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1 | INTRODUCTION

Nausea and vomiting of pregnancy (NVP) is considered a normal
symptom of pregnancy. Hyperemesis gravidarum (HG), in contrast
to normal NVP, is a rare and debilitating disorder of pregnancy,
defined by the Windsor definition as nausea and vomiting, at
least one of which is severe, starting in early pregnancy (before
16 weeks gestational age), and which causes an inability to eat and/
or drink normally and strongly limits daily living activities.! HG has
important antenatal and postnatal consequences, some of which

are long-lasting, for both parent and child.? Currently, evidence
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Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting in pregnancy
affecting around 1%-3% of pregnancies worldwide and is the most common reason
for hospital admission in early pregnancy. HG can have lasting consequences for both
pregnant individuals and their offspring. Current best-practice management includes
symptomatic treatment with anti-emetic pharmacological treatment, rehydration if
needed, and psychological support. There is a lack of high-quality evidence on treat-
ment for HG. Future research should focus on understanding the cause, developing

effective treatment, and so limiting the burden of disease on patients and healthcare

hyperemesis gravidarum, nausea and vomiting of pregnancy, pregnancy disorder

on treatment options is limited: the Cochrane review, including all
trials on HG treatment, included just 2045 participants, of whom
931 had been enrolled in pharmacological trials,® and the included
studies were of low methodological quality. Treatment is, at pres-
ent, aimed at symptom reduction, but emerging knowledge on
the etiological pathways can open new avenues of management.
Better recognition and treatment of HG have the potential to
amend HG's detrimental effects on maternal, perinatal, and long-
term outcomes.

The aim of this narrative review is to highlight what is currently

known of HG and provide an overview of consequences of the
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disease and best-practice management, highlight current research,

and inform future research.

2 | EPIDEMIOLOGY

While up to 90% of pregnant people worldwide experience
NVP, HG is estimated to effect around 1%-3% of pregnancies.“’S
Geographically, HG seems to be more prevalent in western coun-
tries.® A history of HG is the single largest risk factor for (recurrent)
HG.” Recurrence rate estimates range from 15% from registry stud-
jes to 89% from cohort studies.”® Positive family history for HG, mul-
tiple pregnancy, primiparity, female fetal sex, younger maternal age,
and over- or underweight are each associated with an increased risk
of HG.”"*2 Recent research has shown that Growth Differentiation
Factor 15 (GDF-15) is implicated in the pathogenesis of NVP and HG,
with feto-placental production of GDF-15 and maternal sensitivity
both contributing to the risk of HG.*®

3 | CONSEQUENCES OF HG
3.1 | Maternal consequences

As described in the Windsor definition of HG, individuals with HG
are often unable to tolerate oral fluids and food.> HG is associated
with insufficient caloric intake and nutrient deficiencies and mater-
nal weight loss, or lack of maternal weight gain.“’15 Vitamin deficien-
cies can have severe consequences for mother and fetus. Thiamine
rapidly depletes in people with HG, due to low intake caused by
poor dietary intake and increased metabolic demand in pregnancy.*¢
Thiamine deficiency can lead to Wernicke's encephalopathy (WE),"
and ultimately Korsakov, and is associated with an very high rate of
fetal demise. Thiamine supplementation, which is critical in prevent-
ing WE in HG, is unfortunately not universally provided, as is evident
from the steady publication of case reports of HG-associated WE in
the literature.r’~2% In rare cases, HG can lead to vitamin K deficiency,
which causes maternal coagulopathy-related hemorrhage, embryo-
pathy, or neonatal intracranial hemorrhage.21 Women with at least
one admission for HG have an increased risk of venous thrombo-
embolism antepartum, at delivery, and postpartum which can be
fatal.2%2

Due to severely restricted fluid intake and/or excessive vomit-
ing, HG often leads to dehydration and electrolyte imbalances, in-
cluding hyponatremia, hypochloremia, and hypokalemia.23 In rare
cases, HG patients can develop severe consequences such as acute
kidney injury secondary to hypovolemia and arrhythmia-related
cardiac arrest secondary to severe hypokalemia.?? Treatment with
intravenous dextrose can precipitate severe hypokalemia in those
with existing mild hypokalemia, as well as bringing on acute WE.
Furthermore, secondary to extended periods of severely restricted
food intake, individuals with HG who are rapidly reintroduced to
nutrition are susceptible to refeeding syndrome, a condition of

electrolyte imbalances, including hypophosphatemia, hypokalemia,
and hypomagnesemia.?*-2%

