disturbing immune function, which may persist
throughout life in the offspring.

Asthma, a common lung disease associated with
abnormal inflammation and immune response, is char-
acterised by variable symptoms of wheezing, shortness of
breath, chest tightness and/or cough, and variable expi-
ratory airflow limitation. It is a chronic disease of child-
hood and is responsible for the majority school absences,
emergency department visits and hospitalisations. Thus,
asthma has been regarded as a major public health chal-
lenge worldwide, affecting 1% to 18% of populations in
different countries.'”” "” The development of asthma has
generally been attributed to the interactions between
genetics and environmental factors.'* '° Currently, it
is widely accepted that asthma develops early in life."®
Recurrent wheezing and other asthma-like symptoms
usually begin within the first few weeks or months after
birth. There is increasing evidence to suggest that nega-
tive events occurring early in life, even in the perinatal
period, significantly increase the risk of asthma and poor
lung function later in life.'” ' Hence, adverse obstetrical
events, such as HDP, may have strong effects on fetal
airway structure and lung and immune system develop-
ment during the prenatal period and may significantly
increase the susceptibility of offspring to asthma.'?*

Approximately half of individuals with asthma are
reported to have suffered from asthma-like symptoms
during childhood.”’ Therefore, early recognition and
intervention are critical to reduce short-term and long-
term morbidity and to prevent potential long-term
sequelae resulting in impaired lung function. Recent
studies have shown that HDP is a potential risk factor for
childhood asthma in offspring.* ** However, the associa-
tion between HDP and asthma is controversial.”’ Identi-
fying the relationship between HDP and asthma could
help us to understand the pathogenesis of asthma. It
also facilitates early asthma recognition and intervention
in high-risk populations. Therefore, we aim to perform
a systematic review and meta-analysis to summarise the
available evidence regarding the relationship between
HDP and asthma in offspring.

OBJECTIVES
The aim of the present systematic review and meta-
analysis is to summarise the available evidence to explore
the following:
1. Whether HDP increases the risk of asthma in offspring;
2. Whether HDP affects the severity of asthma in exposed
offspring; and
3. Whether differences in the risk of asthma among dif-
ferent HDP subgroups exist.
The study will be conducted based on the following
requirements.

Population
Pregnant women and their offspring at any age (both
child offspring and adult offspring) will be included.

Intervention/exposures

HDP, defined as any hypertension (systolic blood pres-

sure (BP) 2140 and/or diastolic BP 290 mm Hg) during

pregnancy, mainly includes the following:

1. GH: any hypertensive disorder that develops at or after
20 weeks of gestation in the absence of features of PE;

2. PE: GH accompanied by one or more of the following
new-onset conditions at or after 20 weeks of gestation:
(i) proteinuria, (ii) maternal organ dysfunction, such
as acute kidney injury, liver complications, neurolog-
ical complications or haematological complications
and (iii) uteroplacental dysfunction;

3. Chronic hypertension (essential and secondary): high
blood pressure predating pregnancy or recognised at
<20 weeks of gestation; and

4. PE superimposed on chronic hypertension: chronic es-
sential hypertension accompanied by any of the above
maternal organ dysfunctions consistent with PE.

The definitions were developed according to current
guidelines, such as the Canadian Hypertensive Disor-
ders of Pregnancy Working Group,** Society of Obstetric
Medicine of Australia and New Zealand,25 American
College of Obstetricians and Gynecologists® and Interna-
tional Society for the Study of Hypertension in Pregnancy
guidelines.”

Comparison
Normotensive pregnant women will be used as the control

group.

Outcomes

Primary outcome: asthma

Asthma is defined by a history of respiratory symptoms,
including wheezing, shortness of breath, chest tightness
and cough, that vary over time and in intensity in addi-
tion to variable expiratory airflow limitation according
to the Global Initiative for Asthma'? and International
Collaboration in Asthma, Allergy and Immunology.?’

