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Chapter 1

Hyperemesis gravidarum: what is it?
Nausea and vomiting symptoms are common in early pregnancy and occur in the majority 

of pregnancies.1 Hyperemesis gravidarum (HG) is a more serious condition, consisting of 

intractable vomiting in pregnancy often leading to dehydration, electrolyte disturbances 

and weight loss.1 HG prevalence estimates range from 0.3 to 3%, depending on definition, 

which would amount to each year around 2000 pregnant persons suffering with HG in the 

Netherlands and up to 1.5 million worldwide .2-4 Persons with HG frequently require hospital 

admission, with HG being the most common reason for hospitalisation in the first half of 

pregnancy.5, 6 Symptoms often subside by about 20 weeks gestation, but some people suffer 

with HG until delivery.7, 8 Until recently, there was no consensus on the definition of HG, leading 

to a diversity in patient characteristics and symptom severity in various studies, which frustrated 

attempts to aggregate data in meta-analyses as well as leading to lack of uniformity in clinical 

care.9 Subsequently, this has led to research waste due to the inability to aggregate available 

evidence. In 2021 an international consensus definition was published, developed by a multi-

stakeholder group, including health care professionals, researchers and HG patients and their 

families, using a modified Delphi procedure.10 HG is now defined as a condition characterized 

by severe nausea and/or vomiting, an inability to eat and/or drink normally and which strongly 

limits daily activities, in which symptoms started in early pregnancy (before a gestational age 

of 16 weeks).10 The agreement on a uniform definition of HG might eventually lead to a larger 

proportion of the pregnant population being diagnosed with HG.

Aetiology
Back in the 19th and early 20th century, HG was considered to be psychological disease. Although 

this stigma still remains nowadays, several other theories about the aetiology of HG have 

been studied since the end of the 20th century. Human chorionic gonadotropin (hCG) is most 

often hypothesized to be causally involved with HG, since hCG levels increase during the first 

trimester, similar to the peak incidence of nausea and vomiting in pregnancy.11 A meta-analysis 

however, found the association between hCG and HG to be inconsistent.11 Thyroid dysfunction 

has also been thought to contribute to the etiological pathway to HG, due to the similarity 

between HG and some symptoms of hyperthyroidism, as well as the fact that hCG can lead 

to thyroid stimulation (‘Gestational transient thyrotoxicosis’).12, 13 Furthermore, Helicobacter 

Pylori has been suggested to play a role in the aetiology of HG.14 Additionally, there are studies 

suggesting a genetic cause: an association was found between two appetite and cachexia 

genes, GDF-15 and GFBP7, and HG.15, 16 These findings add to the evidence of a role for genetics 

in studies that showed a high hereditary rate for HG, with sisters of HG sufferers having an 
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18-fold increased risk for developing HG.17 However, since none of these pathways offer an 

adequate explanation for HG, it is likely that HG has a multifactorial aetiology.11

Treatment
There is a lack of a curative treatment for HG, and research for finding a cure is complicated 

by the multifactorial origin of the disease. Current treatment for HG consists of a symptomatic 

approach, including anti-emetics, vitamin supplementation, intravenous rehydration and, in 

more severe or long lasting cases, tube feeding.1 Little evidence is available on the effects of 

these currently available treatments and many of them are not evidence based.

A Cochrane systematic review from 2016 summarized evidence on available treatments for 

HG.18 One of their important findings was that, besides the limited studies available on non-

pharmacological interventions for HG, outpatient and inpatient care had similar maternal and 

neonatal outcomes. It also concluded that none of the available pharmacological treatments 

could be considered superior to any other. High quality evidence was lacking, with only a few 

placebo controlled trials available, leading to insufficient evidence available to draw any firm 

conclusions. However, studies evaluating ondansetron showed that ondansetron has less side 

effects than for example metoclopramide, while their effectiveness seems comparable, an 

important matter that should be taken into account in clinical practice.19-21 Additionally, the 

use of anti-emetics among HG patients is challenged by concerns of the risk of congenital 

abnormalities. For example, a recently published study from the United States of America 

showed a small increased risk of the foetus developing oral clefts in mothers using ondansetron 

during the first trimester of pregnancy compared to offspring of mothers without ondansetron 

use (0.14% versus 0.11%). Subsequently, the Dutch Association Of Obstetrics and Gynaecology 

(NVOG) sent out a warning that ondansetron should not be advised as treatment for HG in the 

first trimester, despite the fact that this increased risk is very small and that little other (anti-

emetic) treatments are available.22

Currently, existing pharmacological treatments are being evaluated for their effectiveness and 

safety in HG. Two small randomized controlled trials showed that gabapentin and clonidine led 

to improvement of symptoms,23, 24 and at the moment an RCT is being carried out, evaluating 

whether mirtazapine would be an effective treatment for HG.25 Nonetheless, these treatment 

options again are aimed at symptom control, and do not amount to a cure for HG. The Priority 

Setting project assisted by the James Lind Alliance, published in 2021, states that ‘Finding a 

Cure’ is the number one priority in future HG research.26

1
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HG’s impact on pregnant people
HG has an enormous impact on the wellbeing and quality of life of HG sufferers as HG can 

lead to both physical and psychological health problems.30, 31 Maternal physical complications 

are mostly due to vomiting, subsequently leading to undernutrition and dehydration, and can 

consist of hypokalaemia, hyponatraemia or anaemia.32 Additionally, HG has been associated 

with an increased risk of patients developing a venous thromboembolism, probably caused 

by dehydration and immobilization, a severe condition that is the leading cause of deaths 

among pregnant people in the United Kingdom.33, 34 In rare cases, Wernicke Encephalopathy, a 

neurological condition due to vitamin B1 deficiency, can occur.35 HG has, next to severe physical 

discomfort, also an enormous impact on maternal wellbeing.30 Social life, work and other day 

to day activities are limited by the disease, which affects the quality of life of HG sufferers.30, 31 

This is an important aspect of the disease, illustrated by the fact that ‘HG symptoms strongly 

limiting daily activities’ is included as one of the required criteria in the newly developed 

definition of HG.

Depression and anxiety symptoms are frequently reported while suffering from HG.36 The 

literature on this topic strongly suggests that poor mental health can persist until after 

pregnancy, illustrated by the fact that approximately 20% of people go on to develop 

posttraumatic stress disorder (PTSD) after a pregnancy complicated by HG.37, 38 The severe 

effect of HG on sufferers’ wellbeing is perhaps best demonstrated by the fact that an estimated 

5-10% of pregnancies, despite being planned and wanted, are terminated with HG stated as 

the only reason for termination.39, 40 Altogether, evidence so far shows worrying high numbers 

of HG sufferers terminating otherwise wanted pregnancies and maintaining or developing 

mental health problems in later life. However, only little evidence is available and more research 

is needed, for example to investigate whether there is an association between HG severity or 

other predictive factors and higher HG recurrence or termination rates or the risk of people 

with HG developing mental health issues to focus on preventative treatments in the future.

Health outcomes of offspring born to people with HG
Animal studies as well as human studies of people born in periods of famine globally have 

previously shown that undernutrition in pregnancy can lead to adverse long-term health effects 

in offspring, such as diabetes and cardiovascular diseases.41-45 There is also mounting evidence 

that ties HG to adverse health outcomes in offspring. A systematic review and meta-analysis 

from 2012 showed that offspring born to people with HG are more likely to be born preterm, 

to be small for gestational age and to have lower birth weights.46 There are also indications 

that HG can lead to long term health effects in offspring. HG exposure in utero might lead to 
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an increased cardiovascular and diabetes disease risk in later life,47-49 and offspring of people 

with HG are also more likely to develop neurodevelopment and mental health disorders.50, 51 

Additionally, there are studies suggesting that HG exposure in utero leads to an increased risk 

for male offspring developing testis cancer.52, 53 Many studies published on long-term effects 

however consisted of small study populations. In order to draw definitive conclusions on the 

effects of HG on offspring long-term health, there is need for a more up-to-date review that 

gives an overview of currently available (and lack of) evidence and whether there is evidence 

available that investigates a possible dose-effect response.

Aims and outline of this thesis
Research on the topic of HG has seen an upward trend, both in quality, quantity, and in its 

alignment with patients’ priorities. However, there are still many gaps in research:

- First, it is unclear how much evidence is available for the top 10 priorities in HG research 

that have recently been listed by patients and clinicians.

- Secondly, prognostic tools or markers for HG severity and prognosis, which can help 

patients and health care professionals to individualize treatment, have yet to be identified.

- Third, the recurrence rate in current literature varies from 15 to 81%, which hampers 

informative counselling during preconception consultation for people who suffered from 

HG in a previous pregnancy. More research is needed to narrow this range and to identify 

risk factors for an increased HG recurrence risk in subsequent pregnancies.

- Fourth, although there is overwhelming evidence that HG is associated with depression and 

anxiety during pregnancy, little is known about maternal mental health in the postpartum 

period and in later life.

- Finally, the effects of HG exposure on the fetus (both perinatal and long-term effects) 

remain unclear, with the latest systematic review summarizing evidence on this topic being 

outdated, as it was performed almost ten years ago.

Therefore, this thesis will address the following research questions:

1
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Part I includes chapter 2 that describes available evidence for the Top 10 most urgent research 

questions in HG developed by patients, carers and health care professionals, in order to easily 

identify current knowledge gaps in HG to prevent research waste in the future.

Part II studies the effects of HG on maternal health during and after HG. In chapter 3 we 

assessed whether thyroid function can be used as a marker and predictor for HG disease 

severity. Chapter 4 addresses the recurrence rate of HG in a prospective cohort study. The 

proportion of people to postpone pregnancies due to their history of HG, and the number of 

terminations of pregnancy due to recurrent HG is described. In chapter 5, in the same cohort, 

we report on the proportion of people with HG with depression, anxiety and PTSD symptoms 

on average 4.5 years after their index pregnancy with HG. Chapter 6 provides an overview of 

literature reporting on vitamin K deficiency during HG and the corresponding maternal and 

neonatal complications, including maternal haemorrhage and congenital anomalies.

Part III describes the effects of HG on perinatal outcomes and offspring health. Chapter 

7 is a systematic review and meta-analysis that gives an overview of fetal and neonatal 

outcomes among offspring born to people with HG, while chapter 8 is a systematic review 

of available evidence on offspring health outcomes beyond the perinatal period. Chapter 9 is 

an observational cohort study that answers the question whether HG can induce changes in 

cardiometabolic markers in offspring cord blood and the possible beneficial effect of maternal 

early enteral tube feeding on these cardiometabolic markers.
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ABSTRACT

Objective
Knowledge gaps regarding hyperemesis gravidarum (HG) are substantial. We aimed to 

systematically identify and map recent evidence addressing the top ten priority questions for 

HG, as published in 2021 in a James Lind Alliance Priority Setting Partnership.

Design
Systematic evidence map

Methods
We searched MEDLINE and EMBASE on 12th January 2021 and CINAHL on 22nd February 2021 

with search terms hyperemesis gravidarum, pernicious vomiting in pregnancy and their 

synonyms. Results were limited to 2009 onwards. Two reviewers independently screened titles 

and abstracts to assess whether the studies addressed a top ten priority questions for HG. 

Differences were discussed until consensus was reached. Publications were allocated to one or 

more top ten research questions. Study design was noted, as was patient or public involvement. 

Two reviewers extracted data synchronously and both cross-checked 10%. Extracted data was 

imported into EPPI Reviewer software to create an evidence map.

Outcome measures
The number and design of studies in the search yield, displayed per the published ten priority 

questions.

Results
Searches returned 4338 results for screening; 406 publications were included in the evidence 

map. 136 publications addressed multiple questions. Numerous studies address the immediate 

and long-term outcomes or possible markers for HG (question 8 and 9, respectively 164 & 

82 studies). Very few studies seek a possible cure for HG (question 1, 8 studies), preventative 

treatment (question 4, 2 studies) or how to achieve nutritional requirements of pregnancy 

(question 10, 17 studies). Case reports/series were most numerous with 125 (30.7%) included. 

Few qualitative studies (9, 2.2%) were identified. 25 (6.1%) systematic reviews addressed eight 

questions, or aspects of them. 31 (7.6%) studies included patient involvement.
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Conclusions
There are significant gaps and overlap in the current HG literature addressing priority questions. 

Researchers and funders should direct their efforts at addressing the gaps in the top ten 

questions.

Strengths and limitations of this study
• The ten questions mapped were identified and prioritised by patients and clinicians using 

the James Lind Alliance method, thereby ensuring their relevance and importance.

• A broad overview of the research landscape of the top ten priority questions for hyperemesis 

gravidarum is provided, and gaps can be easily identified in this visual presentation.

• We translated 21 articles but were unable to translate 18 foreign language studies, 

particularly those in Arabic and Iranian, which may be seen as a limitation.

• Many of the excluded studies were abstracts which had not been published as an article, 

highlighting the need for researchers to ensure their research is published.

• Search results were limited to 2009 onwards. Older literature may be informative but was 

not in the scope of this review.

2
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BACKGROUND

Hyperemesis gravidarum (HG) affects approximately 1.1% of pregnant women globally.1 The 

condition is characterised by extreme levels of nausea and vomiting leading to complications 

such as dehydration and malnutrition.2 HG accounts for severe physical and psychological 

morbidity for women affected,3-5 and where symptoms lead to malnutrition in the mother, there 

may be lifelong consequences for the exposed offspring.6, 7

Prior to the rapid advance of Intravenous (IV) therapies in the early 1960’s, HG was well 

documented and researched as it was a common cause of death in early pregnancy.8, 9 However, 

with the dawn of the psychosomatic era and with the invention of IV therapy, interest in the 

condition declined and HG patients were commonly mislabelled as psychiatric; an attitude which 

has persisted into the current century.10 The incorrect psychiatric labelling of HG can lead to 

further stigmatisation and consequently a lack of interest in HG research.11 Additionally, the little 

research that has been done into HG has been hampered by factors such as a lack of definition 

and standard outcomes rendering research too heterogeneous and unfit for meta-analysis.12 

Two recent systematic reviews of treatments for nausea and vomiting in pregnancy (NVP) and 

HG were unable to draw conclusions due to the heterogeneity of the studies included.13, 14 

However, researchers are now seeking to lay solid foundations for future research such as with 

an internationally agreed definition and by mandating a set of core study outcomes required for 

publication, which could each contribute to limit heterogeneity of individual studies.15

The chasm between the questions patients and clinicians want answers to and the questions 

research has been seeking to answer, is an important underlying factor for research waste.16 The 

recent introduction of patient and public involvement (PPI) in the research process from question 

development to outcome dissemination is aimed at closing this chasm.17 Ensuring that research 

funding is directed to the most important and useful projects can significantly reduce research 

waste.18 A recent James Lind Alliance (JLA) Priority Setting Partnership for HG, which benefited 

from thorough PPI throughout, identified the top 10 priority questions for researchers to address 

over the coming years.19

The aim of the present evidence mapping project was to systematically identify the number and 

design of published literature addressing the top ten priority questions for HG. The systematic 

evidence map (SEM) we aimed to produce should help researchers and funders identify the areas 

of greatest need and potential benefit thereby reducing research waste and maximising value. 

We additionally aimed to map patient and public involvement in HG research.
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METHODS AND ANALYSIS

Study design
Systematic Evidence Map methodology is a systematic approach to identifying gaps in 

knowledge and future research needs of a particular topic using transparent and robust 

methods.20, 21 It aims to create a visual matrix of current evidence without further appraisal of 

the quality of the evidence.22

A preliminary search of Prospero and key databases for published studies and protocols was 

conducted to rule out other SEM projects or similar scoping review for HG; no such studies or 

protocols were identified.

A methodological framework combining the Arksey and O’Malley23 scoping studies approach 

and the Campbell Collaboration24 protocol template for evidence maps was adopted, which at 

the time of development was a pragmatic approach to use the most established methods to 

date for SEMs. The Campbell Collaboration is an organisation promoting the use of systematic 

evidence synthesis for positive social and economic policy and practice change.25 It has 

produced standards for SEMs which we have incorporated into this project such as defining 

the search strategy, objectives, inclusion criteria, eligibility criteria, categories, restrictions and 

so on, in advance in order to expand the below stages.24

The Arksey and O’Malley steps which were incorporated in our approach are as follows:23

Stage 1: identifying the research question(s)

Stage 2: identifying relevant studies, i.e. conducting the searches

Stage 3: study selection i.e. screening and selecting those fitting the eligibility criteria

Stage 4: charting the data

Stage 5: collating, summarising, and reporting the results

Patient and Public Involvement (PPI)
The authors of this SEM are fully committed to patient involvement in HG research which 

adds significant relevance to research findings.26 The lead author (CD) and MEO are both HG 

patients themselves and are experienced advocates of patients with HG. Patients have co-

created this work with clinicians and academics; An HG patient and advocate, created the 

concept, conducted the research and wrote the manuscript, while experienced academics 

and clinicians acted as supervisors and collaborators. Additional patients and clinicians 
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were consulted throughout the process (See acknowledgements section): researchers and 

clinicians opinions were sought during online meetings and phone calls and patients from 

England were shown early versions of the SEM during informal volunteer online meet-ups on 

the usefulness of the map and the categories for them. Trustees of the charities Pregnancy 

Sickness Support (United Kingdom (UK)) and Hyperemesis Ireland, whose boards consist of 

patient representatives, clinicians and/or researchers, provided feedback after the final SEM 

was presented during an online meeting.

Ethics approval statement
The SEM project does not require ethical approval. Patient and Public Involvement for this 

research did not require ethical approval. See Supplementary File 1 for Health Research 

Authority confirmation on non-research status.

Stage 1: Identifying the research questions
A James Lind Alliance (JLA) Priority Setting Partnership (PSP) for HG was conducted between 

2017-2019, which brought together patients, their caregivers and offspring and healthcare 

professionals involved in HG care, to identify the top ten most pressing, unanswered 

research questions.19 Table 1 provides the resulting top ten questions which form the 

basis for this project. For full details of the JLA project, including methods, data collection, 

participant recruitment, countries represented, the prioritisation process and how the 

questions were developed, please refer to the published research available at: doi:10.1136/

bmjopen-2020-041254.

Table 1. Top ten unanswered research priority questions* for hyperemesis gravidarum, in ranked order 
of importance from one as the most important19

Ranking Question

1 Can we find a cure? What novel or new treatments are being developed/tested/used 
elsewhere which could have a curative effect and to address all the symptoms of HG 
rather than just the vomiting?

2 How can we most effectively manage HG? What clinical support measure is most 
important to people who have had hyperemesis and what did they find most 
beneficial? E.g. medical management, pharmaceutical review, nutrition support, 
rehydration, psychological support

3 What causes HG?

4 Is HG preventable? What is the effect of preventative treatment or early intervention on 
the severity and duration of HG in a subsequent pregnancy?

5 What are the immediatea and long-term effectsb of HG (including malnutritionc and 
dehydrationd, stresse) on the developing fetus (offspring)?
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Table 1. Continued

Ranking Question

6 What are the immediatea and long-term effectsb of the various medications/treatments 
on the developing fetus (offspring) throughout the various stages of pregnancy and in 
varying doses or combinations of treatments?

7 What are relativef efficacies of the current medications and treatment options available? 
What is the optimal dose, route, timing and combination of the medications and what 
are the related side effects?

8 What are the immediatea and long termb, physical, mental and social consequences 
and complications of HG (including malnutrition and dehydration) on the pregnant 
person’s body? (ie. Metabolic impact, DVT, depression, effects of dehydration)

9 What clinical measurements and markers are most useful in assessing, diagnosing, 
managing and monitoring HG?

10 What are the nutritional requirements of the 1st, 2nd and 3rd trimesters and how can 
people with HG achieve these goals? i.e. Oral supplements, fortifying food, dietary 
measures

*The phrasing of the questions was established using the JLA consensus method therefore we were not able to alter the phrasing 
in the writing of this manuscript. a Immediate effects relates to those during the perinatal period. b long-term effects relates to any 
time after the perinatal period. c example indicators of malnutrition include weight loss or nutritional intake. d example indicators of 
dehydration include need for IV rehydration or urine output. e Stress could be measured with questionnaires. f relative to each other.

Stage 2: identifying relevant studies

Search Strategy

The original search strategy was devised and conducted electronically by a Medical Information 

Specialist (author RS) in 2019 as part of the JLA PSP evidence check process. This search sought 

to identify if any questions could be considered answered with enough evidence of sufficient 

quality. This has been described in detail previously and includes the protocol.19 For this SEM, 

the searches were repeated. MEDLINE and EMBASE were searched from inception to the 12th 

of January 2021 by RS using the following broad terms:

hyperemesis gravidarum/ or ((“excessive vomiting” or (pernicious adj3 vomiting) or 

hyperemesis) and (gravid* or pregn* or gestation or antenatal)).mp.

Additionally, the Cochrane Library was searched electronically by CD in collaboration with 

RS, using the term “hyperemesis gravidarum”. A further CINAHL search was conducted with 

the same strategy by RS on the 22nd February 2021, as a deviation from the protocol, because 

the reviewers noticed that certain papers from nursing and midwifery journals had not been 

returned in the original searches.

The searches are detailed in Supplementary File 2.

2
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Eligibility criteria

Inclusion and exclusion criteria

To be eligible, publications had to study women with HG, or their offspring, and address any 

aspect of any of the top ten questions. All study designs and languages were eligible. We did 

not apply a minimum study size for eligibility. The steering group for the PSP agreed that due 

to the paucity of HG research and changing attitudes to HG treatment in the last decade, a ten 

year limit was most appropriate.19 Since the first search was performed in 2019, we excluded 

articles published prior to 2009.