Individuals with HG have a slightly increased risk of severe com-
plications during pregnancy, including placental abruption and pre-
eclampsia, particularly if HG persists into the second trimester, as
well as venous thromboembolism antenatally.>2227
Studies have shown that HG adversely impacts concurrent, as

h.28

well as future, mental healt However, the notion that HG is psy-

chogenic in its origins, while unsubstantiated, is pervasive and can
have detrimental effects on outcomes?’%: an uncaring attitude or
unawareness of the severity of the symptoms among their health-
care providers is associated with increased psychiatric burden and

emotional distress among those with HG,32-34

as well as delays in ap-
propriate treatment as outlined earlier. In general, those affected by
HG report increased rates of depression, anxiety, and post-traumatic
stress disorder (PTSD),?®*° and those with higher nausea and vom-
iting scores have higher rates of negative mental health outcomes
during and up to 4.5years after pregnancy. Depression and anxiety
symptoms and PTSD can outlast the pregnancy period.3> Many indi-
viduals with HG experience suicidal ideation while they are suffer-
ing from HG.2%%7 Termination of planned and wanted pregnancies
is not uncommon, as are postponing or curtailing future pregnan-
cies.®® Not being offered adequate treatment and negative attitudes
from their caregiver are potential influencing factors for considering

termination.38%?

3.2 | Offspring consequences

A systematic review, including 61 studies, found that HG was asso-
ciated with low birth weight, preterm birth, and neonatal intensive
care unit admission, or need for neonatal resuscitation.*° By con-
trast, HG was associated with reductions in macrosomia and reduc-
tions in stillbirth.*°

The consequences of HG for offspring are not limited to the di-
rect perinatal period. A systematic review and meta-analysis includ-
ing 1814785 offspring reported the long-term health outcomes of
children born to mothers with HG.** HG was associated with anxiety
disorder and sleep problems in offspring.41 The extent of the impact
of HG on long-term fetal health is still unclear; nor is it clear what
impact HG treatment may have on improving offspring health.

These findings align with wider research, which found that ef-
fects of exposure in utero to maternal malnutrition due to famine
leads to a wide range of unfavorable outcomes later in life, including
an increased risk of cardiovascular events, obesity, psychiatric out-

comes, and cancer.*?>"%

3.3 | Societal consequences

In addition to physical and psychological suffering, HG presents an
economic and societal burden. The National Health Service (NHS)
in the UK estimates an annual cost of up to £62 million due to
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NVP-related healthcare, including hospital admissions, general prac-
tice visits, and ambulance call-outs.*® Studies have shown that costs
increase with the severity of NVP.* Besides healthcare utilization
costs, work absenteeism is not uncommon among individuals with
HG.>° Specifically, hospital admissions lead to increased costs and
longer sick leave. Day care management of NVP is less costly and

t.°! Therefore,

equivalent in effectiveness to inpatient managemen
improved or more effective treatments hold a sizeable societal and

economic benefit, besides the medical advantages.

4 | BEST-PRACTICE MANAGEMENT
4.1 | Diagnosis

Hyperemesis gravidarum is a clinical diagnosis. The lack of a labora-
tory test to aid diagnosis, in combination with the fact that nausea
and vomiting is so common in pregnancy, contributes to the clini-
cal challenge of differentiating normal NVP from HG. The Windsor
definition for HG highlights the most important characteristics of
the disease and was partly created to assist in consistency in clini-
cal diagnosis.! The Pregnancy Unique Quantification of Emesis 24 h
(PUQE-24) score is a short and easy-to-use validated scoring tool
to quantify NVP severity and is most commonly used in clinical and
research settings to track symptom improvements following treat-
ment.>? Recently, a promising new tool containing 12 questions,
called the HyperEmesis Level Prediction (HELP) score, has been
developed to measure NVP severity; however, further validation is
needed to determine its role in HG care.>®

4.2 | Medical treatment

Treatment of HG is mainly aimed at symptom reduction to pre-
vent dehydration and malnutrition. In 2018, a Cochrane review of
treatments of HG, including 25 trials involving 2052 participants,
of whom only 931 patients were involved in pharmacological trials,
showed a lack of high-quality evidence for HG treatments.® The lack
of high-quality evidence was mainly due to the small sample size of
individual studies and compa\risons.3 The little available evidence ap-
plied different diagnosis definitions and measured a broad range of
outcomes, hampering aggregation of data.

