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Abstract | Two important maternal cardiometabolic disorders (CMDs), hypertensive disorders in
pregnancy (HDP) (including pre-eclampsia) and gestational diabetes mellitus (GDM), result

in a large disease burden for pregnant individuals worldwide. A global consensus has not been
reached about the diagnostic criteria for HDP and GDM, making it challenging to assess differences
in their disease burden between countries and areas. However, both diseases show an unevenly
distributed disease burden for regions with a low income or middle income, or low-income and
middle-income countries (LMICs), or regions with lower sociodemographic and human development
indexes. In addition to many common clinical, demographic and behavioural risk factors, the
development and clinical consequences of maternal CMDs are substantially influenced by

the social determinants of health, such as systemic marginalization. Although progress has been
occurring in the early screening and management of HDP and GDM, the accuracy and long-term
effects of such screening and management programmes are still under investigation. In addition to
pharmacological therapies and lifestyle modifications at the individual level, a multilevel approach
in conjunction with multisector partnership should be adopted to tackle the public health issues
and health inequity resulting from maternal CMDs. The current COVID-19 pandemic has disrupted

health service delivery, with women with maternal CMDs being particularly vulnerable to this

public health crisis.

Two of the most common cardiometabolic disorders
(CMDs) that occur during pregnancy are hypertensive
disorders in pregnancy (HDP) and diabetes mellitus.
HDP includes chronic hypertension, gestational hyper-
tension and pre-eclampsia-eclampsia. Diabetes mellitus
during pregnancy can be pre-existing type 1 diabetes mel-
litus or type 2 diabetes mellitus (T2DM), or gestational
diabetes mellitus (GDM) that develops during pregnancy.
This Review focuses on HDP and GDM. HDP and GDM
share many common risk factors and similarities in their
pathophysiology, including oxidative stress, inflammation
and vascular endothelial dysfunction'; these two maternal
conditions result in a large disease burden for both preg-
nant individuals and their offspring. Despite decreasing
prevalence after years of interventions, HDP remain a
leading cause of maternal mortality and morbidity glob-
ally, especially in low-income and middle-income coun-
tries (LMICs)*™. The prevalence of GDM has increased
dramatically over the past two decades by more than 30%
in numerous countries’”. These two maternal CMDs are
related to substantial short-term and long-term adverse

health outcomes for pregnant individuals and their off-
spring. Individuals with HDP or impaired glucose meta-
bolism during pregnancy experience greater maternal
mortality and morbidity rates than people with uncom-
plicated pregnancies. Furthermore, pregnant people with
HDP or impaired glucose metabolism have an increased
risk of future CMDs and premature death later in life*-"°.
Negative influences of HDP and hyperglycaemia during
pregnancy on fetuses and neonates include, but are not
limited to, intrauterine growth restriction (IUGR) and
macrosomia, preterm birth, low birthweight and adverse
outcomes later in life'’. Notably, the burden of prema-
ture deaths from complications of CMDs in pregnancy
and associated cardiovascular disease (CVD) later in
life falls disproportionately upon LMICs. Several socio-
environmental factors, including poverty, air pollution,
educational and sociocultural barriers, and limitations in
health-care access and infrastructure', are responsible for
such inequities in disease burden.

This Review discusses the global disease burden
and risk factors for HDP and GDM, highlighting the
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Key points

* Hypertensive disorders of pregnancy (HDP) and gestational diabetes mellitus (GDM)
are common cardiometabolic complications of pregnancy.

* HDP and GDM show an unevenly distributed disease burden (in terms of prevalence,
disability-adjusted life years and/or maternal deaths) in low-income and middle-
income countries and/or regions with low sociodemographic and human development

indexes.

* In addition to common clinical, demographic and behavioural risk factors, the
development and clinical consequences of HDP and GDM are substantially influenced
by the socioeconomic determinants of health.

* Besides prevention and treatment at the individual level, strategies should also be
made at different levels and in conjunction with multisector partnerships to improve
societal and community conditions to prevent and/or manage HDP and GDM.

differences between high-income countries (HICs)
and LMICs. In addition, we provide policy recommen-
dations regarding public health interventions that can
be contextualized and implemented either worldwide
or regionally to help reduce the mortality and morbid-
ity related to these maternal CMDs in an efficient and
cost-effective manner. We note that, unless otherwise
specified, the terms women and men refer to ciswomen
and cismen.