Abstracts (from conference oral presentations or posters) were excluded if full texts for the 

same study were not found. Review articles in which search methods were not described were 

excluded as narrative reviews. Reviews which describe their study as a systematic review were 

included as such. Reviews which described their methods including databases and search 

terms used, but did not fit generally accepted criteria for a systematic review such as following 

a protocol, screening and data extracting in duplicate or assessing risk of bias,27 were labelled 

as literature reviews. Protocols for systematic reviews, randomised controlled trials, cohort or 

case-controlled studies and qualitative studies, which were published in peer-review journals 

and did not yet have a corresponding publication of results, were included. The addition of 

protocols was aimed at offering researchers information about research currently underway 

in order to reduce research waste and potentially aid collaboration.

Defining Hyperemesis Gravidarum

Other systematic review protocols have highlighted the challenge of defining the condition of 

HG itself.28 A historic lack of clinical definition has hampered HG research efforts globally and 

made meta-analysis difficult due to heterogeneity within the studies.12, 29 This review took the 

same approach as other systematic reviews which have included articles that describe HG, 

regardless of how that is defined. We excluded studies which only included mild to moderate 

NVP, but included studies where severe NVP was explicitly described.

Stage 3: Study Selection
Two reviewers (CD and KN) independently screened titles and abstracts to establish if they may 

be eligible for inclusion according to the criteria above, using Rayyan software,30 and met to 

discuss differences, such as whether the study relates to a top ten question or not. In case of 

disagreement, a third reviewer was consulted (RCP). The reviewers labelled relevant references 

with the top ten priority question they related to. Full texts were retrieved for full screening. 

Foreign language papers were translated using Google Translate online where possible and 
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authors were contacted where full texts were unfindable via online library sources. Full text 

eligibility screening was conducted independently by the two reviewers for 50% of the texts 

each, followed by checking 10% of each other’s. Discrepancies were discussed until consensus 

was reached. Publications meeting the inclusion criteria detailed above were included.

Stage 4: Charting the data
The two reviewers independently extracted data from the full texts, completing 50% each, 

again checking 10% of each other’s. An Excel data charting form was used to extract key 

information which included:

• The top ten question it addressed

• Author(s), full reference, year of publication

• Country

• Abstract

• Aims of the study

• Study design

• Reporting of PPI

• Outcome measures

• Results

Defining Patient and Public Involvement (PPI) and Patient Authorship

INVOLVE is a UK government funded programme established to support active PPI in medical, 

health service and social care research; it defines PPI in research as “research being carried out 

‘with’ or ‘by’ members of the public rather than ‘to’, ‘about’ or ‘for’ them”.31 They further define 

the term “public” as patients, potential patients, carers and people who use health and social 

care services as well as people from organisations that represent people who use services.31

PPI was considered to be included if a manuscript explicitly describes how it was included, if 

one of the author’s affiliation was a patient organisation for HG, or if an author specified that 

they experienced HG within the manuscript.32

Stage 5: Collating, Summarising and reporting the results
Research was categorised according to the top ten priority questions and some questions were 

further labelled with subcategories which were identified and constructed from the studies 

during the data extraction process, see Table 2. These categories were discussed with clinical 

research colleagues to ensure they were relevant and reflective of the research. Studies with 

2
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ambiguity around its categorisation were also discussed with clinical research colleagues and 

a patient representative. Research was next categorised according to study designs: Reviews, 

randomised control trials (RCT), cohort studies, case-control studies, qualitative studies, surveys, 

and case reports/series. These were further categorised as either systematic or literature 

reviews, either prospective or retrospective for cohorts and case-control studies, and either 

case reports or case series. Other designs did not require further subcategories.

Table 1. Question subcategories which emerged during data extraction

Question* Subcategories

Q2: How can we most effectively manage HG? • Outpatient treatment
• Intravenous treatment
• Tube feeding
• Other treatments

Q3: What causes HG? • Genetic studies
• Helicobacter pylori
• Laboratory studies of other factors e.g. hCG
• Psychosocial factors
• Other causes

Q5: What are the immediate and long-term effects 
of HG on the fetus?

• Perinatal outcomes
• Long-term outcomes

Q7: What are the relative efficacies of current 
treatments?

• Anti-emetics
• Steroids
• Other treatments

Q8: What are the immediate and long-term effects of 
HG on pregnant people?

• Psychosocial effects
• Wernicke’s encephalopathy
• Other maternal complications due to HG
• Long term maternal health
• Metabolic impact (laboratory results)
• Other outcomes

Q9: What clinical measurements and markers in 
HG are available and most useful in assessing, 
diagnosing, managing and monitoring HG?

• Psychosocial measurements
• Helicobacter pylori as marker
• Other laboratory markers
• HG assessment questionnaires
• Other assessments

*Questions 1, 6 and 10 did not require subcategories

Data was then imported into the EPPI-Reviewer software33 which is an online tool designed 

to generate a bubble map. Bubble maps present evidence visually with circles whose size 

represents the number of studies. The top ten questions and their subcategories are on the 

X-axis and methodologies used in the studies are on the Y-axis. Inclusion of PPI in research 

categories were assigned colours for a third-dimension representation within the map. 
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Additionally, the country of the studies was labelled for convenient identification of research 

output by country through the filter function of the software.

Where there was potential ambiguity over categorisation articles were discussed with a third 

author (RCP) and external justification for labelling sought, e.g. A treatment was considered 

new or novel if it does not currently appear in national guidelines in the UK, USA or Netherlands 

(i.e. gabapentin, clonidine, cannabis and mirtazapine).

RESULTS

Identification of studies
Figure 1 shows the Prisma flow chart of the selection process. The combined searches yielded 

5821 eligible citations, of which 2435 were excluded because of being published before 2009. 

After initial screening of title and abstract, 624 remained for full text assessment.

Reasons for exclusions
Of the 624 a further 218 studies were excluded (SeeSupplementary File 3). While 21 

included articles were translated, we were unable to translate a further 18 articles which were 

predominantly written in Persian or Arabic. 126 studies were presented only as an abstract or 

poster and were therefore excluded, and we were unable to obtain full texts for a further 17 

articles despite requests to the authors. 16 of the 624 studies were deemed not to be about 

HG when the full text was reviewed. A further 17 articles were commentaries or letters referring 

to other research and 24 were excluded for other reasons such as being a general discussion, 

background article or narrative review.

A total of 406 studies were included in the final SEM. See Supplementary File 4 for the full list 

with labels. Interactive spreadsheets are available at: https://www.hgresearch.org/hgmapfiles

2
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Bubble Map
The Interactive map is available online at www.hgresearch.org/hgmapfiles, and as Figure 2 

as a static image without expanding subcategories.

Figure 1. PRISMA Flow chart of inclusions and exclusions
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Characteristics of studies
Table 3 shows the number of studies according to study design. There was some overlap as 

five studies incorporated more than one design, for example a prospective case-control study 

which also included a qualitative element.34 Case reports/series and case-control studies were 

most numerous with 125 and 124 identified respectively. Of the 406 included papers, only 25 

were systematic reviews and 21 were RCTs. The majority of the studies included originated 

from Europe and the USA (66%, 275/406).

Table 3. Studies included in systematic evidence map for hyperemesis gravidarum, presented according 
to their method

Method** Number of 
studies

Method Subcategory Number of 
studies

Reviews 34 Systematic Review 25

Literature Review 9

RCT* 21

Cohort Studies 85 Prospective Cohort Study 41

Retrospective Cohort Study 44

Case-Control Studies 124 Prospective Case-Control Study 109

Retrospective Case-Control Study 15

Qualitative Study* 9

Surveys* 13

Case Reports/Series 125 Case reports 115

Case Series 10

Total 411

*Randomised Control Trials, Qualitative studies and Surveys did not require subcategories.
**Method categories were not mutually exclusive.

Results per question
Figure 3 shows the number of studies identified per question which ranged from two studies 

addressing preventing HG (question 4) to 164 studies addressing the effects and complications 

of HG (question 8). 136 studies addressed more than one question. Where more than nine 

references are described please refer to Supplementary File 4.

Question 1 – Can we find a cure? What novel or new treatments are being developed/tested/used 

elsewhere which could have a curative effect and to address all the symptoms of HG rather than just 

the vomiting?
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Eight studies assessed whether four different novel treatments could have a beneficial or 

curative effect on HG. Of these, two were RCTs (one assessing transdermal clonidine35 and one 

assessing gabapentin36), two were prospective cohort studies also assessing clonidine37 and 

gabapentin,38 one was a survey study of cannabis use in pregnancy for sickness,39 and three 

were case reports (one of cannabis40 and two of mirtazapine).41, 42 The RCTs and cohort studies 

also reported fetal outcomes while the other studies did not.

Figure 3. The number of studies identified per top ten question included in the evidence map for 
hyperemesis gravidarum.

Question 2 – How can we most effectively manage HG? What clinical support measure is most 

important to people who have had hyperemesis and what did they find most beneficial? E.g. medical 

management, pharmaceutical review, nutrition support, rehydration, psychological support

A total of 54 studies were identified regarding management of HG. Five systematic reviews 

were identified, four of which were almost identical assessing interventions for HG.13, 14, 43, 44 The 

last was a systematic review of the effect of acustimulation on NVP and HG.45 Nine RCTs were 

identified on a variety of topics regarding how best to manage HG, including three studies 

assessing outpatient care,46-48 one on tube feeding,49 two assessed intravenous therapies,50, 51 

and three studies reported other types of clinical support measures, including a 12-hour fasting 

approach and relaxation methods.52-54

2

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   33160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   33 25-8-2022   20:10:4325-8-2022   20:10:43



34

Chapter 2

Question two contained the most qualitative studies with six identified describing women’s 

experiences of the condition and its treatments.55-60

Question 3 – What causes HG?

71 studies have attempted to find a cause for HG. Of these, eight have sought to identify 

genetic causes,61-68 17 researched the role of Helicobacter pylori (H. pylori) in the aetiology of 

HG, 23 looked at a variety of laboratory markers, 18 studies assess psychosocial factors as a 

cause and five studies assessed other possible causes such as nervous system dysfunction, 

dietary factors and the vestibular system. Laboratory studies were included under question 

three if the authors of the study stated that they were specifically looking at possible aetiology, 

rather than for diagnostics, assessment or monitoring purposes.

Of the 17 studies assessing H. pylori, three systematic reviews have been published69-71 and the 

remaining 14 studies are all prospective case control studies.

To date, no systematic review has been conducted of the published reports regarding genetic 

factors, laboratory markers and possible psychosocial causes of HG, although one systematic 

review assessed polyunsaturated fatty acids in HG.72

Question 4 – Is HG preventable? What is the effect of preventative treatment or early intervention 

on the severity and duration of HG in a subsequent pregnancy?

Only two studies sought to assess if HG is preventable, either during a pregnancy or prior to a 

subsequent one. Of these, one was an RCT assessing the effect of pre-emptive medication on 

the incidence and severity of HG in a subsequent pregnancy.73 The other was a survey study 

exploring the experiences of HG in a subsequent pregnancy and how factors such as increased 

support, or early treatment affected symptoms.74

Question 5 – What are the immediate and long-term effects of HG (including malnutrition and 

dehydration, stress) on the developing fetus (offspring)?

We identified 73 studies assessing perinatal and/or long-term offspring outcomes following HG. 

Of these, 60 assessed perinatal outcomes and 15 assessed health in later life among offspring; 

two studies assessed both.6, 75 Three systematic reviews have been conducted which describe 
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perinatal outcomes for the fetus, one of which also reported long-term outcomes.6, 76, 77 Among 

the 60 studies describing perinatal outcomes, 28 were case reports.

Question 6 – What are the immediate and long-term effects of the various medications/treatments 

on the developing fetus (offspring) throughout the various stages of pregnancy and in varying doses 

or combinations of treatments?

35 studies reported fetal outcomes following HG treatment with a range of medications and 

interventions, of which nine were systematic reviews13, 14, 43, 78-83 and one was a literature review.84 

Four of these assessed the safety of ondansetron specifically.78, 80, 81, 84 Six were RCTs,35, 36, 46, 49, 85, 

86 10 were retrospective cohort studies and two were prospective cohort studies.37, 38 There 

were also three retrospective case-control studies,87-89 two surveys90, 91 and two case reports/

series.92, 93

Question 7 – What are relative efficacies of the current medications and treatment options 

available? What is the optimal dose, route, timing and combination of the medications and what 

are the related side effects?

51 studies assessed the efficacy of treatments, of which eight were systematic reviews13, 14, 43, 44, 79, 

82, 83, 94 and ten were RCTs. Of the studies assessing treatments, 30 assessed the efficacy of anti-

emetics, five assessed corticosteroids specifically79, 95-98 and 20 studied “other treatments”. Other 

treatments included gabapentin, clonidine, cannabis, ginger, antacids, diazepam, mirtazapine, 

B vitamins, Chinese medicines and Japanese herbal Kampo medicines, as well as routes of 

administration including peripheral central catheters and transdermal application.

Question 8 – What are the immediate and long-term, physical, mental and social consequences 

and complications of HG (including malnutrition and dehydration) on the pregnant person’s body? 

(ie. metabolic impact, DVT, depression, effects of dehydration)

164 studies addressed aspects of this question, however, 90 of these are case reports of serious 

complications such as thyrotoxicosis, refeeding syndrome, cardiac arrest and hepatorenal failure. 

In total, there were 56 case reports and one systematic review on Wernicke’s encephalopathy.77 

40 studies assessed the psychosocial effects of HG on women, including two systematic 

reviews: one of quantitative studies29 and one of qualitative studies.3

2
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Question 9 - What clinical measurements and markers are most useful in assessing, diagnosing, 

managing and monitoring hyperemesis?

82 studies sought to assess clinical measurements and markers for HG, of which 59 were 

searching for altered serum levels of a vast array of markers, predominately with prospective 

case-control studies (n= 42). In addition to laboratory markers, six studies sought to validate 

assessment questionnaire tools34, 99-103 and six studies looked at the effect that HG had on 

other assessments conducted during pregnancy, such as screening for gestational diabetes, 

urinary tract infections and the triple test screen.104-109 There was one systematic review which 

summarized diagnostic laboratory markers for HG in general110 as well as two systematic reviews 

on H. pylori and HG69, 70 and one specifically on nucleic acids in pregnancy complications.111

Question 10 - What are the nutritional requirements of the 1st, 2nd and 3rd trimesters and how 

can people with HG achieve these goals? i.e. Oral supplements, fortifying food, dietary measures

The effect of HG on nutritional intake and methods for addressing deficiencies were addressed 

by 17 studies, including a scoping review on the nutritional intake of women with HG 112 and 

an RCT to assess the effect of early enteral tube feeding.49

PPI and patient authorship

PPI was included in 31 studies, of which 12 explicitly described how patients were involved in 

the development of the research and 25 had an author who was also a patient. Of the studies 

with patient authors, 19 did not describe the scope of the PPI in the development, design, or 

production of the research, beyond listing the affiliation. The remainder of the included studies 

did not mention PPI or explicitly stated that it was not included. See Supplementary File 1 

for the full reference list for each category.

Of those that included PPI, four were systematic reviews3, 14, 94, 112 (of which one was a systematic 

review of qualitative studies), four were survey studies,55, 74, 113, 114 two were prospective case-

control studies,115, 116 one was a protocol for an RCT86 and one was a qualitative study.60 Of the 

remaining 20 studies that included a patient author, but did not report PPI, seven were survey 

studies,75, 90, 91, 117-120 four were cohorts,63, 121-123 three were case-control studies,61, 87, 124 two were 

case reports,125, 126 two were qualitative studies,56, 58 and one was a literature review.11
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DISCUSSION

We systematically searched the literature for studies on HG and identified 406 studies, 

addressing the top ten unanswered research priorities for HG and mapped them according 

to study design and patient involvement. While all the questions have at least two papers 

addressing them, the JLA PSP found all questions “remain unanswered by sufficiently robust 

and conclusive systematic review” and were thus included in the prioritisation process.19 Where 

many individual (small) reports exist, a systematic review can help provide robust summary 

answers to questions. Identifying a presence of a wealth of small individual studies, in the 

absence of a systematic review could trigger future systematic review and meta-analysis 

development. For many other questions there simply is a dearth of evidence, and primary 

research is needed. To our knowledge, this is the first time a SEM has followed a James Lind 

Alliance Priority Setting Partnership and it is the first SEM for HG. Systematic evidence maps 

are a relatively new type of evidence synthesis product but are increasingly recognised for 

their ability to identify gaps in the literature and informing future research efforts, thereby 

addressing need and reduce research waste.127, 128

Gaps in the literature
In this SEM, substantial gaps in the literature were identified as well as duplicate systematic 

reviews. For example, only two studies were identified for question four, regarding prevention 

of HG, suggesting a serious need for original research to address the effect of early or 

preventative treatment. In total, there were only 25 (5.9%) systematic reviews included, of which 

13 contained meta-analysis addressing various topics including H. pylori, infant outcomes, 

diagnostic markers, interventions and medications, psychosocial factors and traditional Chinese 

therapies. By comparison, an evidence map of social, behavioural and community engagement 

interventions for reproductive, maternal, newborn and child health, conducted by the World 

Health Organisation in 2017129 found systematic reviews accounted for 23% of their 612 included 

studies. Our SEM also identified notable overlap on systematic review topics, specifically for 

H. pylori in association with HG (two of which were less than three years apart69, 70), and on 

treatments for NVP/HG, including multiple reviews published in the same year or within one 

year of each other.14, 43, 44, 79, 82, 94, 130 Five separate recent systematic reviews on treatments or 

interventions for HG assessed the efficacy of medications and all found that trials to date were 

small and of low quality and high heterogeneity, and all concluded with the need for large, 

high quality trials with consistent outcome measures.14, 43, 44, 130, 131 This suggests that researchers 

are not assessing what is already known and where the gaps are before embarking on new 

systematic reviews or original research which is a necessary step in reducing research waste.132 

2
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Yet since the publication of these systematic reviews, only one large trial of prednisolone verses 

placebo has been published and one RCT protocol for mirtazapine verses ondansetron and 

no others are currently registered with clinicaltrials.gov.86, 96

Methods underpinning the literature
Some gaps within the bubble map are unlikely to be filled as some methods would not be 

appropriate to answer the question, such as using qualitative methods to address the aetiology, 

while other gaps quite clearly need to be filled with future research, such as randomised 

control trials for treatment efficacy. There is a demand for large, well designed RCTs rather 

than yet more systematic reviews of the same heterogeneous, low-quality studies. However, 

two more systematic reviews are now registered on PROSPERO to assess the effectiveness 

of acupuncture for HG, despite all five of the recent systematic reviews published including 

acupuncture as a treatment and finding conflicting results from low quality studies.133, 134 This 

problem of redundancy of reviews is not limited to HG. A survey of 73 randomly selected 

meta-analyses from 2010 found that two thirds (67%) had at least one duplicate meta-analysis 

published concurrently within three years of the original meta-analysis. This survey found that, 

on four topics, there were more than eight overlapping meta-analyses with the same subject.135 

Whilst some overlap can be justified and, indeed, necessary for updating and independent 

replication, the degree of overlap we found in the course of this SEM likely reflects substantial 

wasted efforts and funds.135 Registering systematic reviews on PROSPERO, which has been 

established since 2011, may help to reduce unnecessary duplication.136 However only two of the 

five systematic reviews on treatments we identified had been registered on PROSPERO, which 

hampers authors in their ability to gain timely awareness of concurrent duplicate efforts.14, 

44 A survey of authors who published a systematic review and/or meta-analysis between 

2010-2016 found almost half (44.9%) did not register their protocols, primarily due to a lack of 

knowledge of the need and importance of protocol registration.137 Increasingly journals are 

requiring registration of protocols, which should begin to raise awareness of the importance 

of this practice.

Patient and public involvement tracking
Like ours, some other SEMs have included PPI in their design, methods, conduction and 

publication.138, 139 However, they did not extract information on whether the studies they 

mapped had included PPI and to the best of our knowledge, no other evidence map has 

specifically extracted data on PPI. The body of evidence in support of PPI in research is ever 

growing and positive impacts have been found throughout the research process.26, 140, 141 It is 

particularly notable for reducing research waste by ensuring that questions are meaningful 
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and methods appropriate to answer them, improving recruitment and aiding dissemination.18, 

26 We hope that this will act as a stimulant for future research to include PPI.

Strengths and limitations
This was the first SEM on HG and it was conducted from a patient-centred perspective with 

an innovative approach to evidence synthesis combining two established methods. Another 

strength of our study is the broad terms used to conduct the search in multiple databases, 

ensuring a wide net for studies to fall into. We were able to translate 22 foreign language 

articles, however we were unable to translate a further 18 articles. We also limited our study to 

2009 onwards which on the one hand ensures the map is current, but conversely means that 

some key studies published prior to 2009 were excluded. While we contacted many authors 

for full texts that were otherwise unavailable, 17 authors did not reply. Furthermore, we did 

not contact the authors of conference oral/poster abstracts (n=126) to request if full texts had 

been published due to resource limitations.

Due to the wide variety of study methods included it was not possible to extract data on 

population sizes in studies. Additionally, other SEMs extracted data on additional features, 

which we did not, such as “open access availability” of published studies which could be useful 

for researchers using the map.

Although we had clearly defined categories and two researchers conducted the labelling and 

checked each other to reduce bias, there was a degree of subjectivity when labelling many 

papers which could fit in multiple categories or did not describe methods explicitly enough 

to know exactly how to categorise it. Additionally, due to the broad nature of the top ten 

questions there was substantial overlap and potential for subjectivity.