In cases of threatening dehydration, rehydration therapy should
be started. Various rehydration regimens have proved to be effec-
tive, with outpatient day-case management often being chosen.>*%7
In areas where there are services available to provide intravenous
(IV) treatment at home, these services may be utilized for IV rehy-
dration at home for HG patients, as it has been associated with high
patient satisfaction in a pilot study.>® Clear criteria need to be es-
tablished for who is eligible for at-home rehydration treatment and
what treatment regimen is most appropriate.

According to the 2024 Royal College of Obstetricians and
Gynecologists (RCOG) guideline, the most appropriate rehydration

regime for HG patients is normal saline.*® Additional potassium
chloride in each bag is recommended by the RCOG and is often
pragmatically chosen based on a daily need of 60mmol. A fre-
quently used regimen is 3L of 0.9% NaCl with 20mmol of potas-
sium chloride administered IV over the course of 4h.>” The use
of dextrose infusions as fluid replacement could be an acceptable
form of partial parental nutrition, as long as electrolytes are care-
fully monitored before and after infusion to prohibit the risk of
dextrose solutions exacerbating hypokalemia, triggering refeeding
syndrome, or triggering WE in thiamine-deficient states.*®*? As
hypovolemic HG patients can be hyponatremic, hypochloremic,
and hypokalemic, monitoring of electrolytes is recommended
during rehydration treatment in such cases. Renal function mon-
itoring should also be considered in severe cases of HG as acute
kidney failure induced by HG has been described.®® Furthermore,
in cases of severe hypokalemia, ECG analysis should be considered
to rule out arrythmia.??

Antiemetic treatment is the current cornerstone of treatment
of HG (Table 1), although many drugs are not registered for use
in pregnancy and data on effectiveness and safety are limited.
First-line antiemetic treatment for HG consists of antihistamines
or phenothiazines, so-called H1 receptor antagonists, as their
safety profiles are well established during the first trimester of
pregnancy.61 These medications have not been demonstrated
to be effective in people with HG.>*® However, another first-
line antiemetic, the delayed-release combination of doxylamine
and pyridoxine (vitamin Bé) has shown an improvement in PUQE
score when compared with placebo in the treatment of mild-to-
moderate NVP.°2-%* Delayed-release doxylamine and pyridoxine is
the only licensed treatment of NVP and the RCOG guideline rec-
ommends it as a first-line option.*&%2

Metoclopramide and ondansetron are considered second-line
antiemetic treatments for HG.*8 Metoclopramide is considered safe
and effective; however, due to a risk of extrapyramidal effects, a
prescription should be provided with information on the potential
side effects, and treatment should be discontinued if such side ef-
fects arise.® Ondansetron should be considered as a second-line

treatment. One study found a slightly increased risk of orofacial

TABLE 1 Antiemetics used in the treatment of hyperemesis
gravidarum (HG).

First-line e Doxylamine-pyridoxine (10 mg doxylamine
antiemetics +10mg pyridoxine every 6 h)

e Cyclizine (50mg every 8h)

e Promethazine (25mg every 8h)

e Dimenhydrinate (25-50mg every 6h)

Second-line
antiemetics

Metoclopramide (10 mg every 8h)
Ondansetron (4 mg every 8h)

If conventional
treatment is
ineffective

e Corticosteroids (intravenous hydrocortisone
100 mg every 12 h, methylprednisolone
125mg; as soon as there is clinical
improvement, switch to oral prednisolone,
tapering schedule 40 mg (day 1), 20mg (days
2-3), 10mg (days 4-6), 5mg (days 7-14))
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clefting in babies born to individuals using ondansetron during the
first trimester.®®> However, due to extremely low absolute incidence
(14 per 10000 pregnancies compared with 11.4 per 10000 pregnan-
cies) some guidelines, including the RCOG guideline, state that use
should not be discouraged if first-line antiemetics are insufficiently
effective.*®¢> Individuals should be informed of potential side ef-
fects, which should be weighed against the risks of poorly managed
HG (including termination of pregnancy), and healthcare profession-
als should not avoid ondansetron as a second- or third-line treat-
ment in the first trimester.