Diagnostic criteria

HDP. Comprising chronic hypertension, gestational
hypertension and pre-eclampsia—-eclampsia, the precise
definition and classification of HDP is evolving over
time, especially for pre-eclampsia. Pre-eclampsia is not
a single disorder but a variety of pathophysiological
pathways that converge on a common syndromic end
point, of high blood pressure occurring with proteinuria
after 20 weeks of pregnancy’. In the past 10 years, the
definition of pre-eclampsia has been extended to include
individuals without proteinuria but with evidence of
maternal end-organ or uteroplacental dysfunction'.
Two of the broad definitions adopted by most clini-
cal practice guidelines and authorities are those of the
International Society for the Study of Hypertension in
Pregnancy'® and the American College of Obstetricians
and Gynecologists'® (Supplementary Table 1). The appli-
cation of these broad definitions of pre-eclampsia means
patients once diagnosed with gestational hypertension
or chronic hypertension were recategorized as pre-
eclampsia or chronic hypertension with superimposed
pre-eclampsia, respectively'’-*'. This diagnostic shift will
influence clinical management (for example, increased
hospital admission and induction of labour)"’. Although
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the debate is still ongoing on these new classification sys-
tems, studies published in 2021 revealed that a broad
definition of pre-eclampsia could better identify women
and babies at risk of adverse outcomes?*’.

GDM. The diagnostic criteria for GDM have also
evolved (Supplementary Table 2) These criteria are
usually based on glucose thresholds for oral glucose
tolerance tests. Currently, the screening and diagnostic
approaches for GDM are under debate*~*? given differ-
ences in the focus of different guidelines. For example,
the ability of the diagnostic criteria to predict the risk
of adverse maternal and neonatal outcomes®~* versus
the maternal risk of developing T2DM in the future®*-*%.
Adopting broad definitions of GDM might result in a
considerable increase in the prevalence and incidence
of GDM***, with potentially increased health-care
costs'” and psychological stress in women and their
families*'. However, many researchers consider GDM
treatment highly cost-effective when the benefits of
future maternal T2DM and childhood obesity risk
reduction are taken into account’*>=**. Therefore,
amajority of health authorities, such as the WHO and the
American Diabetes Association, have come to support
the broad criteria, such as the criteria of the International
Association of the Diabetes and Pregnancy Study
Groups (IADPSG)**.

Disease burden

HDP. HDP are among the leading causes of maternal
and fetal morbidity and mortality worldwide’, respon-
sible for an estimated 14% of maternal deaths globally.
Despite a much lower maternal mortality in HICs than
in LMICs, HDP remains one of the most common
causes of maternal death worldwide’. The proportion
of maternal deaths from HDP was 2.8% in the UK and
Ireland (2011-2013), whereas maternal mortality related
to HDP ranged between 0.08 and 0.42 per 100,000 preg-
nancies between 2009 and 2015 (REF*). The proportion
of maternal deaths attributable to HDP is 7.4% in the
USA, accounting for an estimated one-fifth of antenatal
admissions and two-thirds of referrals to daytime assess-
ment units*. In France, HDP account for one-quarter of
obstetric admissions to intensive care units®*. In contrast,
in LMICs, 10-15% of direct maternal deaths are asso-
ciated with HDP?**. Therefore, epidemiological surveil-
lance of HDP is crucial for perinatal health care all over
the world.

To illustrate the global prevalence of HDP, we
extracted data on prevalence, death and disability-
adjusted life years (DALYs) from the Institute for Health
Metrics and Evaluation (IHME) Global Burden of
Disease (GBD) 2019 report”’. The GBD report estimates
health loss due to 369 diseases and injuries for more
than 200 countries and territories all over the world.
A critical resource for informed policy making, the GBD
report is aimed at improving health systems and elim-
inating health inequities*. Globally, the prevalence of
HDP is 116.4 per 100,000 women of childbearing age.
At the regional level, Africa had the highest prevalence
of HDP, with a mean prevalence of 334.9 per 100,000
women of childbearing age, followed by Southeast Asia
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Fig. 1| Prevalence of hypertensive disorders of pregnancy (per 100,000 women of childbearing age) in 2019

by WHO region. The mean prevalence of hypertensive disorders in pregnancy (HDP) shows a state of inequity among
different regions worldwide. Africa has the highest mean prevalence of HDP, which is far higher than in other regions. It is
followed by South East Asia and Eastern Mediterranean, which have a mean prevalence of HDP of over 0.1% among women
of childbearing age. The Western Pacific has the lowest mean prevalence of HDP. Data were originally presented in REF.*.

and the Middle East, with mean prevalences of 136.8 and
121.4 per 100,000 women of childbearing age, respec-
tively. Conversely, the Western Pacific region had the
lowest prevalence of HDP at 16.4 per 100,000 women of
childbearing age (FIG. 1). A great disparity exists between
HICs and LMICs regarding the disease burden of
HDP (TABLE 1).