Individual questions would benefit from wider searching with individually designed strategies 

and different methodology. For example, research addressing question 10 may exist within the 

wider field of pregnancy nutrition and epidemiological studies of anti-emetics that address 

question seven may not have shown up in our HG specific search. We took a pragmatic 

approach to inclusion of research where participants are described as having HG or clearly 

defined severe NVP. Differences in HG or severe NVP diagnosis leads to heterogeneity in 

included studies and hampers aggregation of evidence, as previously demonstrated .142 

Hopefully the publication of the internationally agreed Windsor definition for HG the next 

decade will enhance research homogeneity and reduce waste.143

2
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Many of the individual questions would benefit from having the quality of their available 

evidence appraised, however, due to the nature of SEMs,127 we did not attempt to quality assess 

included studies, which can be seen as a limitation

Conclusions
This SEM provides an overview of the current evidence addressing the top ten priority questions 

for HG. While all the questions have at least two papers addressing them, all questions remain 

unanswered and would benefit from either original research or systematic review. The SEM 

presents a useful, interactive tool for researchers seeking to address one of these questions and 

could save valuable finite resources to justify, or rule out, planned studies. The SEM highlights 

significant gaps in the literature, requiring original research, particularly in the fields of cure 

and prevention of HG as well how to address the nutritional challenges of HG. We aim for 

this SEM to be updated annually through the International Collaboration on Hyperemesis 

Gravidarum (ICHG).

Supplementary File 1. The evidence map; Supplementary File 2. References by study 

design and Supplementary File 3. References by Question Number and PPI inclusion, are 

available on: https://www.hgresearch.org/hgmapfiles
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ABSTRACT

Introduction
Little is known about the pathophysiology of hyperemesis gravidarum (HG). Proposed 

underlying causes are multifactorial and thyroid function is hypothesized to be causally 

involved. In this study, we aim to assess the utility of thyroid stimulating-hormone (TSH) and 

free thyroxine (FT4) as a marker and predictor for the severity and clinical course of HG.

Material and methods
We conducted a prospective cohort study including women admitted for HG between 5 and 

20 weeks gestation in 19 hospitals in the Netherlands. Women with a medical history of thyroid 

disease were excluded. TSH and FT4 were measured at study entry. To adjust for gestational 

age, we calculated TSH Multiples of the Median (MoM). We assessed HG severity at study 

entry as severity of nausea and vomiting (by the Pregnancy Unique Quantification of Emesis 

and nausea score), weight change compared to pre pregnancy weight and quality of life. We 

assessed the clinical course of HG as severity of nausea and vomiting and quality of life 1 week 

after inclusion, duration of hospital admissions and readmissions. We performed multivariable 

regression analysis with absolute TSH, TSH MoMs and FT4.

Results
Between 2013 and 2016, 215 women participated in the cohort. TSH, TSH MoM and FT4 were 

available for respectively 150, 126 and 106 of these women. Multivariable linear regression 

analysis showed that lower TSH MoM was significantly associated with increased weight loss 

or lower weight gain at study entry (ΔKg; β=2.00, 95% CI: 0.47 - 3.53), whereas absolute TSH 

and FT4 were not. Lower TSH, not lower TSH MoM or FT4, was significantly associated with 

lower nausea and vomiting scores one week after inclusion (β=1.74, 95% CI: 0.36 - 3.11). TSH 

and FT4 showed no association with any of the other markers of the severity or clinical course 

of HG. Twenty-one out of 215 (9.8%) women had gestational transient thyrotoxicosis. Women 

with GTT had a lower quality of life 1 week after inclusion then women with no gestational 

transient thyrotoxicosis (P=0.03).

Conclusions
Our findings show an inconsistent role for TSH, TSH MoM or FT4 at time of admission and 

provide little guidance on the severity and clinical course of HG.

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   54160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   54 25-8-2022   20:10:4425-8-2022   20:10:44



55

Thyroid function and HG severity and course

BACKGROUND

Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting in pregnancy (NVP) 

affecting 0.3-3.6% of pregnancies.1, 2 HG is the most common reason for hospital admission 

in early pregnancy, but evidence based effective treatment options are currently limited.3, 4 

Because of the major impact of HG on maternal wellbeing and quality of life, a marker that 

could help identify the severity and clinical course of HG would be of value for assessing a 

patient’s prognosis and individualizing patient care.5-8

Little is known about the pathophysiology of HG. Proposed underlying causes are multifactorial 

and related to maternal endocrine and placental function as well as gastrointestinal conditions, 

although recently genetic causes, including involvement of Growth differentiation factor-15 

(GDF 15), a cachexia gene, and its receptor have been implicated.9, 10

Increased Human Chorionic Gonadotropin (hCG) has been hypothesized to be causally involved 

in NVP and HG: hCG rises in the first trimester, which coincides with the peak in occurrence 

of NVP and HG.11 However, the putative association of increased hCG with NVP symptoms 

was not confirmed upon systematic review, which found an association in only half of the 

included studies.12 An explanation for the apparent discrepancy in findings could lie in the fact 

that hCG and Thyroid Stimulating Hormone (TSH) have biosimilar effects on the TSH receptor, 

which can result in hCG induced thyroid stimulation leading to a clinically relevant rise in free 

thyroxine (FT4) and subsequent suppression of TSH levels, a condition known as gestational 

transient thyrotoxicosis (GTT).13 Hyperthyroidism can produce nausea, vomiting and weight 

loss. Therefore, FT4 and TSH might be important factors in the etiology of HG.14 A systematic 

review from Niemeijer et al.12 found few studies assessing the effect of TSH on the severity and 

clinical course of HG. We updated this systematic review12 in order to put our findings in context, 

as shown in Appendix A. Available evidence concerning possible associations between TSH 

and FT4 and measures of HG severity and clinical course shows conflicting results. None of 

the studies took gestational fluctuations of TSH into account. Niemeijer et al.12 called for better 

investigation of the use of TSH adjusted for gestational duration in future studies and currently 

no adjusted reference interval is available for gestational fluctuations of TSH.

In the present study we aim to assess the association between absolute TSH (without 

adjustments for gestational fluctuations), TSH Multiple of the Median (MoM) and FT4 and the 

severity and clinical course of HG to evaluate whether it is useful to measure thyroid function 

in order to predict the severity and clinical course of HG.

3
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MATERIALS AND METHODS

Our study used data of the Maternal and Offspring outcomes after Treatment of HyperEmesis 

by Refeeding (MOTHER) trial and associated cohort and is a prospective observational cohort 

study carried out between 2013 and 2016, that included women admitted for HG in 19 hospitals 

in the Netherlands.15 The MOTHER trial, a multicenter open-label randomized controlled trial 

(RCT), aimed to evaluate the effect of early enteral tube feeding in addition to standard care 

for hyperemesis gravidarum patients requiring hospital inpatient care, including intravenous 

fluid and anti-emetic medication. Women who were eligible for the RCT but who declined 

participation were asked to participate in the cohort. Since early enteral tube feeding had no 

effect on perinatal and maternal outcomes we deemed it appropriate to combine data of the 

RCT and cohort into one study population for the present study.15 Participants of both trial and 

cohort provided informed consent.

We included women of 18 years and older who had been admitted to the hospital for HG 

between 5 and 20 weeks’ gestation. Women were diagnosed with HG if they had severe nausea 

and vomiting necessitating admission. More detailed description of study methodology has 

been previously published.15

Thyroid Stimulating Hormone (TSH) and Free Thyroxine (FT4)
According to local protocol maternal blood was taken during routine laboratory on the first day 

of admission and analyzed as well as stored frozen in the biobank, as reported in the previously 

published MOTHER protocol.16 If TSH was included in local routine work-up for HG, TSH was 

assessed in local laboratory at baseline. In August 2019, available frozen stored maternal samples 

from baseline were used to assess FT4 in one central laboratory.

We assessed TSH unadjusted for gestational fluctuations (absolute TSH), but we also calculated 

TSH Multiples of the Medians (MoMs) in order to account for physiological fluctuation of TSH 

during pregnancy. To do so, we used data from the CATS study from Bestwick et al.,17 the 

largest available study in Europe which assessed TSH medians in healthy pregnant women 

between 7 and 15 weeks gestation. We calculated Multiples of the Medians (MoMs) by 

dividing the participants’ observed absolute TSH concentration by the expected TSH median 

for corresponding gestational age, as published by Bestwick et al.17 GTT was defined as FT4 

above 22.0 pmol/L according to the central laboratory’s reference interval.18
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Data collection
Trained research staff completed a Case Report Form (CRF) to extract and report information 

from medical and obstetric antenatal files including age, parity, gestational age, weight and 

comorbidity at study entry. Pre-pregnancy weight, ethnicity and education level were self-

reported at baseline and if not reported, extracted from medical file, if available.

HG severity was measured at baseline by evaluating weight change, symptom severity 

and quality of life. Weight change was defined as weight at baseline minus prepregnancy 

weight. Symptom severity and quality of life were measured by three self-reported validated 

questionnaires, filled out on the first day of inclusion. The Pregnancy Unique Quantification of 

Emesis and nausea (PUQE-24) measures the severity of nausea and vomiting: a higher PUQE-24 

score (PUQE-24 ≥13) indicates severe vomiting.19 The Hyperemesis Impact of Symptoms (HIS) 

questionnaire determines the impact of nausea and vomiting.20 The Nausea and Vomiting in 

Pregnancy Quality of Life questionnaire (NVPQoL) measures the impact of nausea and vomiting 

specific quality of life.21 A higher NVPQoL- or HIS-score indicates a lower quality of life or higher 

impact on maternal wellbeing.

The clinical course of HG was measured as symptom severity and quality of life one week after 

inclusion, duration of hospital admissions and readmissions. We measured symptom severity by 

PUQE-24 score one week after inclusion and quality of life by NVPQoL and HIS score one week 

after inclusion. Duration of hospital admissions and readmissions were collected from medical 

files. Duration of hospital admissions was measured in days whereas the day of admission and 

discharge both counted as one day.

Statistical analyses
Normally distributed continuous variables are presented as means with standard deviations 

(SDs) and skewed distributions as medians with inter quartile ranges (IQRs). Dichotomous and 

categorical variables are presented as frequencies with percentages.

We performed univariable and multivariable linear regression analysis to assess the association 

between absolute TSH, TSH MoM and FT4 and continuous outcome variables. NVPQoL one 

week after inclusion and total days of hospital admission were not normally distributed and 

were logarithmically transformed to achieve normality. These logarithmically transformed 

variables were back-transformed and reported in proportionate differences and 95% confidence 

intervals (95% CIs, expressed as percentages); normally distributed variables were reported in 

differences (β) and 95% CI. Dichotomous outcome variables were analyzed using univariable 

3
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and multivariable logistic regression analysis and are reported in odds ratios (OR) with 95% 

CI. In the first model we performed a univariable regression analysis. In the second model we 

performed a multivariable regression analysis adjusted for age, prepregnancy BMI, ethnicity 

and maternal education. Weight change was added as confounder in the multivariable analysis 

for clinical course of HG based on available literature.22

A sensitivity analysis was used for assessing whether baseline characteristics and measures of 

the severity and clinical course of HG differed between included and excluded participants 

in our study. We also assessed whether baseline characteristics and measures of the severity 

and clinical course of HG differed between women with and without GTT, using chi-square 

test, Fisher’s exact test, Mann–Whitney U test and independent Student’s t test. P-values <0.05 

were considered statistically significant. SPSS Statistics 25.0 for Windows (IBM Corp., Armonk, 

NY, USA) was used for all analysis.

Ethical approval
The MOTHER trial and cohort were registered at www.trialregister.nl (NTR4197) and have been 

approved by the research ethics committee of the Academic Medical Centre on the third of 

April 2013. (NL41011.018.12)

RESULTS

215 women were included in the combined cohort: 115 women in the RCT and another 100 

women in the associated observational cohort. Nine women with a medical history of hypo- or 

hyperthyroidism or with a clinical hypothyroidism (TSH ≥ 4.0 mE/L) at time of inclusion were 

excluded from the analysis (Figure 1). TSH at time of inclusion was measured in 150 women. 

We were able to calculate TSH MoMs for 126 women, based on TSH medians available from 

Bestwick et al.17, and we were able to measure FT4 in 106 women, based on the number frozen 

stored blood samples available.

Baseline characteristics and measurements of the clinical course of HG and disease severity of 

participants are shown in Table 1. First admission at inclusion significantly differed between 

women with (92.7%) and without absolute TSH levels available (80.0%, P=0.01) (Table S2). 

Gestational age (P<0.01) and first admission (P=0.03) at inclusion significantly differed between 

women with and without TSH MoM available, but measurements of the severity and clinical course 

of HG did not (Table S3). We did not find any significant differences in baseline characteristics 

and outcome variables between women with and without FT4 available (Table S4).
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Figure 1. Flowchart in- and exclusions study population

3
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Table 1. Baseline characteristics for women admitted for HG included in this cohort

N=215 % missing 

Demographics
Age (years) 28.83±4.83 0.0%
Prepregnancy weight (kg) 71.11±15.02 2.3%
Prepregnancy BMI (kg/m2) 25.12±4.89 3.7%
Ethnic origin 18.1%

- Western 123 (57.2%)
- Non-western 53 (24.7%)

Education level 34.0%
- Primary or secondary 86 (40.0%)
- Higher 56 (26.0%)

Mental health disorder in medical history¹ 41 (19.1%) 0.0%
HG in previous pregnancy² 68 (45.0%) 15.2%
HG in previous pregnancy requiring hospital admission² 37 (24.5%) 10.3%
Thyroid Stimulating Hormone (TSH)
Free thyroxine (FT4)

0.78±0.61
19.26±4.76

30.2%
50.7%

Pregnancy characteristics
Primigravida 64 (29.8%) 0.0%
Twin pregnancy 5 (2.3%) 0.0%
Gestational age at onset of symptoms of HG (weeks) 6.00 (5.25-7.00) 23.3%
Gestational age at inclusion 9.00 (7.00-11.00) 0.0%
First admission at study entry 191 (88.8%) 0.0%

Outcomes
HG severity at baseline
- Weight change (kg) -2.92±4.07 2.8%
- PUQE-24 10.01±3.30 37.2%
- NVPQoL 173.44±23.43 34.9%
- HIS 27.77±3.86 34.4%
Clinical course of HG
- PUQE-24 one week after inclusion 9.00 (6.00-11.00) 45.6%
- NVPQoL one week after inclusion 76.00 (61.00-100.50) 49.3%
- HIS one week after inclusion 25.71±3.82 49.3%
- Duration first admission (days) 4.00 (3.00-5.00) 0.0%
- Total days of hospital admission for HG 5.00 (3.00-8.00) 0.0%
- Readmitted 71 (33.0%) 0.0%
- Readmitted ≥ two times 29 (13.5%) 0.0%

Data represented with mean±SD and median (IQR), unless stated otherwise (frequency (%)). ¹ Mental health disorder consists 
of an eating disorder, anxiety disorder or a depressive disorder. ² Percentage shown is frequency divided by number of 
multigravidas. BMI: body mass index. FT4: free thyroxine. HG: Hyperemesis Gravidarum. TSH: Thyroid Stimulating Hormone. 
PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score. Weight change is weight at baseline minus 
prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gain weight. HIS: Hyperemesis Impact 
of Symptoms. NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life. A higher PUQE-24, HIS- or NVPQoL-score indicates 
more severe symptoms or lower quality of life. 
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Lower TSH MoM was significantly associated with increased weight loss at baseline compared 

to prepregnancy weight (Kg; β=2.00, 95% CI: 0.47 - 3.53, P=0.01), whereas absolute TSH and FT4 

were not (Table 2 and 3). Neither TSH, nor TSH MoM, nor FT4 were significantly associated 

with other markers of HG severity at baseline including the PUQE-24-, HIS- and NVPQoL-score.

Regarding the association between TSH and FT4 and the clinical course of HG, we found that 

lower absolute TSH was significantly associated with lower nausea and vomiting scores one 

week after inclusion in multivariable regression analysis (β=1.74, 95% CI: 0.36 - 3.11, P=0.01) 

(Table 2a). Lower TSH MoM was only significantly associated with lower nausea and vomiting 

scores one week after inclusion in univariable regression analysis (β=1.41, 95% CI: 0.11 - 2.72, 

P=0.03) (Table 2b). FT4 was not associated with the severity of nausea and vomiting one week 

after inclusion (Table 3). No significant association was found between TSH, TSH MoM or FT4 

and quality of life one week after inclusion, duration of hospital admissions and readmissions.

Comparing women with and without GTT at baseline, we found that women with GTT (n=21) 

had a higher HIS score one week after inclusion then women with no GTT (P=0.03) as shown 

in Table 4. No significant differences in baseline characteristics or other outcome variables 

were found between women with and without GTT.

3
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Table 4. Baseline characteristics and outcomes between women admitted for HG included in this study 
with and without Gestational Thyrotoxicosis (GTT)

GTT No GTT 
N=21 N=85 P

Demographics
Age (years) 29.67±4.72 28.45±4.90 0.31 
Prepregnancy weight (kg) 69.40±15.32 71.68±15.41 0.55 
Prepregnancy BMI (kg/m2) 25.12±5.41 25.54±5.17 0.75 
Ethnic origin 0.22

- Western 9 (42.9%) 50 (58.8%)
- Non-western 8 (38.1%) 23 (27.1%)

Education level 0.13
- Primary or secondary 5 (23.8%) 39 (45.9%)
- Higher 9 (42.9%) 24 (28.2%)

Mental health disorder in medical history¹ 2 (9.5%) 17 (20.0%) 0.35
HG in previous pregnancy² 9 (60%) 19 (34.5%) 0.08
HG in previous pregnancy requiring 
hospital admission² 

4 (26.7%) 10 (18.2%) 1.00

Thyroid Stimulating Hormone (TSH) 0.33±0.43 0.89±0.67 0.00
Free thyroxine (FT4) 26.37±5.59 17.50±2.26 0.00
Pregnancy characteristics
Primigravida 6 (28.6%) 30 (35.3%) 0.56
Twin pregnancy 1 (4.8%) 2 (2.4%) 0.49
Gestational age at onset of symptoms of 
HG (weeks)

6.00 (5.00-6.50) 6.00 (5.00-7.00) 0.60

Gestational age at baseline 8.00 (7.50-9.50) 8.00 (7.00-10.00) 0.89
First admission at study entry 18 (85.7%) 79 (92.9%) 0.38

Outcomes
HG severity at baseline
- Weight change (kg) -3.87±3.07 -2.96±4.08 0.35
- PUQE-24 9.93±3.77 10.36±3.02 0.65
- NVPQoL 176.21±14.28 173.15±23.58 0.64 
- HIS 26.80±2.83 28.13±3.96 0.23 
Clinical course of HG
- PUQE-24 one week after inclusion 9.00 (7.50-10.00) 9.00 (6.00-12.00) 1.00
- NVPQoL one week after inclusion 73.50 (57.25-84.75) 79.00 (58.75-107.25) 0.47
- HIS one week after inclusion 27.70±1.64 24.98±3.65 0.03
- Duration first admission (days) 4.00 (3.00-5.00) 4.00 (3.00-5.00) 0.37
- Total days of hospital admission for HG 6.00 (4.00-10.50) 5.00 (3.00-7.50) 0.20
- Readmitted 9 (42.9%) 32 (37.6%) 0.66
- Readmitted ≥ two times 4 (19.0%) 11 (12.9%) 0.49

Data represented with mean±SD and median (IQR), unless stated otherwise (frequency (%)). A P-value <0.05 was considered 
significant. ¹ Mental health disorder consists of an eating disorder, anxiety disorder or a depressive disorder. ² Percentage 
shown is frequency divided by number of multigravidas. BMI: body mass index. GTT: Gestational transient thyrotoxicosis: 
defined as women with a free thyroxine (FT4) level above 22.0 pmol/L. HG: Hyperemesis Gravidarum. PUQE-24: 24-hour 
Pregnancy Unique Quantification of Emesis and nausea score. Weight change is weight at baseline minus prepregnancy 
weight and can be < 0 if women lost weight and can be > 0 if women gain weight. HIS: Hyperemesis Impact of Symptoms. 
NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life. A higher PUQE-24, HIS- or NVPQoL-score indicates more severe 
symptoms or lower quality of life.
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COMMENTS

Main findings
We found that, in line with expectations, women who had lower TSH MoM, had more weight 

loss upon hospitalization with HG. Furthermore, 10% of women hospitalized with HG had 

concurrent GTT, associated with higher impact of symptoms scores (HIS) one week after 

inclusion. In contrast to literature, and not in line with expectations, lower TSH was also 

associated with markedly lower nausea and vomiting scores one week after baseline. Thyroid 

function showed no association with any of the other outcome measures of disease severity 

or course of HG. The fact that our findings present an inconsistent role for thyroid function 

in HG does not support use of thyroid measurements as marker or predictor for HG disease 

severity and clinical course.

Interpretation
In our search to identify markers of disease severity among newly diagnosed HG patients, 

our study found that lower TSH MoM is associated with increased weight loss in women 

admitted for HG, but FT4 is not. This is in contrast with existing literature that hypothesized 

that hyperthyroidism and thus increased FT4 leads to weight loss.14, 23, 24 However, an alternative 

explanation may be more likely: in healthy pregnant women without HG, lower maternal 

weight gain is also associated with lower TSH, when taking into account the graded decrease 

in TSH over the first trimester, suggesting low TSH and not FT4 may simply be a marker of low 

maternal weight gain, and not a cause. Literature showing decreasing TSH levels in obese 

non-pregnant patients who lost weight after caloric restriction or bariatric surgery supports 

this theory.25-27 Since our study did not track TSH and maternal weight over time before HG 

symptoms developed, we were unable to test this hypothesis.

We also sought to identify whether TSH or FT4 could be helpful in identifying women with 

HG that were to have a more severe or prolonged course of illness. Contrary to what had been 

suggested by the literature, our study found that only a lower TSH at baseline was associated 

with lower nausea and vomiting scores (PUQE-24<13) one week after inclusion, whereas FT4 

was not. An explanation could be that an increased energy intake during this period led to an 

increase and normalization of TSH levels, since there is evidence that there is a direct relation 

between TSH and energy intake.28

Previous studies did not find an association between TSH or FT4 and readmission rates or 

the duration of inpatient hospital stay.29-31 Our study confirms these findings. Unlike the three 
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currently available studies, our study is the first that performed a multivariable regression 

analysis and used TSH MoMs in order to correct for gestational fluctuations.