If symptoms cannot be adequately contained with (combina-
tion) antiemetic treatment, corticosteroids should be considered.*®
Corticosteroids may reduce the frequency of vomiting and need
for readmission.>%® Due to well-known side effects of corticoste-
roids, which include their effect on immune, metabolic, and adrenal
function as well as fetal growth, this therapy is reserved for cases
in which other antiemetics have not provided sufficient relief.*®
Individuals using corticosteroids should have their blood pressure
monitored and should be screened for gestational diabetes melli-
tus.*® Fetal growth monitoring should be considered in cases with
prolonged use.

Combination of drugs should be used in individuals who have

t.*® Despite the fact

not responded to single antiemetic treatmen
that there is an absolute dearth of studies comparing multi-drug
combination antiemetic treatment in HG, synergism of antiemet-
ics from different classes has been the established best practice in
other conditions, including postoperative nausea and vomiting or
chemotherapy-induced nausea and vomiting.”¢® It is also important
to consider the route of administration of drugs for people with HG,
as oral medication is often poorly tolerated due to frequent vomit-
ing. For individuals with HG, antiemetic formulations, including buc-
cal melts, transdermal patches, and rectal administrations, should be
considered, if possible. In severe cases, parenteral or intramuscular
route of administration may be necessary.48

People with HG have insufficient nutritional intake.!41>¢?
Dietetic consultation may be helpful in expanding food choices,
prescribing oral nutritional support, monitoring nutritional de-

ficiencies, and optimizing intake.”®”*

If rehydration therapy and
antiemetics do not reduce nausea and vomiting to normalize nu-
tritional intake, parenteral or enteral nutrition supplementation
should be considered.*® Results on the efficacy of tube feeding
vary, with the result that there are no defined criteria for start-
ing parenteral or enteral tube feeding. A retrospective cohort in
Norway found that enteral nutrition provided for patients with in-
sufficient rehydration and partial parenteral supplementation was
associated with adequate maternal and favorable pregnancy out-
comes.”? Contrarily, a trial investigating tube feeding started on
the first day of admission in addition to standard care did not find
an improvement in birth weight or secondary outcomes.”® Both the
RCOG and American College of Obstetricians and Gynecologists
recommend enteral tube feeding to provide nutritional support
in those with HG who do not respond to antiemetic therapy.”*”®

Parenteral nutrition may be applicable to individuals with a long

course of HG and significant weight loss, but should only be used
as a last resort in those in whom enteral tube feeding is not possi-

ble due to the associated risk of complications.70

4.3 | Hospital admission and discharge

Hyperemesis gravidarum is the most common cause of hospital
admission in early pregnancy.‘c’o'n”77 Per country, the care for indi-
viduals with HG may be organized in different ways. In general, mild
cases of NVP can be cared for with single-agent transient antiemetic
treatment, oral hydration, sick days from work, and dietary coun-
seling. More extensive care is appropriate when primary care meas-
ures have failed or if symptoms include dehydration and inability to
tolerate food or fluids. Secondary care should be considered in the

following cases of nausea and vomiting with:

1. Clinical dehydration or weight loss (greater than 5% of body
weight), despite single agent or combination first line antiemetics.

2. Electrolyte imbalances.

3. Confirmed or suspected comorbidity in which HG symptoms
hamper intake of medications (e.g., urinary tract infection and in-
ability to tolerate oral antibiotics).

4. Comorbidities such as epilepsy, HIV, type 1 diabetes, or psychi-
atric disease in which HG symptoms hamper timely intake and

uptake of necessary medications

Hospital admission consists of rehydration therapy and review
of antiemetic treatment, and can often be completed as a day-
admission or in an outpatient setting. If individuals are admitted to
the hospital with prolonged vomiting and/or reduced intake and/
or weight loss, high single-dose parenteral thiamine supplementa-
tion should be administered in order to prevent WE and refeeding
syndrome.”‘48 Ketones have unjustly been considered a measure
of dehydration and thus been used to inform necessity for hospital
admission. However, ketonuria is not associated with HG disease se-
verity and should not be used to diagnose HG, or determine admis-
sion indication or length of hospitalization.”®