To further illustrate potential differences in disease
burden of HDP at the country level, we stratified the dis-
ease burden (prevalence, DALY and death) of HDP by
country and sociodemographic index (SDI) and human
development index (HDI), respectively. Countries with
lower SDI and HDI generally had a greater disease
burden of HDP than those with higher SDI and HD],
demonstrated by a higher prevalence, DALYs and death
attributable to HDP (FICS. 2-4). These data are consistent
with those of other studies”. The WHO’s estimate of the
incidence of HDP in developing countries is 2.8% of live
births, compared to an incidence of 0.4% of live births
in developed countries’. A 2021 study investigating the
epidemiological trends of HDP by using the GBD data
showed that the death and incidence rates of HDP are
decreasing in most countries and all regions except for
those with low SDI and HDI*.

GDM. The global prevalence of GDM has also stead-
ily increased in the past four decades. Depending on
the diagnostic criteria used, 9-25% of pregnancies are
affected by GDM™. According to a global observational
study, the prevalence of GDM ranged between 9% and

26% in 15 centres’'. The rapid global increase in GDM
occurring within the past few decades has created an
emerging epidemic in both HICs and LMICs™. We
extracted data related to pre-existing diabetes mellitus
in pregnancy and GDM from the International Diabetes
Federation report (10th edition)™ (FIC. 5). Southeast Asia
had the highest prevalence of GDM, with a median esti-
mate of 25.9%, followed by the North American and
Caribbean regions (median prevalence 20.7%). With
a median prevalence of 14.0%, the Western Pacific had
the lowest prevalence of GDM. These data are compa-
rable to those of previous studies™. A great disparity
exists between HICs and LMICs regarding the disease
burden of GDM (TABLE 2). However, given different
diagnostic criteria for GDM used by different countries,
strict cross-country/region comparisons are difficult to
interpret (FIC. 6).

Risk factors

Common risk factors. HDP and GDM share several risk
factors, including advanced maternal age*', overweight
or obesity*®*>%~", nutrition (such as reduced calcium
and vitamin D, intake”’~””) and dietary patterns before
and/or during pregnancy. For instance, a low intake of
fruit, green leafy vegetables, poultry and fish, and high
consumption of the Western dietary pattern (charac-
terized by a high intake of red meat, processed meat,
refined grain products, high-fat and/or high-sugar pro-
cessed food) might be associated with an elevated risk of
HDP and GDM”*-¥ (FIG. 7).
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Some obstetric complications and situations, includ-
ing primiparity’****-"!, multifetal pregnancy*~**°' and
history of GDM**°*?, are related to the development
of HDP!0°062:668590.9L93-97 Qther risk factors for HDP
include a previous history of HDP*****, a family his-
tory of HDP* and pre-existing diseases, such as chronic
hypertension, pregestational diabetes mellitus, throm-
bophilia, systemic lupus erythematosus, antiphospho-
lipid antibody syndrome, kidney disease and obstructive
sleep apnoea'®”*"*””. Smoking has been revealed to be a
potential protective factor for HDP'®, but the evidence
of the association between smoking during pregnancy
and HDP remains controversial %2,

In terms of GDM, a previous history of GDM and
a family history of diabetes mellitus might increase
the risk of developing GDM in a current pregnancy®.
Other potential risk factors include carrying a male
fetus'”'%, parity” and polycystic ovarian syndrome'”,
although some evidence is not very consistent'*. By
contrast, physical activity before and during pregnancy
was reported to be associated with a decreased risk
Of GDMSU,I()‘FHI.

Race, ethnicity, socioeconomic and environmental fac-
tors. Debate is ongoing on the role of race and/or eth-
nicity in the development of maternal CMDs. Certain
ethnic and racial groups have been widely reported to
have a disproportionately increased disease burden of
maternal CMDs. For example, African American women
and Filipino women have an increased risk of develop-
ing HDP'"*"""*, Higher incidence rates of HDP have also
been found in Maori, Indigenous Australian, American
Indian and Alaskan Native populations™''*-'"7, whereas
the risk of HDP in Pacific Islander populations is still
controversial''*'"*. Racial and ethnic groups with an
increased risk of developing GDM include Indigenous
Australian, Pacific Islander, South or East Asian, Middle
Eastern, Hispanic and African populations®!*-'2,
However, whether race and/or ethnicity are independ-
ent, genetically determined risk factors for maternal
CMDs is controversial. Researchers have found that
individuals of African Caribbean origin have a higher
risk of developing HDP than white individuals, even
after adjusting for markers of social deprivation'*. Some
biomarkers of disease risk have also been found to vary
according to racial origin. For instance, circulating levels
of placental growth factor (PIGF) in Black women and
South and East Asian women are higher than in white
women'”. Some genetic variants have been reported to