Secondary outcomes
1. Wheezing/recurrent wheezing;

a. Lung/pulmonary function (including forced ex-
piratory volume in 1 s (FEV)), forced expiratory
volume at 0.5 s, forced vital capacity (FVC), FEV, /
FVC, 50% of the forced expiratory flow and 75% of
the forced expiratory flow, maximal mid-expiratory
flow), active asthma, asthma exacerbations and asth-
ma treatment (including hospitalisation, systemic
corticosteroid use, inhaled B2—agonist use, inhaled
corticosteroid use, combination of inhaled [32-
agonists and corticosteroid use, leukotriene antago-
nist use and other anti-asthma medication use); and

2. Serum immunoglobulin E levels.

2

Li P, et al. BMJ Open 2020;10:2035145. doi:10.1136/bmjopen-2019-035145



METHOD

The systematic review and meta-analysis will follow the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) * and Meta-analysis of Observa-
tional Studies in Epidemiology guidelinf:s.29

Criteria for considering studies for review

Inclusion criteria

1. Studies with cohort, case-control and cross-sectional
designs that report a diagnosis of HDP and asthma in
offspring as the outcome of interest;

2. Studies that estimate the relationship between HDP
and asthma and report the estimated risks (ORs or rel-
ative risks (RRs)) with 95% CIs or provide sufficient
information to calculate these values;

3. Studies published in only the English language;

4. Studies published in any year; and

5. Studies that include only humans.

Exclusion criteria

1. Conference abstracts, letters to the editor, reviews and
commentary articles;

2. Studies with overlapping data; or

3. Studies missing raw data.

Search strategy

A systematic search of the literature will be conducted

in the PubMed, Embase, Cochrane and Web of Science

databases from database inception through 31 December

2019. We will search databases such as Google Scholar

for grey literature. A three-phase search strategy will be

applied in this review.

1. For HDP, the following combination of search terms will
be used: ‘hypertensive disorders during pregnancy’ or
‘hypertensive disorders in pregnancy’ or ‘hypertensive
disorders of pregnancy’ or ‘pregnancy-induced hyperten-
sion’ or ‘eclampsia’ or ‘preeclampsia’ or ‘preeclampsia’
or ‘preeclamptic pregnancy’ or ‘chronic hypertension’
or ‘gestational hypertension’ or ‘chronic hypertension
with superimposed preeclampsia’ or ‘postpartum hyper-
tension’ or ‘maternal hypertensive disorders’.

2. For asthma, the following search terms will be used:
‘asthma’ or ‘wheeze’ or ‘wheezing’ or ‘shortness of
breath or ‘bronchial spasm’ or ‘bronchospasm’ or
‘bronchoconstriction’ or ‘bronchoconstrict’ or ‘bron-
chial hyperreactivity or ‘bronchial hyperresponsive-
ness’ or ‘reactive airway disease’ or ‘obstructive lung
disease’ or ‘air low limitation or chronic obstructive re-
spiratory disorder’ or ‘chronic obstructive pulmonary
disease’.

3. We will combine steps 1 and 2 with ‘AND”.

The detailed search strategy is listed in online supple-
mentary table 1. We will manually search the reference
lists of the included studies to further identify eligible
studies.

Study selection and data extraction
The eligibility of each study will be assessed independently
by two investigators (PL and TX), and disagreements

will be solved by discussion (with a third author, YH,
when necessary). Data from the identified studies will
be extracted using the standardised data extraction
form listed in online supplementary table 2. The titles
and abstracts of the studies retrieved from each data-
base will be stored and managed in the EndNote refer-
ence manager. For each included study, we will extract
the following information: first author’s last name, year
of publication, study location, study design, sample size,
ascertainment of exposure (HDP and its subgroups),
outcome diagnostic criteria, offspring age at diagnosis,
adjusted/matched confounding variables and effects esti-
mates (RRs or ORs) with 95% Cls. The eligibility of each
study will be assessed independently by two investigators
(PL and TX), and disagreements will be solved by discus-
sion (with a third author, YH, when necessary).