Among those admitted for HG, the chance of readmission is high,
between 28% and 60%,””° which should be discussed with patients
and accommodated for in care pathways. Antiemetic treatment will
need to be continued after discharge.8%®! People with symptoms
persisting in the second and third trimesters should be offered serial
scans to monitor fetal growth, as babies born to mothers with per-
sistent HG and/or low weight gain have an increased risk low birth

weight.40
4.4 | Psychological support
The care for HG should include offering professional psychologi-

cal care.®? Healthcare professionals should assess people's men-
tal health during pregnancy and refer to psychological support
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LOGY,

if necessary.*® Clinical assessment should be performed if there
is suspicion of depression, anxiety, postnatal depression, and/or
PTSD. Information from patient support groups, such as Pregnancy
Sickness Supportin the UK or the HER foundation in the USA, should
be provided to individuals and their partners.®3-8> As many as 25.5%
of individuals with HG suffer from occasional suicidal ideation,®®
thus suicidal ideation should specifically be assessed by healthcare
providers when assessing mental health status of individuals with
HG. As HG poses an increased risk of depression, anxiety, and PTSD
as long as 4.5years after pregnancy with HG,*® consideration should
be given to follow-up psychological care of individuals with HG be-
yond pregnancy. Pregnancy sickness-specific counseling may be ap-
propriate in people with HG.8% As many as 10% of people with HG
will terminate a wanted pregnancy due to their condition.3”%? The
full range of therapeutic options should be offered to an HG patient
before deciding that termination of pregnancy is the only option.3®
Few data are available on the best way to organize psychological
care for people with HG.

4.5 | Multidisciplinary care

Care for individuals with HG ideally is based on a holistic approach
with a multidisciplinary team. A study has shown that involvement
of a mental health professional in the care team of a person with
HG resulted in an improvement in quality of life and coping with the
impact of pregnancy.87 Emotional support and psychological and
psychiatric care should be available to persons with HG if requested
or required. Dieticians should be consulted to monitor their intake
and give nutritional advice, including supplementations via various
routes if indicated. If complications arise, designated subspecialties

should be consulted.

5 | HIGHLIGHTS OF CURRENT RESEARCH
AND FUTURE AREAS OF INTEREST

While the HG field of research has been expanding in recent years,
evidence on best-practice management of HG is still scarce. As the
prioritized list of HG research questions shows, the causes of HG,
more effective treatments, and the impact of HG on mothers and
babies are considered pivotal areas of future research.8®

The pathophysiology of HG was always considered multifac-
torial, although little was known about the mechanisms involved.
In recent years, however, emerging evidence has demonstrated
that variants in the GDF-15 gene, a gene coding for the hormone
that causes nausea and vomiting, and its receptor GFRAL-RET
are associated with HG.*® GDF-15 in pregnant persons is derived
from trophoblast production of GDF-15. Higher GDF-15 levels
in maternal blood are associated with an increased risk of vomit-
ing.13 Conversely, in the non-pregnant state, higher levels of cir-
culating GDF-15 were associated with a lower risk of developing
NVP or HG, establishing the hypothesis that maternal sensitivity

TRICS

to GDF-15 levels is influenced significantly by prior exposure to
the hormone before pregnancy.’® New insights into the etiology
can be harnessed to provide the base for new treatment options
such as GDF-15 receptor antagonists, or treatments targeting a

preconception increase in GDF-15 levels,®’

although given the
delicate timing of HG during embryonic development and or-
ganogenesis, safety aspects of any novel treatments need to be
rigorously investigated and balanced against efficacy and side ef-
fects. Pre-emptive intervention may significantly impact the inci-
dence, severity, and duration of HG pregnancies. Currently, NGM
pharmaceuticals is completing a phase 2 trial testing NGM120, a
GFRAL antagonist antibody, to see if it is safe and effective for
treating HG, which could be the first medical treatment using the
knowledge of GDF-15 for the basis of new treatment.”®