Table 1| The prevalence, mortality, years of life lost and disability-adjusted
life years of hypertensive disorders in pregnancy

Country  Prevalence Mortality YLLs DALYs
category (per 100,000 women (per 100,000 women

of childbearing age) of childbearing age)
HICs 70.3 0.09 4.9 8.4
MICs 106.0 1.2 712 765
LICs 286.4 3.1 1774 191.7
Global 116.4 1.2 70.7  76.5

DALYs, disability-adjusted life years; HICs, high-income countries; LICs, low-income countries;
MICs, middle-income countries; YLLs, years of life lost. Data were originally presented in REF.*.

be associated with HDP in women with GDM!, includ-
ing the MIR146A rs2910164CC"', HNFIA p.I27LTT"*
and ACE I/D polymorphism DD"** genotypes. Of note,
race can be considered as a social construct rather than
a biological construct''*'*, as race is a socially derived
label that can either be self-reported or assigned and
might not justify any biological or genetic differences
between populations'*>'*. For example, many popula-
tion studies found more genetic variations within racial
groups than among them'”'*.

The social determinants of health (SDOH)"* are
defined as the non-medical conditions in which people
are born, grow, work, live and age, as well as the broader
set of forces and systems that shape daily life conditions.
According to Healthy People 2030 (REF.'*"), SDOH can be
grouped into five domains: economic stability, education
access and quality, health care and quality, neighbour-
hood and built environment, and social and community
context. These factors influence health outcomes and
therefore have an important influence on health inequi-
ties. The association of maternal social adversities and
unfavourable pregnancy outcomes with offspring health
has been widely studied and established. For example,
social stress, malnutrition during pregnancy and envi-
ronmental toxins have been proposed as three SDOH
factors that might affect placental health'*'. In accord-
ance with epigenetic drivers and genetic predisposition,
maternal social adversities result in insidious placental
changes and/or malfunction and could lead to adverse
outcomes during pregnancy and beyond.

Certain racial and/or ethnic groups have an increased
prevalence of maternal CMDs, but, as mentioned
above, this phenomenon cannot be fully explained by
genetic background. In the Generation R study'*>'*
(a large population-based California cohort of single-
ton births)'**, Black women had an increased risk of
HDP compared with white women. Higher socioeco-
nomic status (SES), whether indicated by education or
insurance status, further reduced the risk of HDP in
white pregnant individuals, which in turn indirectly
predicted longer gestation length. High SES is not as
health-protective for Black individuals, which might
be explained by structural and cultural forms of racism
they experience despite their SES'*. HDP was found to
mediate the association between racial residential seg-
regation and low birthweight among Black women in
New York City, USA'**. Furthermore, racial residential
segregation was associated with higher odds of HDP in
areas with higher neighbourhood poverty rates than
in those with lower rates'*®, which had implications for
racial disparities in adverse pregnancy outcomes and
CVD later in life. The stress of systemic racial dispari-
ties, such as poverty, living in racially segregated neigh-
bourhoods, a lack of access to health-care services and
experience of discrimination, can all negatively affect
the health of women of certain ethnic groups, such as
non-Hispanic Black women'*’.

Evidence also supports associations between SDOH
and diabetes mellitus-related outcomes'**. Inequities in
SDOH notably impact disparities in diabetes mellitus
risk, diagnosis and outcomes'*”'*’, and diabetes mel-
litus during pregnancy is no exception''. Disparities
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Fig. 2 | The prevalence of hypertensive disorders of pregnancy by country and region in relation to the sociodemo-
graphic index and human development index in 2019. Each dot indicates the prevalence of hypertensive disorders

in pregnancy (HDP) in a particular country or region in relation to the sociodemographic index (SDI; part a) and human
development index (HDI; part b) in 2019. The size of each dot reflects the total population of the corresponding country or
region. Notable countries and regions are labelled. Countries and regions with the lowest SDI and/or HDI have the highest
prevalence of HDP, including Somalia, Nigeria, Chad, Burkina Faso, Mali and Burundi. Data were originally presented in REF.*.