Another reason why clinicians may want to be informed about thyroid function in women with 

HG, is in order to rule out clinical hyperthyroidism as an alternative explanation for severe NVP 

symptoms, which may require thyreostatic therapy.32 One study in particular, which used PUQE-

24 scores to quantify NVP severity, focused on ruling out thyroid dysfunction among women 

with HG. They found no association between hyperthyroidism (3 out of 63 women) and the 

PUQE-24 score and could therefore not support this alternative explanation for severe nausea 

and vomiting symptoms. In our study, we also found no association between TSH as well as FT4 

and the PUQE-24 score at baseline. Also no differences in PUQE-24 score at baseline between 

women with and without GTT were found. Therefore, measuring thyroid function to rule out 

clinical hyperthyroidism as an explanation for severe nausea and vomiting seems unnecessary.

Strengths and limitations
Our study is one of the few prospective cohort studies available including women admitted 

with HG using multiple measurements to assess HG severity and the clinical course of HG 

by using validated questionnaires. Furthermore, the women included in this study reflect a 

geographically representative sample of the Dutch population, because of data collection from 

19 different hospitals across the Netherlands. Another strength is that we used TSH MoM to 

allow us to adjust for pregnancy related fluctuations of TSH related to rise and fall of placental 

hCG as pregnancy progresses.

Our study has some limitations. First and foremost, we had TSH values available of only two 

thirds of the included women in our study, since TSH was not always included in local routine 

laboratory work-up for HG. We also had to exclude women for TSH MoM and FT4 analysis due to 

lack of TSH medians or due to lack of available frozen stored blood samples. Together with loss 

to follow up, including a high rate of missing data, despite multiple efforts to retrieve this data as 

described in the original MOTHER study, this may have limited our power to detect associations. 

Potentially, there may have been selective loss to follow up, with women with severe symptoms 

being too unwell to complete follow up questionnaires. However, we found no evidence for 

selective participation: only the baseline characteristics gestational age and first admission of 

HG differed between the included and excluded women. Further baseline characteristics and 

measures of the severity and clinical course of HG did not differ and therefore it is unlikely to 

have altered our results. Secondly, in this study TSH and FT4 levels were not followed up and 

therefore we were unable to investigate whether thyroid suppression normalized without 

3
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treatment later in pregnancy or after delivery. Previous literature suggested that TSH as well as 

FT4 levels return to normal by the second trimester in women with HG and GTT.33

Conclusion
Based on inconsistent findings from our study as well as from earlier research, there seems 

little utility of thyroid measurement as marker or predictor for the severity and clinical course 

of HG. The clinical relevance of measuring TSH in women with HG therefore seems low, 

making the likelihood that the thyroid plays an important role in the etiology of HG also less 

likely. As advised in the HG guideline of the Nordic Federation of Societies of Obstetrics and 

Gynecology34, thyroid function assessment should be reserved to rule out thyroid disease in 

women with clinical signs, such as goiter, or women with symptoms of clinical hyperthyroidism, 

such as marked tachycardia or prolonged atypical symptoms. Further research in pursuit of 

a biomarker for diagnosis or predictor of disease course, or monitoring treatment effect in 

patients with HG is needed in order to optimize patient care and treatment.
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APPENDIX A

Research in context - updated systematic review

Search strategy and study selection
In order to place our research in contest we updated the search of Niemeijer et al.1, who 

performed a systematic review and meta-analysis on diagnostic markers for HG in 2012. We 

updated this search according to the method developed by Bramer et al.2 using EndNote. Since 

we aimed to study only TSH as biomarker for HG, we modified our search in collaboration 

with an information specialist to optimize our search results as shown below in ‘Updated 

search terms’. We searched Medline and Embase from inception through May 22, 2020 to 

identify articles that have reported on TSH or FT4 and the clinical course of HG and disease 

severity. Etiologic, prognostic, predictive and diagnostic studies that reported on TSH or FT4 

in women with HG, written in English were included. Case reports were excluded and if one 

study population was used in two different studies, only the study with the most complete 

data was included. Two reviewers (KN and MHK) independently assessed whether studies were 

eligible. In case of disagreement, a third reviewer was consulted (RCP). We evaluated publication 

bias by using a funnel plot. We evaluated the quality of included studies by using the QUality 

In Prognosis Studies (QUIPS) tool .3 The QUIPS tool assesses the potential risk of bias of each 

article on six domains: participation, attrition, prognostic factor measurement, confounding 

measurement, outcome measurement and analysis and reporting).3

Included articles and quality assessment
The search yielded 5260 unique articles (3442 articles from Niemeijer et al. and 1818 additional 

articles in our updated search) as shown in Figure S1. We included 15 articles (n= 3508 

participants) reporting on the association between TSH or FT4 and disease severity (12 studies) 

and the clinical course of HG (3 studies) (Table S1). In almost all domains, studies were rated as 

low or moderate risk of bias (Figure S2). Twelve studies however, had a high risk of bias due to 

confounding, caused by unclear reporting of confounders or by lack of including confounders 

in statistical analysis. We found evidence of publication bias based on an asymmetric funnel 

plot (Figure S3).
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Figure S2. Quality assessment risk of bias (QUIPS)

Figure S3. Funnel plot systematic review

TSH and FT4 and the severity and clinical course of HG
9 studies (n=2899 participants) reported on the association between TSH and/or FT4 and 

the severity of vomiting4-12, of which 5 studies (n=2087 participants) found an association.4-8 

Two studies used the validated PUQE-24 score (n=1745 participants). The first study (n=63 

participants) found that hyperthyroidism (defined as TSH<0.1mIU/L and FT4>26pmol/L) was only 

present in 3 patients, all with PUQE-24 score > 6, representing moderate to severe vomiting.12 

This study did not find an association between the PUQE-24 score and hyperthyroidism 

3
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and the association between TSH and PUQE-24 score was not reported.12 The second study 

(n=1682 participants) found that PUQE scores were inversely related to TSH levels, but not with 

FT4 levels. PUQE scores did not differ significantly between euthyroid women, women with 

(sub)clinical hypo- or hyperthyroidism. Also, no association was found between (sub)clinical 

hyperthyroidism (TSH<0.21 mU/L, based on lower 2.5% CI of study population) and more 

severe NVP (defined as PUQE-24>9) in multivariable logistic regression.8 Two studies (n= 224 

participants) reported an association between lower TSH/ higher FT4 and increased weight 

loss across women with HG, NVP and no emesis.13, 14 The third article (n=35 women) found 

that women with HG with increased FT4 had more weight loss (4.4 ± 0.4 kg) than women with 

HG without increased FT4 (0.4 ± 1.0 kg).15 Three studies reporting on the association between 

TSH or FT4 and the clinical course of HG found no association between TSH or FT4 and the 

duration of admission (n=417 participants)16, 17 or the readmission risk (n=192 participants)18 in 

women with HG.

Conclusion based on currently available research
The little available evidence concerning the possible association between TSH and FT4 and 

the severity and clinical course of HG is conflicting. Lower TSH and higher FT4 were associated 

with increased gestational weight loss or less weight gain regardless of whether they had no, 

mild, or severe NVP. Lower TSH and higher FT4 were not associated with admission duration or 

readmissions in women with HG. None of the available studies took the variation in TSH levels 

according to duration of pregnancy and hCG concentrations into account.
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Updated search terms

A. Embase – Updated Search Nijsten May 2020
1. exp etiology/ or exp marker/ or etiol*.ab,ti. or causal*.ab,ti. or cause*.ab,ti. or biomarker*.

ab,ti. or marker*.ab,ti. or exp blood analysis/ or analysis.ab,ti. or exp thyrotropin/ or TSH*.ab,ti. 

or ‘thyroid stimulating hormone’.ab,ti. Or exp thyroxine/ or thyroxine.ab,ti. or FT4.ab,ti.

2. exp hyperemesis gravidarum/ or ‘hyperemesis gravidarum’.ti,ab.

3. ((pregnan* or gravidar* or gravidit* or gestat* or antenat* or prenat* or ante-nat* or pre-

nat*) adj6 (nausea* or antinause* or vomit* or antivomit* or emes* or hypereme* or antiemet* 

or emetic*)).tw,kw.

4. 2 or 3

5. 1 and 4

B. Medline – Updated Search Nijsten May 2020
1. (morning sickness[MeSH Terms]) OR hyperemesis gravid*[Title/Abstract]

2. (pregnan*[Title/Abstract] OR gestation*[Title/Abstract] OR pregnancy[MeSH Terms]) AND 

(nausea[Title/Abstract] OR vomit*[Title/Abstract])

3. 1 or 2

4. causality[MeSH Terms] OR etiology[MeSH Subheading] OR etiolog*[Title/Abstract] OR 

causal*[Title/Abstract] OR cause[Title/Abstract] OR biomarker[Title/Abstract] OR marker[Title/

Abstract] OR analysis[MeSH Subheading] OR thyrotropin[MeSH Terms] OR thyroid stimulating 

hormone[Title/Abstract] OR TSH*[Title/Abstract] OR thyroxine[MeSH Terms] OR thyroxine[Title/

Abstract] OR FT4[Title/Abstract]

5. 3 and 4

3
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Supplementary Table S2. Differences in baseline characteristics and outcome variables between 
women with HG with and without absolute TSH available

Included for 
absolute TSH 
analysis

Missing 
(%)

Excluded for 
absolute TSH 
analysis

Missing 
(%)

P

n 150 65
Demographics
Age (years) 28.95±4.87 0.0% 28.55±4.76 0.0% 0.58
Prepregnancy weight (kg) 70.50±15.13 2.7% 72.51±14.80 1.5% 0.37
Prepregnancy BMI (kg/m2) 25.00±5.06 4.0% 25.39±4.51 3.1% 0.60
Ethnic origin 18.0% 18.5% 0.47

- Western 88 (58.7%) 35 (53.8%)
- Non-western 35 (23.3%) 18 (27.7%)

Education level 35.3% 30.8% 0.33
- Primary or secondary 55 (36.7%) 31 (47.7%)
- Higher 42 (28.0%) 14 (21.5%)

Mental health disorder in medical 
history¹

30 (20.0%) 0.0% 11 (16.9%) 0.0% 0.60

HG in previous pregnancy² 42 (42.0%) 17% 26 (51.0%) 11.8% 0.44
HG in previous pregnancy 
requiring hospital admission²

22 (22.0%) 4.8% 15 (29.4%) 19.2% 0.21

Pregnancy characteristics
Primigravida 50 (33.3%) 0.0% 14 (21.5%) 0.0% 0.08
Twin pregnancy 4 (2.7%) 0.0% 1 (1.5%) 0.0% 1.00
Gestational age of onset of HG 
symptoms (weeks)

6.00 (5.00-7.00) 24.6% 6.00 (5.50-7.00) 22.7% 0.59

Gestational age at baseline 8.50 (7.00-11.00) 0.0% 9.00 (7.00-11.00) 0.0% 0.52
First admission at study entry 139 (92.7%) 0.0% 52 (80.0%) 0.0% 0.01

Outcomes
HG severity at baseline
-Weight change (kg) -2.68±3.83 3.3% -3.47±4.55 1.5% 0.19
-PUQE-24 9.92±3.29 34.7% 10.24±3.35 43.1% 0.61
-NVPQoL 173.88±20.89 32.0% 172.26±29.49 41.5% 0.72
-HIS 27.85±3.62 31.3% 27.53±4.50 41.5% 0.66

Clinical course of HG
-PUQE-24 one week after inclusion 9.00 (6.00-11.00) 44.7% 8.50 (5.75-11.00) 47.7% 0.31
-NVPQoL one week after inclusion 78.50 (62.00-99.50) 49.3% 72.00 (58.50-129.50) 49.2% 0.99
-HIS one week after inclusion 25.51±3.54 49.3% 16.15±4.44 49.2% 0.43
-Duration first admission (days) 4.00 (3.00-5.00) 0.0% 4.00 (3.00-6.00) 0.0% 0.90
-Total days of hospital admission 
for HG

5.00 (4.00-8.00) 0.0% 4.00 (3.00-8.00) 0.0% 0.38

-Readmitted 53 (35.3%) 0.0% 18 (27.7%) 0.0% 0.27
-Readmitted ≥ two times 21 (14.0%) 0.0% 8 (12.3%) 0.0% 0.74

A P-value<0.05 is considered significant. Data represented with mean±SD and median (IQR), unless st1ated otherwise 
(frequency (%)). ¹ Mental health disorder consists of an eating disorder, anxiety disorder or a depressive disorder. ² Percentage 
shown is frequency divided by number of multigravidas. BMI: body mass index. HG: Hyperemesis Gravidarum. TSH: Thyroid 
Stimulating Hormone. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score. Weight change is 
weight at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gain weight. 
HIS: Hyperemesis Impact of Symptoms. NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life. A higher PUQE-24, HIS- or 
NVPQoL-score indicates more severe symptoms or lower quality of life.

3
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Supplementary Table S3. Differences in baseline characteristics and outcome variables between 
women with HG with and without TSH MoM available

Included for
TSH MoM analysis

Missing 
(%)

Excluded for TSH 
MoM analysis

Missing 
(%)

P

n 126 89
Demographics
Age (years) 28.75±4.49 0.0% 28.96±5.30 0.0% 0.76
Prepregnancy weight (kg) 71.48±15.49 3.2% 70.61±14.42 1.1% 0.68
Prepregnancy BMI (kg/m2) 25.15±5.30 4.0% 25.07±4.27 3.4% 0.91
Ethnic origin 16.7% 20.2% 0.62

- Western 75 (59.5%) 48 (53.9%)
- Non-western 30 (23.8%) 23 (25.8%)

Education level 34.1% 33.7% 0.28
- Primary or secondary 46 (36.5%) 40 (44.9%)
- Higher 37 (29.4%) 19 (21.3%)

Mental health disorder in medical 
history¹

24 (19.0%) 0.0% 17 (19.1%) 0.0% 1.00

HG in previous pregnancy² 34 (41.0%) 20.5% 34 (50%) 8.8% 0.73
HG in previous pregnancy 
requiring hospital admission²

18 (21.7%) 0.0% 19 (27.9%) 20.6% 0.20

Pregnancy characteristics
Primigravida 43 (34.1%) 0.0% 21 (23.6%) 0.0% 0.13
Twin pregnancy 3 (2.4%) 0.0% 2 (2.2%) 0.0% 1.00
Gestational age of onset of HG 
symptoms (weeks)

6.00 (5.00-7.00) 21.4% 6.00 (5.50-7.00) 25.8% 0.63

Gestational age at baseline 9.00 (8.00-11.00) 0.0% 8.00 (6.00-10.00) 0.0% <0.01
First admission at study entry 117 (92.9%) 0.0% 74 (83.1%) 0.0% 0.03

Outcomes
HG severity at baseline
-Weight change (kg) -2.86±3.64 4.0% -3.00±4.61 1.1% 0.80
-PUQE-24 9.98±3.19 33.3% 10.06±3.51 42.7% 0.89
-NVPQoL 175.20±18.67 33.3% 170.80±29.16 37.1% 0.28
-HIS 28.50±3.61 30.2% 27.32±4.24 40.4% 0.29

Clinical course of HG
-PUQE-24 one week after inclusion 8.50 (6.00-11.25) 44.4% 9.00 (6.00-11.00) 47.2% 0.48
-NVPQoL one week after inclusion 76.00 (61.25-95.00) 47.6% 80.00 (60.00-117.00) 51.7% 0.62
-HIS one week after inclusion 25.53±3.66 47.6% 25.98±4.09 51.7% 0.55
-Duration first admission (days) 4.00 (3.00-5.00) 0.0% 4.00 (3.00-5.00) 0.0% 0.98
-Total days of hospital admission 
for HG

5.00 (4.00-7.00) 0.0% 5.00 (3.00-8.50) 0.0% 0.80

-Readmitted 41 (32.5%) 0.0% 30 (33.7%) 0.0% 0.86
-Readmitted ≥ two times 17 (13.5%) 0.0% 12 (13.5%) 0.0% 1.00

A P-value<0.05 is considered significant. Data represented with mean±SD and median (IQR), unless stated otherwise (frequency 
(%)). ¹ Mental health disorder consists of an eating disorder, anxiety disorder or a depressive disorder. ² Percentage shown is 
frequency divided by number of multigravidas. BMI: body mass index. HG: Hyperemesis Gravidarum. TSH: Thyroid Stimulating 
Hormone. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score. Weight change is weight at baseline 
minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gain weight. HIS: Hyperemesis 
Impact of Symptoms. MoM: Multiple of the Median. NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life. A higher 
PUQE-24, HIS- or NVPQoL-score indicates more severe symptoms or lower quality of life.
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Supplementary Table S4. Differences in baseline characteristics and outcome variables between 
women with HG with and without FT4 available

Included for
FT4 analysis

Missing 
(%)

Excluded for
FT4 analysis

Missing 
(%)

P

n 106 109
Demographics
Age (years) 28.69±4.87 0.0% 28.97±4.81 0.0% 0.67
Prepregnancy weight (kg) 71.24±15.34 2.8% 70.99±14.78 1.8% 0.90
Prepregnancy BMI (kg/m2) 25.46±5.19 2.8% 24.78±4.57 4.6% 0.32
Ethnic origin 15.1% 21.1% 0.20

- Western 59 (55.7%) 64 (58.7%)
- Non-western 31 (29.2%) 22 (20.2%)

Education level 27.4% 40.4% 0.54
- Primary or secondary 44 (41.5%) 42 (38.5%)
- Higher 33 (31.1%) 23 (21.1%)

Mental health disorder in medical 
history¹

19 (17.9%) 0.0% 22 (20.2%) 0.0% 0.67

HG in previous pregnancy² 28 (40.0%) 17.1% 40 (49.4%) 13.6% 0.32
HG in previous pregnancy 
requiring hospital admission²

14 (20.0%) 0.0% 23 (28.4) 17.5% 0.12

Pregnancy characteristics
Primigravida 36 (34.0%) 0.0% 28 (25.7%) 0.0% 0.19
Twin pregnancy 3 (2.8%) 0.0% 2 (1.8%) 0.0% 0.68
Gestational age of onset of HG 
symptoms (weeks)

6.00 (5.00-7.00) 25.7% 6.00 (5.75-7.00) 20.8% 0.13

Gestational age at baseline 8.00 (7.00-10.00) 0.0% 9.00 (7.00-12.00) 0.0% 0.26
First admission at study entry 97 (91.5%) 0.0% 94 (86.2%) 0.0% 0.33

Outcomes
HG severity at baseline
-Weight change (kg) -3.14±3.91 2.8% -2.71±4.23 2.8% 0.45
-PUQE-24 10.28±3.15 32.1% 9.70±3.45 42.2% 0.31
-NVPQoL 173.71±22.11 28.3% 173.13±25.09 41.3% 0.88
-HIS 27.87±3.79 26.4% 27.63±3.97 42.2% 0.72

Clinical course of HG
-PUQE-24 one week after inclusion 9.00 (6.00-11.25) 41.5% 8.00 (6.00-11.00) 49.5% 0.34
-NVPQoL one week after inclusion 79.00 (59.00-98.00) 47.2% 73.00 (62.00-111.00) 51.4% 0.68
-HIS one week after inclusion 25.46±3.53 47.2% 25.96±4.13 51.4% 0.50
-Duration first admission (days) 4.00 (3.00-5.00) 0.0% 4.00 (3.00-5.00) 0.0% 0.45
-Total days of hospital admission 
for HG

5.00 (4.00-8.00) 0.0% 5.00 (3.00-8.00) 0.0% 0.30

-Readmitted 41 (38.7%) 0.0% 30 (27.5%) 0.0% 0.08
-Readmitted ≥ two times 15 (14.2%) 0.0% 14 (12.8%) 0.0% 0.78

A P-value<0.05 is considered significant. Data represented with mean±SD and median (IQR), unless stated otherwise (frequency 
(%)). ¹ Mental health disorder consists of an eating disorder, anxiety disorder or a depressive disorder. ² Percentage shown 
is frequency divided by number of multigravidas. BMI: body mass index. FT4: free thyroxine. HG: Hyperemesis Gravidarum. 
PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score. Weight change is weight at baseline minus 
prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gain weight. HIS: Hyperemesis Impact 
of Symptoms. NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life. A higher PUQE-24, HIS- or NVPQoL-score indicates 
more severe symptoms or lower quality of life.

3
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ABSTRACT

Introduction
Hyperemesis gravidarum (HG) complicates 1% of pregnancies and has a major impact on 

maternal quality of life and wellbeing. We know very little about HG’s long-term impact after 

an affected pregnancy, including recurrence rates in future pregnancies, which is essential 

information for women considering subsequent pregnancies. In this study, we aimed to 

prospectively measure the recurrence rate of HG and the number of postponed and terminated 

subsequent pregnancies due to HG. We also aimed to evaluate if there were predictive factors 

that could identify women at increased risk for HG recurrence, postponing and terminating 

subsequent pregnancies.

Material and methods
We conducted a prospective cohort study. A total of 215 women admitted for HG to public 

hospitals in the Netherlands were enrolled in the original MOTHER randomized controlled trial 

and associated observational cohort. Seventy-three women were included in this follow-up 

study. Data were collected via an online questionnaire. Recurrent HG was defined as vomiting 

symptoms accompanied by any of the following: multiple medication use, weight loss, 

admission, tube feeding or if nausea and vomiting symptoms were severe enough to affect 

life and/or work. Outcome measures were recurrence, postponing and termination rates due 

to HG. Univariable logistic regression analysis was used to identify predictive factors associated 

with HG recurrence, postponing and terminating subsequent pregnancies.