Furthermore, studies highlighting the consequences of HG
are bringing light to the scale of such sequalae. A recent prospec-
tive study from the UK aimed to quantify the extent of nutritional
deficiencies in HG.* This study found that intake of energy, car-
bohydrates, protein, fat, fiber, calcium, iron, zinc, thiamine, ribo-
flavin, folate, and vitamin C were all significantly lower in people
with severe NVP in their first trimester of pregnancy.14 The ef-
fects of nutritional deficiencies in the first trimester on fetal
health have been studied in other cohorts, such as the Dutch
famine cohorts.*?> Undernutrition during the early gestational
period is an established contributor to chronic noncommunica-
ble disease in adulthood, suggesting that HG may cause similar
effects.*? Clinicians should be aware that people with HG are
deficient in many nutrients, and proactive supplementation of at
minimum folate and thiamine should be considered. Nutritional
intake should be optimized with the help of a dietician. The op-
timal management for nutritional deficiencies in people with HG
should be better studied, as well as postpartum nutritional status
recovery and breastfeeding nutritional content following a preg-
nancy with HG.

Not only have consequences of HG been noted, but conse-
quences of suboptimal management of the disease have also
been described. A large retrospective cohort study from Denmark
found that only 50% of people with HG received any anti-
emetic treatment pre-hospitalization for the disease.’! The 2013
European Medical Agency (EMA) warning on metoclopramide, lim-
iting its use to 5days, further decreased the percentage of people
receiving antiemetic treatment pre-hospitalization.8? After the
EMA restriction on duration of metoclopramide usage was issued,
a decrease in gestational age at first hospitalization and an indi-
cation of increased rate of termination of pregnancy among in-
dividuals with HG was observed.®! This suggests that suboptimal
management of people with HG can lead to earlier hospitalization
during pregnancy as well as a potential increase in termination of
pregnancy. Optimal management of HG, including optimal timing
of treatment, is vital in minimizing consequences of HG. A similar
caution on the use of ondansetron, warning against its use in the
first trimester, based on a small increased risk of orofacial cleft-
ing, was issued by the EMA in 2019.°* Whether the 2019 EMA
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Suspected mechanism
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FIGURE 1 Suspected mechanism of hyperemesis gravidarum (HG) and associated adverse maternal and offspring effects. NICU, neonatal

intensive care unit; PTSD, post-traumatic stress disorder.

warnings on ondansetron mimic the effects of the 2013 EMA
warnings on metoclopramide is the subject of ongoing studies.

In order to better answer the research priorities for HG, steps
have been taken to standardize research in this field. First, the
Windsor definition for HG was published in order to assist in
clinical diagnosis and homogenize the definition of HG in study
populations to enable the possibility for meta-analysis.® Next, an
international consensus was achieved on a core outcome set for
trials on HG.”2 This core outcome set contains a list of 24 out-
comes in 10 domains that will help to standardize outcome report-
ing in HG research, furthering the opportunity for meta-analyses
and therefore providing more robust evidence on the effective-
ness of treatment options for HG.?? A core measurement set, a list
of instruments recommended to measure core outcomes, is also in
development. Improving outcome reporting in the field of HG will
provide more robust evidence to answer the questions still facing
the field today.

There is a lack of international guidelines for the treatment
of HG. Some countries lack a national guideline. By standardizing
care for persons with HG and exchanging information between
countries on optimal care through an international guideline, we
can increase the quality of care.”® The most appropriate combina-
tion of medical treatment should be further investigated with con-
sideration for efficacy and adverse effects. Individuals with HG
should be offered medical treatment based on robust evidence
in the future. Furthermore, how to best organize care for people
with HG is an important factor to consider. Evaluation of the feasi-
bility and patient satisfaction with home or community-based care
should be further investigated. Medical care for individuals with
HG often ends once symptoms subside or once delivery has taken
place. With the potential for long-term effects, there should be
some follow-up available to people with HG. This follow-up should
include help with family planning in case this is desired, and psy-
chological follow-up given that 20% of HG patients are left with
PTSD postpartum. Lastly, due to the high recurrence rate of HG

preconception, counseling should be offered to those wanting to

get pregnant after a previous HG pregnancy.

6 | CONCLUSION

Hyperemesis gravidarum is a severe condition of pregnancy and
should not be left untreated. HG has a high burden on individuals,
their offspring, and the healthcare system. Antiemetics are the cor-
nerstone for treatment (Table 1). Future research should be aimed
at providing robust evidence regarding effective treatment for HG.
Current research has started to answer questions surrounding the
etiology and effects of HG. Perhaps with this knowledge, future
treatments can aim at specific biological targets in order to limit

maternal and offspring consequences of HG (Figure 1).
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