in SDOH can lead to different maternal and neonatal
outcomes in pregnant women with diabetes mellitus.
SES factors, such as education, occupation and house-
hold income, have been reported to be associated with
GDM", but study findings are inconsistent®**!%*-1",
Some environmental factors, such as passive smoking'*®
and exposure to persistent organic pollutants (POP)
or endocrine disruptors”*'*, might contribute to an

increased risk of developing GDM. A prospective study
demonstrated a modest association between depressive
symptoms early in pregnancy and an increased risk of
incident GDM, particularly in women without obe-
sity and women with persistent depressive symptoms
throughout the first two trimesters of pregnancy'®.
The association between air pollution and maternal
CMDs is a frequent topic of investigation. Several studies
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Fig. 3 | Disability-adjusted life years attributable to hypertensive disorders of pregnancy by country and region

in relation to the sociodemographic index and human development index in 2019. Each dot indicates the disability-
adjusted life years (DALYs) due to hypertensive disorders of pregnancy (HDP) in a particular country or region in relation
to the sociodemographic index (SDI; part a) and human development index (HDI; part b) in 2019. The size of each dot
reflects the total population of the corresponding country or region. Notable countries and regions are labelled. Countries
and regions with low SDI and/or HDI have high DALYs attributable to HDP, including Pakistan, Sierra Leone, Rwanda,

Haiti and Guinea. Data were originally presented in REF.*.

have shown relationships between perinatal exposure to
particulate matter <2.5um in size (PM, ;) and placental
oxidative stress, DNA damage, inflammation, hyperco-
agulation and thrombosis'®'~'*°, all of which are consid-
ered factors associated with the occurrence of maternal
CMDs. A systematic review and meta-analysis included
11 studies and found that PM, ;, nitrogen oxides and SO,
exposure increased the risk of GDM'?. Another study

investigated the association between indoor air pollution
and pre-eclampsia and indicated a twofold greater risk
of reporting pre-eclampsia symptoms in women living
in households using biomass and solid fuels than those
living in households using clean fuels'®®. A systematic
review was conducted on environmental contaminants
and pre-eclampsia, which included studies examining
POPs (six studies), drinking water contaminants (one
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Fig. 4 | Maternal deaths attributable to hypertensive disorders of pregnancy by country and region in relation to the
sociodemographic index and human development index in 2019. Each dot indicates the maternal deaths attributable
to hypertensive disorders in pregnancy (HDP) in a particular country or region in relation to the sociodemographic index
(SDI; part a) and human development index (HDI; part b) in 2019. The size of each dot reflects the total population of the
corresponding country or region. Notable countries and regions are labelled. Countries and regions with low SDI and/or
HDI have high numbers of maternal deaths attributable to HDP, including Pakistan, Sierra Leone, Rwanda and Haiti. Data

were originally presented in REF.*.

study), atmospheric pollutants (11 studies), metals and
metalloids (six studies), and other environmental con-
taminants (four studies)'®. Although definitive conclu-
sions could not be drawn on most chemicals due to the
insufficiency of investigations, nitrogen dioxide, PM,
and traffic exposure were suggested to be associated
with pre-eclampsia. Similarly, the impact of environ-
mental chemicals (for example, bisphenol A, phthalates
and toxic metals) on the development of GDM is not

consistent among studies'”’. In general, the current evi-
dence is highly heterogeneous. Moreover, humans are
exposed to complex mixtures of various environmental
contaminants, making it difficult to isolate the effect
of a single chemical from those of other unknown or
unmeasured co-exposures. Studies large enough to give
rise to an adequate number of maternal CMD cases and
equipped with robust methodology are needed to iden-
tify or confirm the relationship of maternal CMDs and
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Fig. 5 | Prevalence of gestational diabetes mellitus in 2021 by WHO region. The mean prevalence of gestational
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environmental pollutants, to inform policy making or to
develop behavioural interventions.

Clinical consequences

Maternal CMDs, such as HDP and GDM, can lead to
various obstetric complications such as preterm birth,
placental abruption and postpartum haemorrhage®'”".
Furthermore, they can have negative perinatal outcomes
for both the mother and the fetus or neonate, such as
maternal end-organ injuries, maternal death, IUGR,
large for gestational age, shoulder dystocia, hypoglycae-
mia, birth asphyxia, respiratory distress syndrome*>'”'72,
congenital malformations in neonates'”>'”%, stillbirth and
neonatal death. Importantly, these complications might
generate long-term health problems for these mothers
and their offspring.