Results
Thirty-five women (48%) became pregnant again of whom 40% had postponed their 

pregnancy due to HG. HG recurred in 89% of pregnancies. One woman terminated and eight 

women (23%) considered terminating their pregnancy because of recurrent HG. Twenty-

four out of 38 women did not get pregnant again because of HG in the past. Univariable 

logistic regression analysis identifying possible predictive factors found that having a western 

background was associated with having weight loss due to recurrent HG in subsequent 

pregnancies (OR 12.9, 95% CI: 1.3-130.5, P=0.03).

Conclusions
High rates of HG recurrence and a high number of postponed pregnancies due to HG were 

observed. Women can be informed of a high chance of recurrence to enable informed family 

planning.
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INTRODUCTION

Hyperemesis gravidarum (HG) is a severe complication of pregnancy affecting around 1% 

of pregnancies globally.1 HG can cause significant physical and psychological morbidity for 

mothers.2 A lack of effective treatment makes HG a challenging condition to manage and 

therapeutic termination is commonly reported.3, 4

A history of HG is the single most important risk factor for developing HG.5 The recurrence rate 

has been reported to be well above baseline risk, but literature shows a wide range varying 

from 15 to 81%.5 A recent systematic review failed to produce an aggregate recurrence rate 

due to the contributing studies’ methodological shortcomings, including poor external validity 

and significant heterogeneity.6

Such a wide risk prediction bracket for a condition with substantial biopsychosocial impacts, 

makes informed decision-making regarding subsequent pregnancies difficult. Patients have 

expressed a desire for research to provide a definitive recurrence risk and recently this was also 

recognized as a priority research question by a priority setting partnership.6, 7 Furthermore, 

there is evidence suggesting that early treatment and lifestyle preparation strategies may 

reduce the overall severity of the condition.8, 9 For such interventions to be appropriately 

implemented, the recurrence rate must be understood.6

Both over- and underestimating the recurrence rate can have substantial impacts on people’s 

lives. There are reports of families curtailing future pregnancies believing HG is unavoidable 

as well as reports of women deciding to terminate on the assumption that their risk in a future 

pregnancy is that of the general population.3, 10, 11

In this study, we aimed to prospectively measure the self-reported recurrence rate of HG, the 

postponement of pregnancy because of previous HG, and pregnancies terminated due to 

recurrent HG. Additionally, we aimed to identify predictive factors associated with an increased 

risk of HG recurrence, postponing and terminating subsequent pregnancies.

4
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METHODS

This study is a prospective cohort follow-up study of the Maternal and Offspring outcomes 

after Treatment for HyperEmesis by Refeeding (MOTHER) randomized control trial (RCT) and 

associated observational cohort.12

The original MOTHER RCT assessed whether early enteral tube feeding in addition to 

standard care for women admitted with HG improved neonatal and maternal outcomes.12 

Women admitted for HG, between 5- and 20-weeks’ gestation in 19 different hospitals in the 

Netherlands between 2013 and 2016 were recruited. In total, 115 women were randomized 

and 100 women, who declined randomization, were recruited to an associated observational 

cohort. Since early enteral tube feeding did not affect maternal and perinatal outcomes,12 we 

combined the RCT and cohort into one study population for this follow-up study. Detailed 

information about data collection can be found in the original study protocol and earlier 

published results of the MOTHER RCT.12, 13

The MOTHER follow-up study consisted of a single, self-reported, online questionnaire 

that assessed health and reproductive outcomes after participating in the MOTHER study. 

Participants who gave consent to be approached for follow-up studies were emailed with a 

link to the online questionnaire. Both Dutch and English language options were available. In 

case of no response, a reminder was sent after one, three and six weeks. Individual informed 

consent had been obtained during both the MOTHER and follow-up study.

For the full questionnaire please see Appendix S1. Women self-reported whether they had 

conceived again since participating in the MOTHER study. Those who had not had a further 

pregnancy were asked whether they had curtailed or postponed any future pregnancies due 

to fear of recurrent HG. For those who had subsequent pregnancies, nausea and vomiting 

symptoms were assessed with a series of questions regarding the onset of symptoms, 

hospital admission including duration and frequency, anti-emetics use and tube feeding. We 

considered that HG had recurred if vomiting symptoms were reported with either: multiple HG 

medication use (≥2, including anti-emetics and corticosteroids, see full list in Appendix S1), 

weight loss during pregnancy, admission for HG, requiring tube feeding or symptoms severe 

enough to affect their life and/or work. The HG definition we used was based on the recently 

internationally developed WINDSOR HG definition (unpublished results, manuscript currently 

submitted for publication). Weight loss was reported as lowest weight during pregnancy 

compared to pre-pregnancy weight and reported as any weight loss and >5% weight loss. 
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We also assessed whether pregnancies had ended as miscarriages or ectopic pregnancies 

and if women had considered terminating or terminated their pregnancy due to recurrent 

HG. Because of ethical considerations, we were unable to verify answers to the questionnaire 

with medical records. The follow-up questionnaire also included questions about depression, 

anxiety and post-traumatic stress disorder symptoms after suffering from HG in the index 

pregnancy. These results will be discussed in a different manuscript that is currently submitted 

for publication.

We also assessed if we could identify factors that could predict which women were at increased 

risk to have recurrent HG, to postpone subsequent pregnancies or to terminate or consider 

terminating subsequent pregnancies because of severe recurrent HG with use of univariable 

regression analysis. For this analysis, recurrent HG in subsequent pregnancies was broken down 

into the following outcome measures: being admitted to the hospital, having weight loss and 

receiving tube feeding due to recurrent HG in subsequent pregnancies.

We assessed the following possible predictive factors: maternal age, ethnicity and several 

measures of HG severity in the index pregnancy, when participating in the MOTHER study. 

Measures of HG severity in the index pregnancy as predictor variables were: higher symptom 

severity (measured by the self-reported, validated 24-hour Pregnancy Unique Quantification 

of Emesis (PUQE) score at baseline),14, 15 lower weight gain at inclusion of the MOTHER study 

compared to pre-pregnancy weight, higher total duration of hospital admissions and admission 

after the first trimester. The PUQE-24 score can vary from 3 to 15 with a higher score indicating 

more severe symptoms.

Statistical analyses
Continuous variables were presented as means with standard deviations (SDs) if they were 

normally distributed, or otherwise presented as medians with interquartile ranges (IQRs). 

Dichotomous and categorical variables were presented as frequencies with percentages. 

A sensitivity analysis was performed to assess differences in demographic and clinical 

characteristics of the index pregnancy between participating and non-participating women 

in this follow-up study. Independent Student’s t test, Mann-Whitney U test and chi-square test 

were used for analyses.

Univariable logistic regression analysis was used to identify possible predictive factors for an 

increased risk of HG recurrence, postponing or terminating subsequent pregnancies. Due to the 

4
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low number of events, we were not able to perform multivariable logistic regression analysis 

and adjust for confounders.16

As described earlier, we deemed it appropriate to combine the MOTHER RCT and associated 

observational cohort into one combined study population. However, since this study is a 

follow-up of an RCT, we felt it was necessary, for ethical reasons, to also assess whether there 

were differences in recurrence, postponement and termination rates between the RCT arms. 

Methods and results of these analyses can be found in Appendix S2. P-values <0.05 were 

considered statistically significant and SPSS Statistics 26.0 for Windows (IBM Corp., Armonk, 

NY, USA) was used for analyses.

Patient and Public Involvement (PPI)
Patients have been involved in this research from the inception of the MOTHER study 

when patients expressed a desire for the research question. The Dutch HG patient charity, 

Zwangerschapsmisselijkheid en Hyperemesis Gravidarum (ZEHG), was consulted at various 

points, including piloting the survey questions. Desire for a prospective study to address the 

recurrence rate of HG is well documented by one of the authors, who is a patient representative 

(CD),6 and who has given patient perspective on the results and interpretation of this study.

Ethical approval
The MOTHER trial was registered at www.trialregister.nl (NTR4197) and was approved by the 

research ethics committee of the Amsterdam UMC, location AMC on the third of April 2013. 

Ethics approval was not required for the follow-up study under the Medical Research Involving 

Human Subjects Act (reference number W20_066 #20.094).

RESULTS

One hundred and ninety out of 215 MOTHER participants, who had given consent to be 

contacted for follow-up studies, were approached. Seventy-five participants completed the 

follow-up survey between March and May 2020. About half of the respondents completed 

the questionnaire after receiving the initial email invitation (40/75, 53%). Respectively 11% 

(8/75), 20% (15/75) and 16% (12/75) of the participants responded after the first, second and 

third reminder email. Two women were excluded because they reported on pregnancies prior 

to the index pregnancy and not on subsequent ones in a distinguishable way. Therefore 73 

participants were included for analysis as shown in Figure 1.
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Table 1 details baseline characteristics of women included in our study. Supporting 

information Table S1 shows a sensitivity analysis between follow-up participants and those 

who did not participated in the follow-up study. Participants were more highly educated (P 

<0.01) and had had higher vomiting scores at inclusion during the index pregnancy (P=0.02), 

than those who did not participated.

Figure 1. Flow of participants included and excluded for follow-up study

4
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Table 1. Baseline characteristics of women included in this follow-up study. 

Baseline characteristics N=73

Age (years), mean ± SD 29.2 ± 4.6

Education level, n (%)

- Primary or secondary 27 37.0%

- Higher 29 39.7%

Ethnicity, n (%)

- Western 52 71.2%

- Non-Western 12 16.4%

Primigravida at time of MOTHER inclusion, n (%) 27 37.0%

HG in pregnancy prior to MOTHER inclusion, n (%) a 22 47.8%

Data presented with mean ± SD, median (IQR) or frequency (%).
 a Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b Weight change is weight at inclusion 
minus prepregnancy weight: can be < 0 if women lost weight and can be > 0 if women gained weight. Abbreviations: HG: 
hyperemesis gravidarum, PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 
indicates more severe symptoms.

Following the index pregnancy, 38 women (52%) did not get pregnant again. Of them, two-

thirds (24/38) stated that this was because of HG, while 14 women stated other reasons (Table 

2). Thirty-five women conceived one or more subsequent pregnancies. Of those women, 40% 

(14/35) had postponed their pregnancy due to HG.

HG recurred in 88.6% of subsequent pregnancies. (Table 2) Of the women with recurrent 

HG, 54% required two or more medications to manage symptoms, 60% were admitted to 

hospital for HG and 63% experienced weight loss with an average of -4.5 ± 4.4 kg. One woman 

terminated and eight women (23%) considered terminating their subsequent pregnancy 

because of recurrent HG.

In six out of 45 subsequent pregnancies no vomiting symptoms were reported. Of these six 

pregnancies, one was an ectopic pregnancy and four ended in a miscarriage. Four of these five 

women went on to have another, successful pregnancy in which they did experience vomiting 

symptoms. The fifth woman had three miscarriages in which she suffered from HG each time.

In univariable regression analysis, we assessed if there were factors that could predict HG 

recurrence, postponing and (consideration of) terminating subsequent pregnancies. Baseline 

characteristics of women that became pregnant again and were included in regression analysis 

are shown in Supporting information Table S2. Univariable logistic regression analysis 

showed that having a western background was associated with having weight loss due to 
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recurrent HG in subsequent pregnancies (OR 12.86, 95% CI: 1.27-130.54, P=0.03). No associations 

were found between maternal age and several measures of HG severity in the index pregnancy, 

and HG recurrence, postponing and (consideration of) terminating subsequent pregnancies. 

(Table 3)

Table 2. Recurrence, postponing and termination rates in subsequent pregnancies 

Subsequent pregnancies N=73
Women who experienced a subsequent pregnancy, n (%) 35 47.9%
Number of pregnancies after MOTHER study, median (IQR) 1.0 1.0-2.0
1 pregnancy, n (%) 26 74.3%
2 pregnancies, n (%) 8 22.9%
3 or more pregnancies, n (%) 1 2.9%
Women who did not become pregnant again due to fear for 
recurrent HG, n (%)

24 32.9%

Time interval between MOTHER and follow-up study participation 
(years), median (IQR)

4.5 4.1-5.0

Recurrence rate of HG a N=35
Recurrence of vomiting symptoms, n (%) 34 97.1%
Gestational age when vomiting started (weeks), median (IQR) 6.0 4.0-7.0
Used multiple (2 or more) HG related medications, n (%) 19 54.3%
Was admitted to hospital, n (%) 21 60.0%
Duration of hospital admissions (days), mean ± SD 6.5 ± 4.0
Had weight loss, n (%) b 22 62.9%
Had >5% weight loss, n (%) 16 45.7%
Average weight change (kg), mean ± SD b -4.2 ± 4.3
Received tube feeding, n (%) 5 14.3%
NVP affected her job, n (%) 20 57.1%
NVP affected her life, n (%) 26 74.3%
Had HG, n (%) c 31 88.6%
Postponed or terminated pregnancies
Postponed a pregnancy due to HG in the past, n (%) 14 40.0%
Considered terminating a pregnancy due to suffering from HG in 
subsequent pregnancies, n (%)

8 22.9%

Terminated a pregnancy due to suffering from HG in subsequent 
pregnancies, n (%)

1 2.9%

Data presented with mean ± SD, median (IQR) or frequency (%).
a HG recurrence rate in any subsequent pregnancy. b Lowest weight during pregnancy minus prepregnancy weight: can 
be < 0 if women lost weight and can be > 0 if women gained weight. c HG defined as: vomiting symptoms with either 
multiple medication use, hospital admission, weight loss during pregnancy, tube feeding or NVP affecting her job and/or life.  
Abbreviations: HG: hyperemesis gravidarum, NVP: nausea and vomiting in pregnancy.

4
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DISCUSSION

In a well-defined prospective cohort, we found a high HG recurrence rate of 89%. Furthermore, 

we found high proportions of women who avoided a subsequent pregnancy (33%), postponed 

their pregnancy (40%), or considered terminating their pregnancy (23%) because of HG. 

Additionally, we found that having a western background was associated with having weight 

loss due to recurrent HG in subsequent pregnancies.

Our study found an 89% recurrence rate of HG. A recent systematic review identified five 

previously published, prospective studies assessing the HG recurrence rate.6 Four were 

population database cohorts which used birth registry data and ICD-10 codes to identify HG 

patients and which reported relatively low recurrence rates between 15% and 26%.5, 17-19 Whilst 

large populations were included with the number of HG cases varying from 447 to 33 214, Dean 

et al.6 concluded that methods lacked both external validity and internal reliability. While ICD 

codes may seem an effective method for pregnancy data collection, attempts to validate them 

for identifying HG have proved unsuccessful.6 Norwegian researchers found that the Medical 

Birth Registry and ICD codes were valid for mild, but not for severe pregnancy sickness or HG.20 

In our study, only 60% of women suffering from HG were admitted in subsequent pregnancies, 

which would suggest that ICD codes are missing for around 30% of women with recurrent HG 

in the Dutch system. The fifth study, by Fejzo et al.,21 reported a substantially higher recurrence 

rate of 81% (46/57 women), but consisted of a self-reported follow-up from an online survey of 

self-selected participants, making it prone to selection bias. While our follow-up survey was also 

self-reported, the initial population was recruited with robust inclusion criteria for HG, which 

provided our study with a greater degree of external validity.

To our knowledge, Fejzo et al.21 is the only study assessing HG severity in subsequent 

pregnancies. They reported higher rates of tube feeding than our study (20% vs 14.3%), but 

similar admission rates (48% vs 60%), which is likely a reflection of healthcare system differences 

between the United States of America (USA) and European countries.22

Literature regarding women curtailing pregnancies after suffering from HG is scarce and 

heterogenic. Fiaschi et al.5 found no evidence of HG sufferers curtailing any future pregnancies 

compared to non-HG sufferers in their population-based cohort study that included 33 214 

women with HG. We consider this a surprising finding considering that Heitmann et al.23 found 

that 75.7% (159/210 women) of those with severe nausea and vomiting symptoms considered 

never getting pregnant again. Furthermore, Fejzo et al.21 reported that 37% (37/100 women) had 

4
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avoided any further pregnancies due to HG. Our study found that 33% curtailed pregnancies 

due to HG. We also found that 40% of the women who got pregnant again after their index 

pregnancy postponed their pregnancy due to HG in the past. Poursharif et al.24 described 

that 76% (614/808) of participants in their large self-selected online-survey cohort reported 

a change in personal attitude to future childbearing following an HG pregnancy, including 

increased spacing of pregnancies or fewer children than previously desired. This phenomenon 

is also described in a review from Dean et al.25 reporting on HG’s effect on women’s lives and 

is recognized by our PPI representatives.

Previous surveys have identified the termination rate for HG between 3% and 15%.3, 11, 26 

Poursharif et al.3 reported that 6% (49/808 women) underwent multiple terminations for HG 

and an additional 13% “almost” terminated their pregnancy due to HG. While in our study 

only one woman terminated a pregnancy due to suffering from HG again, we found that 23% 

considered terminating a pregnancy, which is consistent with a rate of 26.7% (56/210 women) 

reported in a Scandinavian population.23 Variation in rates reported may reflect differences in 

access to treatment and social support around the world. For example, women included in 

Poursharif et al.3 were predominantly from the USA, where sick pay and employment rights 

are not statutory and treatment for HG is expensive. Our study participants are from the 

Netherlands where treatment is covered by universal health care insurance and employees 

can make use of extended paid sick leave and are protected from termination of contract 

due to illness.27 However, 23% of women considering termination of pregnancy due to HG is 

worryingly high and highlights the importance of early recognition and treatment of symptoms 

and supportive care.

Our study has several strengths. All participants had well documented HG during their index 

pregnancy, which is of benefit over previous studies which relied on hospital admission records, 

usually only including pregnancies that had led to a delivery. Including patient representatives 

in the conception and design of the research and interpretation of the results is also a strength, 

since this has been earlier recognized to improve quality and relevance of research.28 Our study 

also assessed if subsequent pregnancies were viable and whether measures of HG severity 

of the index pregnancy can be used as predictive factors of recurrent HG, postponing and 

termination rates. These are both recognized as important matters in clinical practice by our 

patient representatives, especially since in our study, most women without vomiting symptoms 

had a non-viable pregnancy.
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Our results are limited by the small sample size. Of the cohort of 215, 75 women (35%) 

responded, despite our recruitment efforts, and only 35 women (16%) had become pregnant 

again. Selective participation led to women with more severe symptoms in the index 

pregnancy being overrepresented in the current study, probably leading to selection bias. 

It is conceivable that those who did not participate in this follow-up study had a lower HG 

recurrence in subsequent pregnancies, which means that the recurrence rate presented here 

may be overestimated. Additionally, RCT analyses were hampered by an even smaller sample 

size, including 24 women who had become pregnant again. Also the association between 

having a western background and having weight loss in subsequent pregnancies is likely to be 

affected by the size of our study, with only 6/35 women that became pregnancy again having 

a non-western background. External validity may therefore be limited.

In this follow-up study, data was gathered through a self-reported, non-validated questionnaire, 

since there is no validated questionnaire available. The nature of some of the included 

questions could be considered as subjective. Additionally, there was potential for recall bias on 

pregnancies experienced up to seven years before participants completed the questionnaire 

as subsequent pregnancies could have taken place from 2013 onwards. This may have led to 

both under- and over reporting of HG symptoms, although previous studies have shown that 

self-reporting questionnaires are well validated for reporting on pregnancy.29

Conclusion
Our study found a high recurrence rate for HG of 89%. Although it seems plausible that selective 

attrition has occurred and led to an overestimation, our study suggests that the recurrence 

rate is more likely to be at the high end of the current available range of 15-81%. While such 

findings may be distressing for women who were hoping future pregnancies would be better, 

it is important information to give during preconception consultations, so that people are able 

to make informed decisions about their family planning. Knowing that HG has a very high 

chance of recurrence allows families to plan in advance for childcare and finances, but also 

to discuss available treatments and the possibility of early interventions, which may make the 

burden of the condition easier to bear. Finally, it is important that healthcare professionals do 

not give false hope regarding the chance of recurrence and to recognize the severe burden of 

the condition which leads so many women to consider, or actually terminate their otherwise 

wanted pregnancies.

4
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Appendix S1. Follow-up questionnaire

Part A: Subsequent pregnancies after participating in the MOTHER study
1. After the pregnancy in which you participated in the MOTHER study, were you pregnant 

again? (A miscarriage, ectopic pregnancy or preterm birth also count!)

a. Yes, continue with question 3.

b. No, continue with question 22.