Subgroups/subsets
Subgroup analyses will be carried out according to the
following: (1) study design (cohort vs case-control vs
cross-sectional), (2) sample size, (3) location (eg, Europe
vs USA), (4) income level of the country (low/middle/
high), (5) year of publication, (6) study subject selection,
(7) study quality (minimal/low vs moderate/high), (8)
adjusted offspring factors (eg, age at diagnosis of asthma,
sex, birth weight, gestational age) and (9) adjusted
maternal factors (eg, maternal asthma, maternal body
mass index, gestational weight gain, maternal smoking).
Sensitivity analyses will be performed by excluding each
study one by one and calculating a pooled estimate for
the remainder of the studies.

If any other subgroup/sensitivity analyses are identi-
fied during the process of the meta-analysis, these will be
clearly labelled as post hoc analyses.

Risk of hias (quality) assessment

The quality of cohort and case-control studies will be
assessed using the Newcastle-Ottawa Scale,” which evalu-
ates the selection of study groups (one star for each term),
comparability (up to two stars) and exposure or outcome
(one star for each term) (online supplementary table
3). A high score indicates a low risk of bias. Additionally,
cross-sectional studies will be assessed using the Agency
for Healthcare Research and Quality-recommended 11
items scale (online supplementary table 4).”' Further-
more, the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) methodology will
be used to evaluate the overall likelihood of quality by
examining six types of bias in each study (selection, expo-
sure, outcome, analytical, attrition and confounding)
(online supplementary table 5).”* The GRADE classifies
the quality of studies as low, moderate and high. The
quality assessment of each study will be independently
carried out by two authors, and any disagreements will
be resolved through discussion (with a third author when
necessary). We will use funnel plots to assess publication
bias, and Egger’s linear regression will be applied to test
for funnel plot asymmetry.
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Strategy for data synthesis

The overall pooled estimates for the association between
HDP and asthma will be calculated in the meta-analysis.
We will use the generic inverse variance method to deter-
mine both the crude and adjusted results. A summary OR
estimate with a 95% CI will be calculated by using fixed-
effect and random effects models. The I? statistic will
be applied to examine heterogeneity. According to the
Cochrane Handbook criteria, if the 12 value is less than
50%, heterogeneity is low, and a fixed-effect model will
be used in the analysis. Otherwise, the heterogeneity will
be considered high if the I? value is 50% or more, and a
random effects model will be used. Forest plots will be
constructed to show the study-specific RR/OR estimates
and pooled RR/OR estimates. If a study is eligible for
inclusion in the systematic review but does not provide
adequate data for inclusion in the meta-analysis, a narra-
tive synthesis will be conducted to summarise and tabu-
late the results. All analyses will be performed in Stata 14
and RevMan 5.3.

Presenting and reporting the results

The study selection procedure will be outlined by a flow
diagram according to the PRISMA statement in the meta-
analysis (online supplementary figure 1). In addition, the
reason for excluding studies will be presented. The char-
acteristics of each included study, including the popula-
tion, age range of participants, sample size, year range
of studies, study design, country, exposure, outcome,
measure of effect, unadjusted or adjusted effects (95% CI)
and adjustment for covariates, will be tabulated in detail.
The heterogeneity of the results will be listed in another
table. Additionally, we will use forest plots to present the
pooled estimates in the meta-analysis. Eligible studies
for which we could not obtain raw data by contacting
the corresponding authors will be listed individually in a
separate table.

Patient and public involvement

This systematic review and meta-analysis will be based on
published studies; therefore, primary patient data will not
be collected. Patients and the public will not be involved
in the study design, recruitment and data analysis.

Summary

In this systematic review and meta-analysis, we will assess
the association between HDP and asthma in offspring
by summarising the existing literature based on a prede-
signed protocol. Our results might help reveal the poten-
tial aetiology of asthma involving fetal lung and immune
system development during the prenatal period. Thus,
the supporting evidence may promote strengthened
surveillance of HDP-exposed infants, leading to early
identification and intervention and improved lung func-
tion and asthma outcomes.
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