Women with a history of HDP are more likely to
have recurrent HDP in subsequent pregnancies, and
this risk increases with decreasing gestational age at
delivery in the index pregnancy'””. HDP is also inde-
pendently associated with a higher risk of T2DM in
the future'”. Moreover, women with a history of HDP
are at a higher risk of developing hypertension, CVD
and CVD-related morbidity and mortality than women
with uncomplicated pregnancies’'”’-'** (Supplementary
Table 3). GDM had similar effects on the risk of women
developing future CVDs'"**'*" (Supplementary Table 4),
independent of obesity and at a fairly young age'*'-'**.
Women with GDM have a much higher risk of devel-
oping impaired glucose tolerance and T2DM in later

life than women with uncomplicated pregnancies”**~*"!
(Supplementary Table 5). This risk is especially high for
individuals with a high severity or postpartum continua-
tion of glucose intolerance and high BMI'*-*"". The diag-
nosis of GDM early in pregnancy, such as during the first
half of pregnancy, might increase the risk of developing
diabetes mellitus later in life*””. However, the evidence
is inconsistent™”.

The theory of developmental origins of health and
disease underlines the role of both prenatal and post-
natal environments in shaping developmental trajec-
tories on long-term health?*. Available evidence has
indicated, in addition to affecting the long-term health
of mothers, that maternal CMDs could exert harmful
health burdens on their offspring later in life. Neonates
exposed to HDP might have higher blood pressure
when entering adolescence than neonates from healthy
pregnancies*”*~*. Evidence also exists of a link between
HDP and later-life CVD and cerebrovascular disease
in pregnant individuals, although it is unclear whether
HDP impair the maternal CVD system and result in
future CVD in these pregnant individuals, or whether
they share common risk factors®’. Maternal diabetes
mellitus, regardless of the type (that is, pre-existing
type 1 diabetes mellitus or T2DM, or GDM), has
long-term effects on the risk of diabetes mellitus and
obesity in offspring'’>*1°-',

In the past decade, long-term neurological and psy-
chiatric outcomes in neonates born to mothers with
maternal CMDs have received much attention. The
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offspring of women with HDP are reported to be at a
greater risk of developing cognitive and psychiatric
disorders, such as autism spectrum disorder (ASD),
attention-deficit-hyperactivity disorder (ADHD)?>"7"-*"
or epilepsy during their later life’””. Evidence is also
emerging of the relationship between GDM and neu-
ropsychiatric conditions in children. A 2021 systematic
review found an increased risk of developing ASD but
not ADHD in offspring when exposed to GDM*'. Of
note, the role of confounders, mediators and effect mod-
ifiers (for example, gestational age at birth, birthweight
and SES) were not explored in many of these studies,
making it difficult to interpret the current findings.

Prevention and treatment

Given the large disease burden following maternal
CMDs such as HDP and GDM, for decades, research-
ers have explored treatments that can not only solve
short-term problems but also prevent or improve
long-term health outcomes for mothers with maternal
CMD:s and their offspring.

Treatment of maternal CMDs in the clinical setting.
Currently, several treatment strategies for HDP are
applied in the clinical setting, such as calcium, vita-
min D or folic acid supplementation, or treatment with
aspirin or anti-platelet agents (Supplementary Table 6).
Other novel approaches have been investigated in
clinical or preclinical studies for their benefits in pre-
venting or treating HDP, including metformin®*—%,
pravastatin®*-***, proton pump inhibitors***-**, sul-
fasalazine, antioxidants (for example, melatonin,
MitoQ, polyphenols, and vitamins C and E)*”, sildena-
fil citrate*®**” and biological therapies (such as mono-
clonal antibodies)*****'. Placenta-specific drug delivery
systems, such as the application of nanoparticles, have
also been developed to prevent off-target effects from the
systemic administration of certain medications. Several
animal studies (most commonly using mice or rats) in
this area have been performed; for example, using poly-
amidoamine to carry short-interfering RNA to silence
the gene encoding soluble fms-like tyrosine kinase 1
(FLT1) and to decrease secretion of the gene product*”.
Furthermore, synthetic placental chondroitin sulfate
A-binding peptide has been used to target tropho-
blasts**. Preclinical studies of monoclonal antibodies
targeting tumour necrosis factor, PIGF and complement

Table 2 | Comparison of the prevalence of
gestational diabetes mellitus in countries
of different development levels

Country Number of Number of Prevalence

category pregnant GDM cases (%)
women

LICs 22,370,178 3,017,877 13.5

MICs 31,7016,513 59,085,420 18.6

HICs 61,351,133 10,012,680 16.3

Global 400,737,825 72,115,977  16.7

GDM, gestational diabetes mellitus; HICs, high-income
countries; LICs, low-income countries; MICs, middle-income
countries. Data were originally presented in REF.**,

are underway as well*”. Of note, current studies on
placenta-targeted treatments, which might enable safe
and efficient delivery of therapeutic drugs to improve
pregnancy outcomes, mainly focus on short-term health
outcomes (for example, fetal growth or birthweight)**.
The choice of the most appropriate time point and the
dosage and frequency to administer therapeutic inter-
ventions and the assessment of the long-term effects of
these treatments on improving later-life health outcomes
in offspring remain challenges in this area.