2. How many times have you been pregnant since participating in the MOTHER study?

a. ….. (fill in a number)

If question 2 is answered with 2 or more then the following questions will be 

answered forevery pregnancy for a maximum of 5 pregnancies

3. In which year was this pregnancy?

a. ….. (For example ‘2015’)

4. Did you postpone this pregnancy because of the severity of the nausea and vomiting 

symptoms in your previous pregnancy?

a. Yes

b. No

5. Did this pregnancy end in a miscarriage or was this an ectopic pregnancy?

a. No

b. Yes, this pregnancy ended in a miscarriage

c. Yes, this was an ectopic pregnancy

6. Did you experience any symptoms of nausea in this pregnancy?

a. Yes, continue with question 7

b. No, not at all. Continue with question 23 or go to ‘adding a new pregnancy’

7. How many weeks were you pregnant when you first felt nauseous?

a. ….. (in weeks)

8. How many weeks were you pregnant when you first started vomiting?

a. ….. (in weeks)

b. I did not have complains of vomiting

9. How many weeks were you pregnant when the nausea and vomiting symptoms had 

practically disappeared?

a. ….. (in weeks)

4
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10. Were you admitted in the hospital with severe nausea and vomiting in this pregnancy?

a. Yes, continue with question 11

b. No, continue with question 13

11. How many times were you admitted in the hospital in this pregnancy?

a. Once

b. Twice

c. 3 times

d. More than 3 times, namely …. Times

12. How many days were you in total admitted in the hospital in this pregnancy? (the day of 

admission and the day of discharge both count as 1 day)

a. ….. (Answer in days)

b. I don’t remember

13. Did you use any medication for the nausea and vomiting symptoms in this pregnancy?

a. Yes, continue with question 14

b. No, continue with question 15

14. Which medication did you use? (multiple options possible)

a. Suprimal

b. Emesafene

c. Primperan (Metoclopramide)

d. Zofran (Ondansetron)

e. Potassium solution (potassium drink (‘kaliumdrank’) or potassium intravenous)

f. Corticosteroids (methylprednisolon or hydrocortison)

g. Omeprazole or Ranitidine

h. Other, namely …. (free text)

i. I don’t remember which medication I used

15. Did you receive nasogastric tube feeding in this pregnancy?

a. Yes

b. No

16. Was this a singleton or a multiple pregnancy?

a. Singleton pregnancy

b. Twin pregnancy

c. Multiple pregnancy of three or more babies (triplets or quadruplets)?
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17. Did the severity of nausea and vomiting affect your ability to work?

a. No, I was able to go to my work and did not have to call in sick at all

b. Partly: I was not able to go to my work for some days

c. Partly: I was not able to work for prolonged periods (eg weeks)

d. I was not able to work at all

e. I did not had a job at the time

18. Did the severity of nausea and vomiting affect your everyday life?

a. Yes, the nausea and vomiting had an enormous effect on my everyday life

b. The nausea and vomiting affected my everyday life to some degree

c. No, The nausea and vomiting symptoms did not affect my everyday life at all

19. What was your weight before this pregnancy?

a. …. (in kilograms)

b. I don’t remember

20. What was your lowest weight during this pregnancy?

a. …. (in kilograms)

b. I don’t remember

21. Did you consider terminating this pregnancy because of the severity of the nausea and 

vomiting symptoms in this pregnancy or your previous pregnancy?

a. Yes, I terminated this pregnancy because of the severity of nausea and vomiting

b. I considered terminating this pregnancy, but in the end I continued this pregnancy

c. No, I did not consider terminating this pregnancy

d. Yes, I terminated this pregnancy, but due to other reasons than HG (f.e. congenital 

abnormalities or unwanted pregnancy)

• If answered ‘no’ to question 1 (and thus not have become pregnant again after 

participating in the MOTHER Study), continue with question 22

• If answered ‘yes’ to question 1 (and thus finished question 18), continue with 

question 23

22. After the pregnancy in which you participated in the MOTHER Study, did you’re not 

becoming pregnant again have to do with the severity of the nausea and vomiting during 

that pregnancy, or fear of having hyperemesis gravidarum again?

a. Yes

b. No, there were other reasons

4
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23. Do you have family members who also had severe nausea and vomiting or hyperemesis 

gravidarum in pregnancy?

a. No

b. Yes: (multiple options possible)

i. Mother

ii. Aunt

iii. Sister

iv. Grandmother

24. Do you have migraines?

a. Yes

b. No

25. Do you get motion sickness (eg car sick)?

a. Yes

b. No

26. What is your current height?

a. ….. (in centimeters)

27. What is your current weight?

b. ….. (in kilograms)

Part B: Depression and anxiety symptoms (HADS questionnaire)

Emotions play an important part in most illnesses. This questionnaire is designed to find out 

how you feel. Read each item below and tick the answer that comes closest to how you have 

been feeling in the past week.

28. I feel tense or ‘wound up’:

a. Most of the time

b. A lot of the time

c. From time to time, occasionally

d. Not at all

29. I still enjoy the things I used to enjoy:

a. Definitely as much

b. Not quite so much

c. Only a little

d. Hardly at all
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30. I get a sort of frightened feeling as if something awful is about to happen:

a. Very definitely and quite badly

b. Yes, but not too badly

c. A little, but it doesn’t worry me

d. Not at all

31. I can laugh and see the funny side of things:

a. As much as I always could

b. Not quite so much now

c. Definitely not so much now

d. Not at all

32. Worrying thoughts go through my mind:

a. A great deal of the time

b. A lot of the time

c. From time to time, but not too often

d. Only occasionally

33. I feel cheerful:

a. Not at all

b. Not often

c. Sometimes

d. Most of the time

34. I can sit at ease and feel relaxed:

a. Definitely

b. Usually

c. Not often

d. Not at all

35. I feel as if I am slowed down:

a. Nearly all the time

b. Very often

c. Sometimes

d. Not at all

36. I get a sort of frightened feeling like ‘butterflies’ in the stomach:

a. Not at all

b. Occasionally

c. Quite often

d. Very often

4
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37. I have lost interest in my appearance:

a. Definitely

b. I don’t take as much care as I should

c. I may not take quite as much care

d. I take just as much care as ever

38. I feel restless as I have to be on the move

a. Very much indeed

b. Quite a lot

c. Not very much

d. Not at all

39. I look forward with enjoyment to things:

a. As much as I ever did

b. Rather less than I used to

c. Definitely less than I used to

d. Hardly at all

40. I get sudden feelings of panic

a. Very often indeed

b. Quite often

c. Not very often

d. Not at all

41. I can enjoy a good book or radio or TV program:

a. Often

b. Sometimes

c. Not often

d. Very seldom

Part C: Post-traumatic stress symptoms (PCL-5 questionnaire)

Below is a list of problems that people sometimes have in response to a very stressful 

experience. For the next questions, keep your pregnancy complicated by hyperemesis 

gravidarum in mind, please read each problem carefully and then circle one of the numbers 

to the right to indicate how much you have been bothered by that problem in the past month.

42. Repeated, disturbing, and unwanted memories of the stressful experience?

a. Not at all

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   104160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   104 25-8-2022   20:10:4925-8-2022   20:10:49



105

Recurrence rate of hyperemesis gravidarum

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

43. Repeated, disturbing dreams of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

44. Suddenly feeling or acting as if the stressful experience were actually happening again (as 

if you were actually back there reliving it)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

45. Feeling very upset when something reminded you of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

46. Having strong physical reactions when something reminded you of the stressful experience 

(for example, heart pounding, trouble breathing, sweating)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

47. Avoiding memories, thoughts, or feelings related to the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

4
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48. Avoiding external reminders of the stressful experience (for example, people, places, 

conversations, activities, objects, or situations)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

49. Trouble remembering important parts of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

50. Having strong negative beliefs about yourself, other people, or the world (for example, 

having thoughts such as: I am bad, there is something seriously wrong with me, no one 

can be trusted, the world is completely dangerous)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

51. Blaming yourself or someone else for the stressful experience or what happened after it?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

52. Having strong negative feelings such as fear, horror, anger, guilt, or shame?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

53 Loss of interest in activities that you used to enjoy?

a. Not at all

b. A little bit

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   106160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   106 25-8-2022   20:10:4925-8-2022   20:10:49



107

Recurrence rate of hyperemesis gravidarum

c. Moderately

d. Quite a bit

e. Extremely

54. Feeling distant or cut off from other people?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

55. Trouble experiencing positive feelings (for example, being unable to feel happiness or have 

loving feelings for people close to you)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

56. Irritable behavior, angry outbursts, or acting aggressively?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

57. Taking too many risks or doing things that could cause you harm?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

58. Being “super alert” or watchful or on guard?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

59. Feeling jumpy or easily startled?

a. Not at all

4
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b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

60. Having difficulty concentrating?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

61. Trouble falling or staying asleep?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely62. Have u experienced another very stressful or traumatic event?

a. Yes, continue with question 63

b. No, continue with question 65

63. In which year did this very stressful or traumatic event happened?

a. ….. (year)

64. What kind of very stressful or traumatic event did you experienced?

a. Sexual assault

b. Physical assault, violence or abuse

c. Seeing someone be killed or seriously injured

d. Dying of a loved one

e. War

f. Other, namely ….. (free text)

65. Do you wish to be informed about the results of this follow up of the MOTHER study?

a. Yes

b. No
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Appendix S2. Follow-up MOTHER RCT – Methods and results

Methods
The MOTHER RCT was conducted between 2013 and 2016 and aimed to evaluate whether early 

enteral tube feeding in addition to standard care was beneficial to standard care alone. One 

hundred and fifteen women hospitalized for HG in 19 different hospitals in the Netherlands 

with a gestational age between 5 and 20 weeks were randomized. As published previously, 

the RCT found no differences in maternal and neonatal outcomes.1 Since this study is a follow-

up of an RCT, we also assessed whether there were differences in recurrence, postponing and 

termination rates between the RCT arms.

Statistical analysis
We assessed differences in recurrence, postponing and termination rates in subsequent 

pregnancies between the RCT arms according to the intention-to-treat, per protocol and 

as treated analyses. In the intention to treat analyses we compared differences in outcomes 

between RCT arms in how they were allocated. In the per-protocol analysis, early enteral tube 

feeding was defined as receiving nasogastric tube feeding within three days after randomization 

for at least seven days. In the as treated analysis, early enteral tube feeding was defined as 

receiving tube feeding within seven days after randomization for at least seven days.

A sensitivity analysis was performed to assess whether there were differences in baseline 

demographics and characteristics between RCT participants who were included in this follow-

up study and RCT participants who were lost to follow-up. We used independent Student’s t 

test, Mann-Whitney U test, chi-square test and Fisher’s exact test for analyses and considered 

P-values <0.05 statistically significant. SPSS Statistics 26.0 for Windows (IBM Corp., Armonk, NY, 

USA) was used for analyses.

Results
RCT participants who received tube feeding were admitted to the hospital for longer periods 

in their subsequent pregnancies compared to RCT participants receiving standard care. This 

finding was found in the intention to treat (7.0 (5.0-8.0) vs 2.3 (1.1-3.8) days, P<0.01), as treated 

(6.0 (4.8-9.8) vs 2.3 (1.1-3.8) days, P=0.01) and per protocol analysis (6.0 (4.8-9.8) vs 2.3 (1.1-3.8) 

days, P=0.01) (Supporting Information Tables S3-S5). The number of hospitalizations for 

HG in subsequent pregnancies did not differ between the treatment arms.

4
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In the intention to treat analysis, women allocated to early enteral tube feeding more often had 

weight loss and also lost more weight in subsequent pregnancies (86.7%, median weight loss 

-4.5 kg (-7.3 to -2.9)) than women allocated to standard care (33.3%, median weight loss 0.0 kg 

(-2.8 to 0.0), P=0.02 and 0.01). In both the intention to treat and per protocol analyses, women 

who received early enteral tube feeding also more often had >5% weight loss than women 

receiving standard care (P=0.01 and 0.03 respectively). A sensitivity analysis did not reveal 

any differences in measures of HG severity in the index pregnancy between RCT participants 

who participated in this follow-up study and those who did not. (Supporting Information 

Table S6)
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Supporting Information Table S1. Sensitivity analysis between women included in the follow-up 
study and women who were lost to follow-up

Women 
included in 
follow-up study
N=73

Women not 
included in 
follow-up study
N=142

Baseline characteristics
Age (years), mean ± SD 29.2 ± 4.6 28.6 ± 5.0
Education level, n (%)

- Primary or secondary 27 (37.0%) 60 (42.3%)
- Higher 29 (39.7%) 28 (19.7%)

Primigravida at time of MOTHER inclusion, n (%) 27 (37.0%) 37 (26.1%)
HG in pregnancy prior to MOTHER inclusion, n (%) ¹ 22 (47.8%) 46 (43.8%)
HG severity during index pregnancy (MOTHER study)
Weight change (kg), mean ± SD ² -3.4 ± 3.9 -2.7 ± 4.2
PUQE-24 at inclusion, median (IQR) 11.0 (9.0-13.0) 9.0 (7.0-12.0)
Mean PUQE-24 in the first 3 weeks after inclusion, mean ± SD 9.3 ± 2.4 8.8 ± 3.0
Total duration of hospital admissions (days), median (IQR) 5.0 (3.5-8.0) 5.0 (3.0-8.0)
Readmitted, n (%) 23 (31.5%) 48 (33.8%)
Admission in 2nd or 3rd trimester, n (%) 14 (19.2%) 29 (20.4%)

Data represented with mean±SD, median (IQR) or frequency (%). Significant P-values<0.05 are marked in bold.
* P-values using Independent Student’s t-test, † P-values using Mann-Whitney U test, ‡ P-values using Chi-square test. ¹ 
Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. ² Weight change is weight at baseline 
minus prepregnancy weight: can be < 0 if women lost weight and can be > 0 if women gained weight. Abbreviations: HG: 
hyperemesis gravidarum, PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 
indicates more severe symptoms.
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Supporting Information Table S2. Baseline characteristics of women included in this follow-up study 
and who became pregnancy again after participation in the MOTHER study

N=35
N/Mean/
Median

%/SD/IQR Missing

Baseline characteristics
Age (years), mean ± SD 27.8 ± 4.3 0.0%
Education level, n (%) 22.9%

- Primary or secondary 14 40.0%
- Higher 13 37.1%

Ethnicity, n (%) 11.4%
- Western 25 71.4%
- Non-Western 6 17.1%

Primigravida at time of MOTHER inclusion, n (%) 20 57.1% 0.0%
HG in pregnancy prior to MOTHER inclusion, n (%) a 5 33.3% 6.7%
HG severity during index pregnancy (MOTHER study)
Weight change (kg), mean ± SD b -3.5 ± 4.6 0.0%
PUQE-24 at inclusion, median (IQR) 12.0 10.0-14.0 17.1%
Total duration of hospital admissions (days), median (IQR) 5.0 3.0-8.0 0.0%
Admission in 2nd or 3rd trimester, n (%) 9 25.7% 0.0%

Data represented with mean ± SD, median (IQR) or frequency (%).
a Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b Weight change is weight at inclusion 
minus prepregnancy weight: can be < 0 if women lost weight and can be > 0 if women gained weight. Abbreviations: HG: 
hyperemesis gravidarum, PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 
indicates more severe symptoms.

Supporting Information Table S3. RCT analysis according to intention-to-treat

Enteral tube 
feeding

Standard care P-value

In total: N=49 N=25 N=24
Index pregnancy (during MOTHER study)
Baseline characteristics
Age (years), mean ± SD 28.9 ± 5.0 30.1 ± 4.5 0.38*
Education level, n (%) 0.17‡

- Primary or secondary 9 (36.0%) 12 (50.0%)
- Higher 11 (44.0%) 10 (41.7%)

Primigravida at time of MOTHER inclusion, n (%) 11 (44.0%) 5 (20.8%) 0.08‡
HG in pregnancy prior to MOTHER inclusion, n (%) a 7 (50.0%) 11 (57.9%) 0.65‡
Measures of HG severity
Weight change (kg), mean ± SD b -2.8 ± 4.1 -4.7 ± 4.4 0.12*
PUQE-24 at inclusion, median (IQR) 12.0 (10.5-14.0) 12.0 (10.0-13.0) 0.40†
Total duration of hospital admission(s) (days), median (IQR) 6.0 (3.0-9.0) 5.0 (3.3-9.5) 0.99†

4
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Supporting Information Table S3. Continued
Enteral tube 
feeding

Standard care P-value

In total: N=49 N=25 N=24
Admission in 2nd or 3rd trimester, n (%) 7 (28.0%) 3 (12.5%) 0.29§
Follow-up study
Women who got pregnant again, n (%) 15 (60.0%) 9 (37.5%) 0.12‡
Number of pregnancies after MOTHER study, n (%) 0.46‡

- 1 pregnancy 12 (48.0%) 6 (25.0%)
- 2 pregnancies 3 (12.0%) 2 (8.3%)
- 3 or more pregnancies - 1 (4.2%)

Women who did not become pregnant again due to 
fear for recurrent HG, n (%)

6 (24.0%) 8 (33.3%) 1.00§

Time interval between MOTHER and follow-up study 
participation (years), median (IQR)

4.7 (3.9-5.1) 4.6 (4.1-4.9) 0.87†

Recurrence rate of HG
Reoccurrence of vomiting symptoms, n (%) 14 (93.3%) 9 (100.0%) 1.00§
Gestation when vomiting started (weeks), median (IQR) 5.5 (4.8-6.3) 6.0 (4.3-7.0) 0.56†
Used multiple (2 or more) HG related medication, n (%) 11 (73.3%) 5 (55.6%) 0.41§
Was admitted to the hospital, n (%) 12 (80.0%) 4 (44.4%) 0.10§
Duration of hospital admissions (days), median (IQR) 7.0 (5.0-8.0) 2.3 (1.1-3.8) <0.01†

- Had weight loss, n (%) c 13 (86.7%) 3 (33.3%) 0.02§
- Had >5% weight loss, n (%) 10 (66.7%) 1 (11.1%) 0.01§

Average weight change (kg), median (IQR) c -4.5 (-7.3 to 
-2.9)

0.0 (-2.8-0.0) 0.01†

Received tube feeding, n (%) 3 (20.0%) 0 (0.0%) 0.27§
NVP affected her job, n (%) 12 (80.0%) 4 (44.4%) 0.10§
NVP affected her life, n (%) 13 (86.7%) 6 (66.7%) 0.33§
Had HG, n (%) d 14 (93.3%) 9 (100.0%) 1.00§
Postponed or terminated pregnancies
Postponed a pregnancy due to HG in the past, n (%) 6 (24.0%) 3 (12.5%) 1.00§
Considered terminating a pregnancy due to suffering 
from HG in subsequent pregnancies, n (%)

5 (33.3%) 2 (22.2%) 0.67§

Terminated a pregnancy due to suffering from HG in 
subsequent pregnancies, n (%)

1 (6.7%) 0 (0.0%) 1.00§

Data represented with mean±SD, median (IQR) or frequency (%). Significant P-values<0.05 are marked in bold.
* P-values using Independent Student’s t-test, † P-values using Mann-Whitney U test, ‡ P-values using Chi-square test, § 
P-values using Fisher’s exact test. a Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b 

Weight change is weight at baseline minus prepregnancy weight. c Lowest weight during pregnancy minus prepregnancy 
weight. Both can be < 0 if women lost weight and can be > 0 if women gained weight. d HG defined as: vomiting symptoms 
with either multiple medication use, hospital admission, weight loss during pregnancy, tube feeding, NVP affecting her 
job and/or life. Abbreviations: HG: hyperemesis gravidarum, NVP: nausea and vomiting in pregnancy, PUQE-24: 24-hour 
Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms, RCT: 
randomized controlled trial.
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Supporting Information Table S4. RCT analysis according to as treated

Enteral tube 
feeding

Standard 
care

P-value

In total: N=35 N=15 N=20
Index pregnancy (during MOTHER study)
Baseline characteristics
Age (years), mean ± SD 27.7 ± 3.8 30.6 ± 4.3 0.047*
Education level, n (%) 0.55‡

- Primary or secondary 5 (33.3%) 10 (50.0%)
- Higher 7 (46.7%) 9 (45.0%)

Primigravida at time of MOTHER inclusion, n (%) 7 (46.7%) 5 (25.0) 0.18‡
HG in pregnancy prior to MOTHER inclusion, n (%) a 6 (75.0%) 9 (60.0%) 0.66§
Measures of HG severity
Weight change (kg), mean ± SD b -6.0 ± 5.6 -4.0 ± 2.3 0.22*
PUQE-24 at inclusion, median (IQR) 12.5 (11.0-14.0) 11.0 (9.5-13.0) 0.15†
Total duration of hospital admission(s) (days), median (IQR) 7.0 (3.0-10.0) 4.0 (3.0-5.8) 0.20†
Admission in 2nd or 3rd trimester, n (%) 2 (13.3%) 2 (10.0%) 1.00§

Follow-up study
Women who got pregnant again, n (%) 8 (53.3%) 7 (35.0%) 0.28‡
Number of pregnancies after MOTHER study, n (%) 0.31‡

- 1 pregnancy 4 (50.0%) 5 (71.4%)
- 2 pregnancies 3 (37.5%) 2 (28.6%)
- 3 or more pregnancies 1 (12.5%) 0 (0.0%)

Women who did not become pregnant again due to 
fear for recurrent HG, n (%)

6 (85.7%) 7 (53.8%) 0.33§

Time interval between MOTHER and follow-up study 
participation (years), median (IQR)

4.7 (3.9-5.0) 4.6 (4.1-5.0) 0.86†

Recurrence rate of HG
Reoccurrence of vomiting symptoms, n (%) 8 (100.0%) 7 (100.0%) -
Gestation when vomiting started (weeks), median (IQR) 6.0 (5.0-6.8) 6.0 (3.5-7.0) 1.00†
Used multiple (2 or more) HG related medication, n (%) 7 (87.5%) 4 (57.1%) 0.28§
Was admitted to the hospital, n (%) 6 (75.0%) 4 (57.1%) 0.61§
Duration of hospital admissions (days), median (IQR) 6.0 (4.8-9.8) 2.3 (1.1-3.8) 0.01†
Had weight loss, n (%) c 6 (75.0%) 2 (28.6%) 0.13§
Had >5% weight loss, n (%) 5 (62.5%) 1 (14.3%) 0.12§
Average weight change (kg), median (IQR) c -4.0 (-8.0 to -2.0) 0.0 (-3.8-0.0) 0.23†
Received tube feeding, n (%) 2 (25.0%) 0 (0.0%) 0.47§
NVP affected her job, n (%) 6 (75.0%) 4 (57.1%) 0.61§
NVP affected her life, n (%) 7 (87.5%) 5 (71.4%) 0.57§
Had HG, n (%) d 8 (100.0%) 7 (100.0%) -

4
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Supporting Information Table S4. Continued

Enteral tube 
feeding

Standard 
care

P-value

In total: N=35 N=15 N=20
Postponed or terminated pregnancies
Postponed a pregnancy due to HG in the past, n (%) 4 (26.7%) 3 (15.0%) 1.00§
Considered terminating a pregnancy due to suffering 
from HG in subsequent pregnancies, n (%)

4 (50.0%) 1 (14.3%) 0.28§

Terminated a pregnancy due to suffering from HG in 
subsequent pregnancies, n (%)

1 (12.5%) 0 (0.0%) 1.00§

Data represented with mean±SD, median (IQR) or frequency (%). Significant P-values<0.05 are marked in bold.
* P-values using Independent Student’s t-test, † P-values using Mann-Whitney U test, ‡ P-values using Chi-square test, § 
P-values using Fisher’s exact test. a Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b 

Weight change is weight at baseline minus prepregnancy weight. c Lowest weight during pregnancy minus prepregnancy 
weight. Both can be < 0 if women lost weight and can be > 0 if women gained weight. d HG defined as: vomiting symptoms 
with either multiple medication use, hospital admission, weight loss during pregnancy, tube feeding, NVP affecting her 
job and/or life. Abbreviations: HG: hyperemesis gravidarum, NVP: nausea and vomiting in pregnancy, PUQE-24: 24-hour 
Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms, RCT: 
randomized controlled trial.