Treatments for GDM aim to achieve satisfactory gly-
caemic control to improve the short-term and long-term
health of both mothers and babies. A wide variety of
management strategies, from lifestyle interventions
(such as diet and exercise) to pharmacological med-
ications (such as metformin and insulin), have been
assessed for their effectiveness and safety. A package of
care (a combination of treatments starting with dietary
modifications and/or exercise and/or pharmacologi-
cal treatments) is effective in reducing the risk of most
adverse perinatal outcomes of GDM, but the evidence is
of low quality***. An overview of Cochrane reviews also
found there is insufficient high-quality evidence about
the effects of various interventions in GDM**.

Prevention and long-term management of maternal
CMDs. To date, very limited evidence exists regarding
effective approaches for preventing the development of
maternal CMDs and their negative health outcomes.
An overview of Cochrane reviews was conducted on
the effects of various interventions (diet, exercise, diet
and exercise combined, dietary supplements, pharma-
ceutical management such as metformin, and the man-
agement of other health issues) for preventing GDM?*"".
The researchers found effects only for combined diet and
exercise interventions during pregnancy and supple-
mentation with myo-inositol, vitamin D and treatment
with metformin, but the evidence was of low to mod-
erate quality. In another Cochrane review**, the aver-
age risk reduction from lifestyle interventions on HDP
was 0.70 (95% CI 0.40-1.22; four trials, 2,796 women;
P=79%; low-quality evidence). The long-term impact
of lifestyle interventions on neonates, such as diabetes
mellitus and adiposity in adulthood and neurosensory
disability in later childhood, is rarely reported.
Lifestyle interventions include a wide variety of
components (for example, education, diet, exercise and
self-monitoring of blood levels of glucose). Currently,
no clear evidence is available of the effectiveness of
lifestyle interventions in preventing the development
of HDP. Probiotic-related interventions that target the
microbiota might be able to improve glycaemic control
in women with GDM?**. However, many aspects of pro-
biotic intervention remain unclear, including the under-
lying mechanism, type, dose and duration of probiotics
that are safe for administration during pregnancy, and
whether the offspring of mothers with GDM could have
long-term benefits from probiotic interventions*****’.
Contrary to the great achievements that have been
made by health professionals in understanding and
managing CMDs in pregnancy, patient education

lags greatly*"**. Self-management involving lifestyle
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modification and regular glucose monitoring is crucial
for the management of pre-existing diabetes mellitus
in pregnancy and GDM**. Improved understanding of
GDM, nutrition and self-management principles may
result in improved glucose levels and a reduction in the
number of individuals requiring insulin treatment”*>"’.

Interventions for maternal CMDs from the public health
perspective. CMDs in pregnancy have already become
a complex public health issue since they result in an
increased disease burden and generate a profound impact
on health worldwide. To tackle this public health prob-
lem and reduce disparity, a multilevel approach®* should
be adopted. In addition to prevention and treatment at
the individual level by addressing individual lifestyle
and behavioural factors that influence health, strategies
should be made at different levels and in conjunction
with multisector partnerships to improve societal and
community conditions by addressing the SODH.
Obesity™*~%" and certain dietary patterns such as
the Western dietary pattern® are risk factors for hyper-
tension and hyperglycaemia in pregnancy. Calcium
insufficiency’, and extremely young maternal age**
are also recognized risk factors for HDP. Policies and
measures to ensure food security, to help with die-
tary diversity and to delay marriage or first pregnancy

(for example, until after 20 years old) might therefore
help reduce the disease burden arising from CMDs
in pregnancy. Although study findings have been
inconsistent®**!*-*" poverty and poor living con-
ditions might be associated with the development of
CMDs in pregnancy'”. Given that environmental fac-
tors such as indoor air pollution'®*, passive smoking",
POPs, and endocrine disruptors'**'* might contribute
to an increased risk of developing either HDP or GDM
in pregnancy, legislation, policies, interventions and
advocacy activities for smoking cessation and pollution
control might lead to a decreased incidence of these two
disorders.