Supporting Information Table S5. RCT analysis according to per protocol

Enteral tube 
feeding

Standard 
care

P-value

In total: N=32 N=12 N=20
Index pregnancy (during MOTHER study)
Baseline characteristics
Age (years), mean ± SD 28.0 ± 3.4 30.6 ± 4.3 0.08*
Education level, n (%) 0.70§

- Primary or secondary 4 (33.3%) 10 (50.0%)
- Higher 6 (50.0%) 9 (45.0%)

Primigravida at time of MOTHER inclusion, n (%) 7 (58.3%) 5 (25.0%) 0.13§
HG in pregnancy prior to MOTHER inclusion, n (%) a 4 (80.0%) 9 (60.0%) 0.61§
Measures of HG severity
Weight change (kg), mean ± SD b -4.9 ± 3.7 -4.0 ± 2.3 0.39*
PUQE-24 at inclusion, median (IQR) 13.0 (11.0-14.0) 11.0 (9.5-13.0) 0.13†
Total duration of hospital admission(s) (days), median (IQR) 5.0 (3.0-10.3) 4.0 (3.0-5.8) 0.50†
Admission in 2nd or 3rd trimester, n (%) 2 (16.7%) 2 (10.0%) 0.62§

Follow-up study
Women who got pregnant again, n (%) 6 (50.0%) 7 (35.0%) 0.47§
Number of pregnancies after MOTHER study, n (%) 0.45‡

- 1 pregnancy 3 (50.0%) 5 (71.4%)
- 2 pregnancies 3 (50.0%) 2 (28.6%)
- 3 or more pregnancies 0 (0.0%) 0 (0.0%)
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Supporting Information Table S5. Continued
Enteral tube 
feeding

Standard 
care

P-value

In total: N=32 N=12 N=20
Women who did not become pregnant again due to 
fear for recurrent HG, n (%)

5 (83.3%) 7 (53.8%) 0.33§

Time interval between MOTHER and follow-up study 
participation (years), median (IQR)

4.6 (3.8-5.1) 4.6 (4.1-5.0) 0.72†

Recurrence rate of HG
Reoccurrence of vomiting symptoms, n (%) 6 (100.0%) 7 (100.0%) -
Gestation when vomiting started (weeks), median (IQR) 5.5 (4.8-7.0) 6.0 (3.5-7.0) 0.95†
Used multiple (2 or more) HG related medication, n (%) 6 (100.0%) 4 (57.1%) 0.19§
Was admitted to the hospital, n (%) 6 (100.0%) 4 (57.1%) 0.19§
Duration of hospital admissions (days), median (IQR) 6.0 (4.8-9.8) 2.3 (1.1-3.8) 0.01†
Had weight loss, n (%) c 5 (83.3%) 2 (28.6%) 0.10§
Had >5% weight loss, n (%) 5 (83.3%) 1 (14.3%) 0.03§
Average weight change (kg), median (IQR) c -5.0 (-8.5 to -3.3) 0.0 (-3.8-0.0) 0.052†
Received tube feeding, n (%) 2 (33.3%) 0 (0.0%) 0.19§
NVP affected her job, n (%) 6 (100.0%) 4 (57.1%) 0.19§
NVP affected her life, n (%) 6 (100.0%) 5 (71.4%) 0.64§
Had HG, n (%) d 6 (100.0%) 7 (100.0%) -
Postponed or terminated pregnancies
Postponed a pregnancy due to HG in the past, n (%) 4 (33.3%) 3 (15.0%) 0.59§
Considered terminating a pregnancy due to suffering 
from HG in subsequent pregnancies, n (%)

3 (50.0%) 1 (14.3%) 0.27§

Terminated a pregnancy due to suffering from HG in 
subsequent pregnancies, n (%)

1 (16.7%) 0 (0.0%) 0.46§

Data represented with mean±SD, median (IQR) or frequency (%). Significant P-values<0.05 are marked in bold.
* P-values using Independent Student’s t-test, † P-values using Mann-Whitney U test, ‡ P-values using Chi-square test, § 
P-values using Fisher’s exact test. a Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b 

Weight change is weight at baseline minus prepregnancy weight. c Lowest weight during pregnancy minus prepregnancy 
weight. Both can be < 0 if women lost weight and can be > 0 if women gained weight. d HG defined as: vomiting symptoms 
with either multiple medication use, hospital admission, weight loss during pregnancy, tube feeding, NVP affecting her 
job and/or life. Abbreviations: HG: hyperemesis gravidarum, NVP: nausea and vomiting in pregnancy, PUQE-24: 24-hour 
Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms, RCT: 
randomized controlled trial.
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Supporting Information Table S6. Sensitivity analysis between women of the RCT included in the 
follow-up study and women of the RCT who were lost to follow-up

RCT participants 
included in 
follow-up study
N=49

RCT participants 
not included in 
follow-up study
N=66

P-value

Index pregnancy (during MOTHER study)
Baseline characteristics
Age (years), mean ± SD 29.5 ± 4.8 27.7 ± 4.7 0.050*
Education level, n (%) 0.03‡

- Primary or secondary 21 (42.9%) 34 (51.5%)
- Higher 21 (42.9%) 13 (19.7%)

Primigravida at time of MOTHER inclusion, n (%) 16 (32.7%) 20 (30.3%) 0.79‡
HG in pregnancy prior to MOTHER inclusion, n (%) a 18 (54.5%) 23 (50.0%) 0.69‡
Measures of HG severity
Weight change (kg), mean ± SD b -3.7 ± 4.3 -3.1 ± 4.2 0.47*
PUQE-24 at inclusion, median (IQR) 12.0 (10.0-14.0) 11.0 (7.5-13.5) 0.06†
Total duration of hospital admission(s) (days), 
median (IQR)

5.0 (3.0-9.0) 5.0 (4.0-8.3) 0.41†

Admission in 2nd or 3rd trimester, n (%) 10 (20.4%) 18 (27.3%) 0.40‡

Data represented with mean±SD, median (IQR) or frequency (%). Significant P-values<0.05 are marked in bold. 
* P-values using Independent Student’s t-test, † P-values using Mann-Whitney U test, ‡ P-values using Chi-square test, a 

Percentage shown is frequency divided by multigravidas at time of MOTHER inclusion. b Weight change is weight at baseline 
minus prepregnancy weight: can be < 0 if women lost weight and can be > 0 if women gained weight. Abbreviations: HG: 
hyperemesis gravidarum, PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 
indicates more severe symptoms, RCT: randomized controlled trial.
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ABSTRACT

Objective
To determine the prevalence of depression, anxiety and posttraumatic stress disorder (PTSD) 

years after hyperemesis gravidarum (HG) and its association with HG severity.

Material and methods
This prospective cohort study consisted of a follow-up of 215 women admitted for HG, who 

were eligible to participate in a randomized controlled trial and either declined or agreed to be 

randomized between 2013 and 2016 in 19 hospitals in the Netherlands. Participants completed 

the Hospital Anxiety and Depression Scale (HADS) six weeks postpartum and during follow-up 

and the PTSD checklist for DSM-5 (PCL-5) during follow-up. An anxiety or depression score ≥8 

is indicative of an anxiety or depression disorder and a PCL-5 ≥31 indicative of PTSD. Measures 

of HG severity were symptom severity (PUQE-24: Pregnancy Unique Quantification of Emesis), 

weight change, duration of admissions, readmissions and admissions after the first trimester.

Results
54/215 participants completed the HADS six weeks postpartum and 73/215 participants 

completed the follow-up questionnaire, on average 4.5 years later. Six weeks postpartum, 13 

participants (24.1%) had an anxiety score ≥8 and 11 participants (20.4%) a depression score ≥8. 

During follow-up, 29 participants (39.7%) had an anxiety score ≥8, 20 participants (27.4%) a 

depression score ≥8 and 16 participants (21.9%) a PCL-5 ≥31.

Multivariable logistic regression analysis showed that for every additional point of the mean 

PUQE-24 three weeks after inclusion, the likelihood of having an anxiety score ≥8 and PCL-5 ≥31 

at follow-up increased with OR 1.41 (95% CI: 1.10;1.79) and OR 1.49 (95% CI: 1.06;2.10) respectively.

Conclusion
Depression, anxiety and PTSD symptoms are common years after HG occurred.
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INTRODUCTION

Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting in pregnancy. 

Dehydration, electrolyte disturbances or weight loss can necessitate hospital admission for 

intravenous rehydration or tube feeding. 1 A systematic review published in 2017 showed a 

higher incidence of depression and anxiety symptoms during pregnancy in women suffering 

from HG.2 Some studies have suggested that psychiatric diagnoses predispose to HG,3 whereas 

others have argued that HG causes depression, anxiety as well as posttraumatic stress disorder 

(PTSD) symptoms.4-6 The fact that HG symptom improvement has been associated with a 

reduction in anxiety and depression symptoms, supports the latter of the two hypotheses.7-9

Increases in depression and PTSD symptoms after pregnancies complicated by HG have been 

reported.4-6, 10, 11 There have been suggestions of a possible dose-response effect with higher 

depression and PTSD scores postpartum among women with increased HG symptoms or with 

a prolonged disease course, hinting at a causal relationship between HG and psychopathology 

that persists postpartum.4, 5, 11

Altogether, there is a limited body of evidence on the size and strength of the association 

between HG symptom severity and depression, anxiety and PTSD symptoms. Furthermore, 

recently the long term maternal mental health consequences of HG were identified by patients 

and clinicians as one of the top 10 HG priority research questions.12 Therefore, in the present 

study, we aim to prospectively determine the association between HG symptom severity and 

depression, anxiety and PTSD symptoms in women years after HG diagnosis.

5
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MATERIAL AND METHODS

Study design MOTHER
Our study is a prospective follow-up study of the MOTHER (Maternal and Offspring outcomes 

after Treatment of HyperEmesis by Refeeding) study.13 The MOTHER study included women 

admitted for HG between 5 and 20 weeks gestation and consisted of a randomized controlled 

trial (RCT) and associated observational cohort of women who were eligible for participation 

in the trial but who declined randomization. The RCT assessed whether early enteral tube 

feeding in addition to standard care for women admitted with HG improved maternal or 

perinatal outcomes. Since this was not the case, we were able to combine the RCT and cohort 

into one study population for this follow-up study. Between 2013 and 2016, the RCT included 

115 women and the cohort another 100 women. The MOTHER study was approved by the 

research ethics committee of the Amsterdam UMC and registered at the Dutch trial register 

(NTR4197). More detailed information about the MOTHER study can be found in the previous 

published study protocol and earlier work.14, 15

Measures of HG severity of the index pregnancy
The MOTHER study prospectively collected detailed information about pregnancy and delivery, 

extracted by trained research staff from medical files. Data regarding medical history, including 

a history or ongoing disease of depressive, anxiety and/or eating disorders, were also collected 

from medical files. Participants self-reported their pre-pregnancy weight, ethnicity and highest 

completed level of education. If self-reported data was missing, these features were extracted 

from medical file where available.

In this study, the pregnancy in which women had participated in the MOTHER study was 

designated as the index pregnancy and measures of HG severity in this pregnancy were used 

as predictor variables in regression analysis. HG severity in the index pregnancy was assessed 

by symptom severity at inclusion, as measured by the self-reported 24-hour Pregnancy Unique 

Quantification of Emesis (PUQE-24) score, and the mean PUQE-24 three weeks after inclusion, 

weight change, total duration of hospital admissions, being readmitted and being admitted 

after the first trimester. The PUQE-24 score could vary from 3 to 15 with a higher PUQE-24 score 

indicating more severe symptoms.16 The mean PUQE-24 score in the first three weeks after 

inclusion was calculated by summing up available weekly PUQE-24 scores and dividing by the 

total number of weekly PUQE-24 scores available. Weight change was calculated by comparing 

weight at inclusion to pre-pregnancy weight.
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Follow-up study procedures
MOTHER study participants who gave consent to be approached for follow-up studies were 

invited for this follow-up study by email. Participants completed a single online questionnaire. 

Reminder emails were sent on three occasions to complete the questionnaire. Informed 

consent was obtained separately for the MOTHER study and the present follow-up study. 

Ethical approval for the follow-up study was not necessary, according to the Medical Research 

Involving Human Subjects Act (W20_066 #20.094).

The questionnaire consisted of questions about maternal mental health, as well as subsequent 

pregnancies after inclusion in the MOTHER. We asked whether participants had suffered from 

HG again after the MOTHER study, defining HG as vomiting symptoms which occurred with 

either: multiple medication use, weight loss, hospital admission for HG, tube feeding or in which 

nausea and vomiting symptoms affected their life and/or work. The full follow-up questionnaire 

is enclosed as Appendix S1. More detailed findings on HG recurrence rates in subsequent 

pregnancies of this follow-up study are previously published.17

Outcome measures: depression, anxiety and PTSD symptoms
Depression and anxiety symptoms were self-reported at inclusion of the MOTHER study and 

six weeks postpartum by use of the Hospital Anxiety and Depression Scale (HADS).18 A higher 

HADS indicates more severe depression or anxiety symptoms: a depression or anxiety score 

greater than or equal to 8 is considered borderline and greater than or equal to 11 as abnormal.18 

Depression and anxiety symptoms were again assessed during the follow-up study using the 

HADS. PTSD symptoms were assessed during follow-up using the PTSD CheckList for DSM-5 

(PCL-5).19, 20 A higher PCL-5 score indicates more severe PTSD symptoms: a PCL-5 score greater 

or equal to 31 indicates PTSD. The follow-up questionnaire did not include questions about 

possible treatments for depression, anxiety or PTSD symptoms. The questionnaire was available 

in both Dutch and English. The HADS has been validated in both languages,21 while the PCL-5 

has only been validated in English.22

Statistical analyses
To assess selective attrition, baseline characteristics and measures of HG severity and course 

of the index pregnancy were compared between women participating in the follow-up study 

and those who were lost to follow-up or declined participation in the present study, using 

independent students t test, Mann-Whitney U test and Chi-square test.

5
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Univariable logistic and linear regression analysis was used to assess possible risk factors for 

depression, anxiety and PTSD symptoms, including having an HG pregnancy between MOTHER 

and follow-up study participation. Subsequently, we performed univariable and multivariable 

logistic and linear regression analysis to assess the association between each of the measures of 

HG severity of the index pregnancy and dichotomous outcomes (HADS anxiety and depression 

score ≥8 and PCL-5 score ≥31) and continuous outcomes (total HADS and PCL-5 score). In 

multivariable logistic regression analysis, due to the small number of events, we were only 

able to adjust for a single confounder.23 We opted to correct for the risk factor with the lowest 

P-value in univariable logistic regression analysis. In multivariable linear regression analysis we 

were able to adjust for more confounders and included risk factors which were significantly 

associated in univariable linear regression analysis based on a P-value <0.10 as confounders. 

Outcomes variables that were not normally distributed were log transformed, back transformed 

and expressed in percentages of differences.

Lastly, we assessed differences in depression, anxiety and PTSD symptoms between the 

treatment arms of the RCT. We performed an intention-to-treat, per protocol (receiving tube 

feeding within 3 days after randomization and continued for at least 7 days) and as treated 

analysis (receiving tube feeding within 7 days after randomization and continued for at least 7 

days). Two-sided P-values <0.05 were considered statistically significant. We used SPSS Statistics 

26.0 for Windows (IBM Corp., Armonk, NY, USA) for all analyses.

Patient and public involvement
The Dutch HG patient support group Zwangerschapsmisselijkheid en Hyperemesis Gravidarum 

was involved in setting up the MOTHER and the follow-up study. One author (CD) is a patient 

representative and gave perspective on the interpretation of the results.

RESULTS

Participants
From the 215 participating women in the MOTHER study, 54 women (25.1%) completed 

the HADS at six weeks postpartum between 2014 and 2016.(Supplement Figure 1) We 

approached 190 out of 215 women who gave consent to be contacted for follow-up studies 

and from whom we had an e-mail address available. 73 women (34.0%) completed the 

follow-up questionnaire between March and May 2020, on average 4.5 years later. Baseline 

characteristics are presented in Table 1.
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As shown in Supplement Table S1, participants of the follow-up study were significantly 

more often of western ethnicity (71.2% vs. 50.0%, P=0.01), had higher educational attainment 

(39.7% vs. 19.7%, P=0.02) and had had higher PUQE-24 scores (11 (9-13) vs. 9 (7-12), P=0.01) than 

women who were lost to follow-up or declined participation in the present study.

Depression and anxiety symptoms
At inclusion of the MOTHER study, while suffering from HG, 31 out of 61 participants (50.8%) 

had an anxiety score ≥8 and 56 out of 61 participants (91.8%) had a depression score ≥8.(Table 

1) Six weeks postpartum, 13 out of 54 participants (24.1%) had an anxiety score ≥8 and 11 

participants (20.4%) had a depression score ≥8. At follow-up, 29 out of 73 participants (39.7%) 

had an anxiety score ≥8 and 20 women (27.4%) had a depression score ≥8.

We were not able to identify risk factors that were associated with a depression or anxiety 

score ≥8 at six weeks postpartum in univariable logistic regression.(Supplement Table S2) 

A history of any traumatic event (OR 3.63, 95% CI: 1.29;10.20) and having an HG pregnancy 

between MOTHER and follow-up participation (OR 2.74, 95% CI: 1.04;7.20) were associated 

with having an anxiety score ≥8 at follow-up.(Supplement Table S2) Younger maternal age 

(OR 0.84, 95% CI: 0.73;0.96), a higher HADS at inclusion of the MOTHER study (OR 1.14, 95% CI: 

1.02;1.27) and a history of a traumatic event (OR 3.08, 95% CI: 1.05;9.03) were associated with a 

depression score ≥8 at follow-up.

HG severity of the index pregnancy and depression and anxiety symptoms

Multivariable logistic regression analysis showed that for every additional point of the mean 

PUQE-24 score in the first three weeks after inclusion of the index pregnancy, the likelihood 

of having an anxiety score ≥8 at time of the follow-up study increased with OR 1.41 (95% CI: 

1.10;1.79).(Table 2) None of the HG severity measures of the index pregnancy were associated 

with depression and anxiety scores six weeks postpartum or depression score ≥8 and total 

HADS at follow-up in both logistic and linear regression analysis.(Table 2 and Supplement 

Table S3)

Depression and anxiety symptoms according to RCT treatment allocation

Among RCT participants, we did not find any differences in depression and anxiety symptoms 

at six weeks postpartum and at follow-up between women in the enteral tube feeding group 

and women in the standard care group in intention-to-treat, as treated and per protocol 

analysis.(Supplement Tables S4-6)

5
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PTSD symptoms
At follow-up, 16 out of 73 participants (21.9%) had a PCL-5 score ≥31, indicating PTSD.(Table 

1) A higher HADS at inclusion of the MOTHER study was associated with a PCL-5 score ≥31 

in univariable logistic regression (OR 1.20, 95% CI: 1.04;1.29) and with higher PCL-5 scores in 

univariable linear regression (β 5.65, 95% CI: 1.31;10.08).(Supplement Table S2).

Table 1. Baseline characteristics and outcome measures of women included in this follow-up study

 Index pregnancy (during MOTHER study)
Baseline characteristics N=73
Age (years) 29.25 ± 4.62

Ethnicity
- Western 52 (71.2%)
- Non-western 12 (16.4%)

Education level
- Primary or secondary 27 (37.0%)
- Higher 29 (39.7%)

Primigravida at the time 26 (35.6%)
History of mental health disease a 12 (16.4%)
HG in previous pregnancy b 23 (48.9%)
HG in previous pregnancy requiring hospital admission b 12 (25.5%)
Maternal outcomes
Weight change (kg) c -3.40 ± 3.85
PUQE-24 at inclusion 11.00 (9.00-13.00)
Mean PUQE-24 in the first 3 weeks after admission 9.19 ± 2.50
Total duration of hospital admissions (days) 5.00 (4.00-8.00)
Readmitted 24 (32.9%)
Admission after the first trimester 14 (19.2%)
HADS at inclusion 21.28 ± 6.65
Anxiety score ≥8 d 31 (50.8%)
Depression score ≥8 d 56 (91.8%)

 Follow-up:
Depression, anxiety and PTSD symptoms
HADS 6 weeks postpartum e 9.57 ± 6.24

- Anxiety score ≥8 e 13 (24.1%)
- Depression score ≥8 e 11 (20.4%)

HADS at follow-up study 10.00 (6.00-15.00)
- Anxiety score ≥8 29 (39.7%)
- Depression score ≥8 20 (27.4%)

PCL-5 score at follow-up study 13.00 (7.00-28.50)
- PCL-5 score ≥31 16 (21.9%)
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Table 1. Continued
History of any traumatic event 23 (31.5%)
History of an obstetric traumatic event 3 (4.1%)

Women who experienced a subsequent pregnancy after MOTHER 
participation

35 (47.9%)

Suffered from HG again between participation of the MOTHER and 
follow-up study f

30 (41.1%)

Data represented with mean±SD, median (IQR) or frequency (%). a History of mental health disease can consist of a depressive, 
anxiety, PTSD or eating disorder. b Percentage shown is frequency divided by multigravidas. c Weight change is weight 
at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight. d 

Percentage shown is frequency divided by number of HADS at inclusion available (n=61). e Different study group including 54 
women. f HG defined as: if vomiting symptoms occurred with either multiple medication use, weight loss, hospital admission 
for HG, requiring tube feeding or whether nausea and vomiting symptoms affected their life and/or work. Abbreviations: 
HG: hyperemesis gravidarum, HADS: hospital anxiety and depression scale: a higher HADS indicates more severe anxiety or 
depression symptoms, PCL-5: PTSD checklist for the DSM 5, PTSD: posttraumatic stress disorder, PUQE-24: 24-hour Pregnancy 
Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms and can vary from 
3 to 15.