At the community and healthcare facility level, early
detection and proper management of CMDs during
pregnancy, tailored to various settings and populations
are crucial. In resource-limited areas where multi-
ple clinic visits might not be possible, a point-of-care
approach could be adopted. In addition, rural health
workers should receive enhanced training to improve
community-level detection and management of CMDs
in pregnancy. For example, the community-level inter-
ventions for pre-eclampsia (CLIP) trials in Mozambique,
Pakistan and India involved community engagement
and task sharing with community health workers for
triage and initial treatment of HDP in the local pregnant
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population. The findings from the CLIP trials suggest
that community-level interventions for women with
HDP can be successfully completed by community
health workers, but their numbers must be adequate to
provide at least eight antenatal care contacts to reduce
adverse outcomes™’. Among women who received eight
or more CLIP contacts (four in Pakistan), the probabil-
ity of health system and family cost-effectiveness was
>80%". However, the CLIP study did not generate a
statistically significant reduction in all-cause maternal
and perinatal mortality or morbidity. This finding sug-
gests that a focus only on community-level intervention
without facility enhancement is inadequate to improve
maternal and neonatal outcomes™”.

Several successful community-based GDM pro-
grammes have been conducted, some of which tar-
geted specific at-risk groups and addressed health
inequities. For instance, a programme with diabe-
tes mellitus-specific infrastructure including certi-
fied diabetes educator visits and diabetes group visits
was carried out in a high-risk population of pregnant
Latino women, and demonstrated improved glycaemic
control*®. Successful community-based diabetes melli-
tus programmes can serve as models for programmes
targeting diabetes mellitus in pregnancy. Consulting
and mobilizing effective and existing community and
village leadership and infrastructure enables the delivery
of community-based programmes. Several key elements
must be in place to implement these community-based
programmes: first, a data collection and tracking system
to capture and record the information from all sources
of patient care, interactions and outcomes that the pro-
gramme aims to achieve; second, a well-structured staff
team; third, a training schedule for all who will be par-
ticipating in programme delivery; fourth, health system
integration via a shared electronic medical systemy; fifth,
the identification of additional local resources that are
easily available to patients to assist them in achieving
their clinical and behavioural goals; and finally, ongo-
ing communication among all parties. Furthermore,
low-cost devices (such as an alert device or urinalysis
device) and mobile health technologies can also have
important roles in improving the outcomes of CMDs
during pregnancy in remote and resource-limited areas.

The current COVID-19 pandemic has greatly
disrupted health service delivery due to lockdown
policies, overwhelmed health-care systems and
exhausted health-care providers among other effects,
such as exacerbation of poverty. Maternal and neo-
natal health services are no exception, particularly in
resource-limited countries®. A prospective observa-
tional study was conducted in Nepal*”, which collected
participant-level data for pregnant women enrolled in
two other studies during the COVID-19 pandemic. The
study found that institutional childbirth was reduced
by more than half during lockdowns, along with an
increase in the institutional stillbirth rate and neonatal
mortality and decreased quality of care. Women with
CMDs, such as HDP and GDM, in pregnancy are at a
higher risk of adverse perinatal outcomes than those
with uncomplicated pregnancies and require more
intensive antenatal care. The COVID-19 pandemic
might therefore generate large negative impacts on this
population.

In terms of maternal CMDs, it was found that
COVID-19 and pre-eclampsia impact perinatal out-
comes (such as preterm birth, severe perinatal morbidity
and mortality) in an additive fashion*". T2DM is one
of the characteristics of patients who are at high risk of
severe COVID-19 or death’>~***. However, there are only
a limited number of studies in women with GDM who
are also infected with SARS-CoV-2. In the context of this
and future pandemics, especially when the lockdown of
general services occurs, it can be challenging for preg-
nant women to receive an oral glucose tolerance test and
for those with hyperglycaemia in pregnancy to receive
relevant health service visits for diabetes education, glu-
cose monitoring review, fetal ultrasonography and eye
testing®”. All these factors might lead to a decreased
quality of care and worsen outcomes for patients with
pre-existing diabetes mellitus in pregnancy and GDM.
Consequently, women with or at high risk of CMDs in
pregnancy should receive special attention and preven-
tive care during future emergencies and health service
disruptions.

Conclusions

Two major maternal CMDs, HDP and GDM, are related
to substantial short-term and long-term adverse health
outcomes for women and their offspring. HDP and
GDM have resulted in a large disease burden globally,
especially among LMICs. Much progress has been made
in understanding the disease burden, risk factors and
clinical consequences of HDP and GDM. However,
further research is needed to study the underlying
pathophysiology, to develop accurate and reliable early
screening and diagnostic tools, and to explore novel,
effective and safe treatment strategies at the popula-
tion level. Sensitive and reliable diagnostic criteria or
classification lay a solid ground for epidemiology and
clinical research. In addition to clinical management, a
multilevel public health strategy is required to ameliorate
the disease burden and to address the health inequities
related to maternal CMDs.
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