Table 2. Logistic regression analysis to assess the association between measures of HG severity in the 
index pregnancy and HADS at 6 weeks postpartum and HADS and PCL-5 score at follow-up study.

6 weeks postpartum HADS 6 weeks postpartum: Anxiety score ≥8
OR 95% CI

Weight change (kg) 0.95 0.82;1.10
PUQE-24 at inclusion 0.83 0.63;1.08
Mean PUQE-24 in the first 3 weeks after 
admission

0.87 0.68;1.12

Total duration of hospital admission(s) 
(days)

1.08 0.94;1.24

Readmitted 2.02 0.57;7.14
Admission after the first trimester 2.22 0.58;8.49

HADS 6 weeks postpartum: Depression score ≥8
OR 95% CI

Weight change (kg) 0.91 0.78;1.06
PUQE-24 at inclusion 0.76 0.57;1.02
Mean PUQE-24 in the first 3 weeks after 
admission

0.75 0.55;1.01

Total duration of hospital admission(s) 
(days)

1.12 0.97;1.29

Readmitted 1.28 0.34;4.84
Admission after the first trimester 1.89 0.46;7.78
Follow-up study HADS at follow-up: Anxiety score ≥8

5
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Table 2. Continued
Model 1 Model 2*
OR 95% CI OR 95% CI

Weight change (kg) 0.92 0.81;1.04 0.90 0.78;1.03
PUQE-24 at inclusion 1.03 0.86;1.23 1.07 0.88;1.30
Mean PUQE-24 in the first 3 weeks after 
admission

1.32 1.06;1.64 1.41 1.10;1.79

Total duration of hospital admission(s) 
(days)

0.95 0.86;1.05 0.95 0.86;1.06

Readmitted 0.58 0.22;1.52 0.63 0.23;1.73
Admission after the first trimester 0.81 0.24;2.72 0.74 0.21;2.63

HADS at follow-up: Depression score ≥8
Model 1 Model 2**
OR 95% CI OR 95% CI

Weight change (kg) 0.89 0.77;1.03 0.92 0.80;1.07
PUQE-24 at inclusion 1.02 0.84;1.24 1.09 0.87;1.38
Mean PUQE-24 in the first 3 weeks after 
admission

1.12 0.90;1.38 1.15 0.89;1.48

Total duration of hospital admission(s) 
(days)

0.98 0.91;1.07 0.96 0.86;1.08

Readmitted 0.65 0.22;1.89 0.30 0.08;1.11
Admission after the first trimester 1.63 0.47;5.63 1.34 0.32;5.68

PCL-5 score at follow-up ≥31
Model 1 Model 2**
OR 95% CI OR 95% CI

Weight change (kg) 0.95 0.83;1.10 0.99 0.82;1.18
PUQE-24 at inclusion 0.98 0.79;1.21 1.03 0.81;1.32
Mean PUQE-24 in the first 3 weeks after 
admission

1.30 1.01;1.67 1.49 1.06;2.10

Total duration of hospital admission(s) 
(days)

0.92 0.78;1.08 0.80 0.61;1.05

Readmitted 0.54 0.17;1.76 0.24 0.05;1.12
Admission after the first trimester 0.97 0.23;3.98 0.68 0.11;4.13

P-values<0.05 are considered significant and marked in bold. Weight change during index pregnancy is weight at baseline 
minus prepregnancy weight and can be < 0 if women lost weight and > 0 if women gained weight. Logistic regression 
analysis: we were only able to perform multivariable logistic regression analysis for HADS and PCL-5 score at follow-up. 
Model 1: univariable regression analysis. Model 2: multivariable regression analysis: *adjusted for history of any traumatic 
event, **adjusted for HADS at inclusion during MOTHER study. Abbreviations: HADS: Hospital Anxiety and Depression Scale. 
A higher HADS indicates more severe depression or anxiety symptoms whereas a depression or anxiety score ≥8 is considered 
borderline/abnormal. HG: hyperemesis gravidarum, PCL-5: post-traumatic stress disease (PTSD) checklist for the DSM-5. A 
higher PCL-5 score indicates more severe PTSD symptoms whereas a PCL-5 score ≥31 indicates PTSD, PUQE: 24-hour Pregnancy 
Unique Quantification of Emesis and nausea. A higher PUQE-24 score indicates more severe symptoms.

HG severity of the index pregnancy and PTSD symptoms

Multivariable logistic regression analysis showed that for every additional point of the mean 

PUQE-24 score in the first three weeks after inclusion in the index pregnancy, the likelihood 
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of having a PCL-5 score ≥31 increased with OR 1.49 (95% CI: 1.06;2.10).(Table 2) Higher PUQE-

24 scores in the first three weeks after inclusion in the index pregnancy were also associated 

with a higher PCL-5 score in multivariable linear regression analysis as shown in Supplement 

Table S3 (β 16.65, 95% CI: 5.34;29.05). None of the other measures of HG severity of the index 

pregnancy were associated with the PCL-5 score during follow-up.

PTSD symptoms according to RCT treatment allocation

We found higher PCL-5 scores at follow-up among those receiving enteral tube feeding 

compared to those receiving standard care (27.0 (18.0-43.0) vs. 12.0 (3.5-27.5), P=0.046) in the 

as treated analysis.(Supplement Table S4-6) There was no difference in the likelihood that 

women in the early enteral tube feeding group had PCL-5 scores ≥31 compared to women in 

the standard care group.

DISCUSSION

Main findings
We found that, on average 4.5 years after having been admitted for HG, women were commonly 

affected by depression, anxiety and PTSD symptoms. Depression (20%) and anxiety rates (24%) 

at six weeks postpartum and at follow-up (resp. 27% and 40%) were considerably higher than 

postpartum depression and anxiety rates reported in the general population (resp. 0.8-2.6% 

and 17%).24, 25 Furthermore, we found that 22% of the women included in our study had PCL-5 

scores indicative of probable PTSD, in line with earlier reports,6 and again, considerably higher 

than PTSD rates reported in the general postpartum population (0.3-4.0%).24, 26 Importantly, our 

study suggests that higher vomiting scores in the index pregnancy were associated with an 

increased chance of meeting the diagnostic criteria for anxiety disorder and PTSD at follow-up.

Strengths and limitations
Prospectively collected detailed information of the index pregnancy was one of the strengths 

of this study. The fact that we collected information on whether HG pregnancies had occurred 

between MOTHER and follow-up study participation was another strength. We used validated 

questionnaires to assess symptom severity during index pregnancy and to evaluate depression, 

anxiety and PTSD symptoms. Additionally, depression and anxiety symptoms were measured 

at three different moments.

The main limitation of this study was that it is a small sample study and therefore could have 

lacked sufficient power to detect differences. Only 34% (73/215) of the MOTHER participants 

5
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completed the follow-up questionnaire, which made our study prone to selection bias and 

may hamper generalizability of our findings. Sensitivity analysis revealed that participants of 

the follow-up study had higher PUQE-24 scores in the index pregnancy than women who were 

lost to follow-up. Selective participation of more severely affected participants could partially 

explain the high depression, anxiety or PTSD rates in our study, but cannot explain the dose-

effect association between increased PUQE-24 scores and increased mental health symptoms. 

The time-interval between participation of the MOTHER and follow-up study, which could 

have taken up to 6 years, could also have affected our results. Depression, anxiety and PTSD 

symptoms may have improved over time, for example by receiving treatment, and therefore 

have led to an underestimation of symptoms.27, 28 Since we performed multiple statistical 

comparisons, it could be that some of our findings were due to chance. Unfortunately, no 

information on possible treatments for mental health disorders were collected in this follow-

up study. Finally, we were not able to compare depression, anxiety and PTSD rates between 

women with and without HG.

Interpretation
Depression rates in our study, at both six weeks postpartum and on average 4.5 years later, lie 

between the previously reported depression rates of 12% at six and twelve months postpartum 

by Kjeldgaard et al.5 and 29% at six weeks postpartum by Mitchell-Jones et al.29 These differences 

might be explained by the fact that Kjeldgaard et al.5 included HG patients based on ICD codes 

instead of a clinical HG diagnosis, despite the fact that ICD codes have been demonstrated 

not to be reliably identify HG patients.30 Misclassification of the disease could have led to 

underreporting of HG patients and in line depression rates. Conversely, due to self-selection 

participation in Mitchell-Jones et al.29 and due to selective participation in our study, it could 

be that these study populations consisted of a more severe group of HG patients, which may 

have led to higher reported depression rates.

Two studies have reported that prolonged HG, persisting in or beyond the second trimester, 

increases the chance of depression symptoms postpartum, which is at odds with our study, 

since we did not find associations between measures of HG severity of the index pregnancy 

and depression symptoms.4, 5 Since these two studies had larger study populations (respectively 

4.308 and 92.947 women), it could be that our study was simply too small to detect any 

significant associations.

Twenty two percent of the included women in our study had PCL-5 scores ≥31, indicative 

of probable PTSD, which is similar to the previously reported 18% of Christodoulou-Smith 
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et al.6 Their study did not specify which PTSD questionnaire was used and participants were 

retrieved through advertisement on a HG patient support group website with establishing 

HG pregnancies through self-reports, which could have led to an overestimation of PTSD 

rates. Both studies however provide evidence that PTSD symptoms are common in women 

who suffered from HG. There are several effective treatments available for PTSD, also during 

pregnancy.31

A more recent published study from Kjeldgaard et al.11 evaluated PTSD symptoms in the 

Norwegian Mother and Child Cohort by use of the Impact of Event Score, and reported that 

women with HG had higher PTSD scores at 8 weeks postpartum compared to women with 

no, mild or severe nausea; an association that remained after adjusting for having a depression 

or anxiety disorder in their medical history. These findings are similar to ours. We found that 

higher vomiting scores were associated with higher PTSD and anxiety symptoms at follow-

up. Unfortunately, our study design hampers our ability to draw any firm conclusions about 

the causal direction of this association. However, it is important to highlight the fact that our 

study, together with previous published studies, found a dose-effect response between HG 

symptom severity and depression, anxiety and PTSD symptoms. Together with the fact that 

only 16% of included patients in this study had a medical history of a mental health disease, 

these findings support the notion that HG itself leads to depression, anxiety or PTSD symptoms, 

instead of women with a pre-existent psychiatric illness being more predisposed to develop 

HG. This is consistent with qualitative studies stating that the burden of HG leads to developing 

psychological symptoms instead of being the cause of the disease.32 This notion is further 

supported by the fact that in our study an additional pregnancy affected by HG between 

the index pregnancy and follow-up participation more than doubled the odds of having an 

anxiety disorder at follow-up, a further suggestion of a dose-response effect with increased 

HG burden negatively impacting future mental health.

Conclusion
Taken together, our study confirms that anxiety, depression and PTSD symptoms are common 

in women previously admitted for HG. Moreover, our study suggests that an increased burden 

of HG, either as evident from higher symptom scores or higher total number of HG affected 

pregnancies, are at an increased risk of developing an anxiety disorder or PTSD. Future studies 

should confirm whether better treatment of HG can prevent or improve depression, anxiety 

and PTSD symptoms.

5

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   131160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   131 25-8-2022   20:10:5025-8-2022   20:10:50



132

Chapter 5

Acknowledgements
We thank all participating women in both the MOTHER and follow-up study.

Funding
The MOTHER study was supported by a research grant from the North West Hospital Group, 

Alkmaar, The Netherlands under grant number 2013T085. The follow-up study was supported 

by the Amsterdam Reproduction and Development (AR&D) research institute, Amsterdam UMC, 

The Netherlands under project number 23346. Neither funders had any role in the planning, 

execution or interpretation of this study.

Contribution to authorsip
IJG, TJR and RCP conceived and conducted the MOTHER study. KN and RCP conceived and 

conducted the follow-up study. LMvdM helped develop the online survey tool. JMJB, CR-S, HAB, 

DPvdH, WMH, AH, GK, SK, JOEHvL, JL, FvdM, DP, M-JP, PJP, LvRF, RJR, HCJS, TV, BWM, MHK, IJG and 

RCP recruited participants for the original MOTHER study and collected data. KN performed 

the statistical analyses, under supervision of RCP and RvE, and drafted the manuscript. CD is 

a patient representative and gave perspective on the interpretation of the results. All authors 

(LvdM, CD, JMJB, CR-S, RvE, HAB, DPvdH, WMH, AH, GK, SK, JOEHvL, JL, FvdM, DP, M-JP, PJP, LvRF, 

RJR, HCJS, TV, BWM, MHK, IJG, RCP and MvO) critically reviewed and approved the final draft 

of the manuscript.

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   132160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   132 25-8-2022   20:10:5025-8-2022   20:10:50



133

Maternal mental health after hyperemesis gravidarum

REFERENCES

1. Gazmararian JA, Petersen R, Jamieson DJ, Schild L, Adams MM, Deshpande AD, et al. Hospitalizations 
during pregnancy among managed care enrollees. Obstetrics and gynecology. 2002;100(1):94-100.

2. Mitchell-Jones N, Gallos I, Farren J, Tobias A, Bottomley C, Bourne T. Psychological morbidity 
associated with hyperemesis gravidarum: a systematic review and meta-analysis. BJOG : an 
international journal of obstetrics and gynaecology. 2017;124(1):20-30.

3. Kjeldgaard HK, Eberhard-Gran M, Benth J, Nordeng H, Vikanes Å V. History of depression and risk 
of hyperemesis gravidarum: a population-based cohort study. Archives of women’s mental health. 
2017;20(3):397-404.

4. Iliadis SI, Axfors C, Johansson S, Skalkidou A, Mulic-Lutvica A. Women with prolonged nausea 
in pregnancy have increased risk for depressive symptoms postpartum. Scientific reports. 
2018;8(1):15796.

5. Kjeldgaard HK, Eberhard-Gran M, Benth JS, Vikanes AV. Hyperemesis gravidarum and the risk of 
emotional distress during and after pregnancy. Archives of women’s mental health. 2017;20(6):747-56.

6. Christodoulou-Smith J, Gold JI, Romero R, Goodwin TM, Macgibbon KW, Mullin PM, et al. 
Posttraumatic stress symptoms following pregnancy complicated by hyperemesis gravidarum. 
The journal of maternal-fetal & neonatal medicine : the official journal of the European Association of 
Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society 
of Perinatal Obstet. 2011;24(11):1307-11.

7. McCarthy FP, Khashan AS, North RA, Moss-Morris R, Baker PN, Dekker G, et al. A Prospective Cohort 
Study Investigating Associations between Hyperemesis Gravidarum and Cognitive, Behavioural and 
Emotional Well-Being in Pregnancy. PloS one. 2011;6(11):e27678.

8. Annagür BB, Tazegül A, Gündüz S. Do psychiatric disorders continue during pregnancy in women 
with hyperemesis gravidarum: a prospective study. Gen Hosp Psychiatry. 2013;35(5):492-6.

9. Tan PC, Zaidi SN, Azmi N, Omar SZ, Khong SY. Depression, anxiety, stress and hyperemesis gravidarum: 
temporal and case controlled correlates. PloS one. 2014;9(3):e92036.

10. Senturk MB, Yildiz G, Yildiz P, Yorguner N, Cakmak Y. The relationship between hyperemesis 
gravidarum and maternal psychiatric well-being during and after pregnancy: controlled study. The 
journal of maternal-fetal & neonatal medicine : the official journal of the European Association of 
Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society 
of Perinatal Obstet. 2017;30(11):1314-9.

11. Kjeldgaard HK, Vikanes A, Benth JS, Junge C, Garthus-Niegel S, Eberhard-Gran M. The association 
between the degree of nausea in pregnancy and subsequent posttraumatic stress. Archives of 
women’s mental health. 2019;22(4):493-501.

12. Dean CR, Bierma H, Clarke R, Cleary B, Ellis P, Gadsby R, et al. A patient–clinician James Lind Alliance 
partnership to identify research priorities for hyperemesis gravidarum. BMJ Open. 2021;11(1):e041254.

13. Grooten IJ, Koot MH, van der Post JA, Bais JM, Ris-Stalpers C, Naaktgeboren C, et al. Early enteral tube 
feeding in optimizing treatment of hyperemesis gravidarum: the Maternal and Offspring outcomes 
after Treatment of HyperEmesis by Refeeding (MOTHER) randomized controlled trial. The American 
journal of clinical nutrition. 2017;106(3):812-20.

14. Grooten IJ, Mol BW, van der Post JA, Ris-Stalpers C, Kok M, Bais JM, et al. Early nasogastric tube feeding 
in optimising treatment for hyperemesis gravidarum: the MOTHER randomised controlled trial 
(Maternal and Offspring outcomes after Treatment of HyperEmesis by Refeeding). BMC pregnancy 
and childbirth. 2016;16:22.

5

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   133160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   133 25-8-2022   20:10:5025-8-2022   20:10:50



134

Chapter 5

15. Nijsten K, Koot MH, van der Post JAM, Bais JMJ, Ris-Stalpers C, Naaktgeboren C, et al. Thyroid-
stimulating hormone and free thyroxine fail to predict the severity and clinical course of 
hyperemesis gravidarum: A prospective cohort study. Acta obstetricia et gynecologica Scandinavica. 
2021;100(8):1419-29.

16. Koren G, Piwko C, Ahn E, Boskovic R, Maltepe C, Einarson A, et al. Validation studies of the Pregnancy 
Unique-Quantification of Emesis (PUQE) scores. Journal of obstetrics and gynaecology : the journal 
of the Institute of Obstetrics and Gynaecology. 2005;25(3):241-4.

17. Nijsten K, Dean C, van der Minnen LM, Bais JMJ, Ris-Stalpers C, van Eekelen R, et al. Recurrence, 
postponing pregnancy, and termination rates after hyperemesis gravidarum: Follow up of the 
MOTHER study. Acta obstetricia et gynecologica Scandinavica. 2021;100(9):1636-43.

18. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta psychiatrica Scandinavica. 
1983;67(6):361-70.

19. Weathers FW LB, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The PTSD Checklist for DSM-5 (PCL-
5). 2018 [Available from: https://www.ptsd.va.gov/professional/assessment/documents/PCL5_
Standard_form.PDF.

20. van Herpen MM, Boeschoten MA, te Brake H, van der Aa N, Olff M. Mobile Insight in Risk, Resilience, 
and Online Referral (MIRROR): Psychometric Evaluation of an Online Self-Help Test. J Med Internet 
Res. 2020;22(9):e19716.

21. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression 
Scale. An updated literature review. J Psychosom Res. 2002;52(2):69-77.

22. Bovin MJ, Marx BP, Weathers FW, Gallagher MW, Rodriguez P, Schnurr PP, et al. Psychometric 
properties of the PTSD Checklist for Diagnostic and Statistical Manual of Mental Disorders-Fifth 
Edition (PCL-5) in veterans. Psychol Assess. 2016;28(11):1379-91.

23. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events 
per variable in logistic regression analysis. J Clin Epidemiol. 1996;49(12):1373-9.

24. Fawcett EJ, Fairbrother N, Cox ML, White IR, Fawcett JM. The Prevalence of Anxiety Disorders During 
Pregnancy and the Postpartum Period: A Multivariate Bayesian Meta-Analysis. J Clin Psychiatry. 
2019;80(4).

25. Shorey S, Chee CYI, Ng ED, Chan YH, Tam WWS, Chong YS. Prevalence and incidence of postpartum 
depression among healthy mothers: A systematic review and meta-analysis. J Psychiatr Res. 
2018;104:235-48.

26. Yildiz PD, Ayers S, Phillips L. The prevalence of posttraumatic stress disorder in pregnancy and after 
birth: A systematic review and meta-analysis. J Affect Disord. 2017;208:634-45.

27. Santiago PN, Ursano RJ, Gray CL, Pynoos RS, Spiegel D, Lewis-Fernandez R, et al. A systematic review 
of PTSD prevalence and trajectories in DSM-5 defined trauma exposed populations: intentional and 
non-intentional traumatic events. PloS one. 2013;8(4):e59236-e.

28. Stegenga BT, Kamphuis MH, King M, Nazareth I, Geerlings MI. The natural course and outcome of 
major depressive disorder in primary care: the PREDICT-NL study. Soc Psychiatry Psychiatr Epidemiol. 
2012;47(1):87-95.

29. Mitchell-Jones N, Lawson K, Bobdiwala S, Farren JA, Tobias A, Bourne T, et al. Association between 
hyperemesis gravidarum and psychological symptoms, psychosocial outcomes and infant bonding: 
a two-point prospective case–control multicentre survey study in an inner city setting. BMJ Open. 
2020;10(10):e039715.

30. Vikanes Å, Magnus P, Vangen S, Lomsdal S, Grjibovski AM. Hyperemesis gravidarum in the Medical 
Birth Registry of Norway – a validity study. BMC pregnancy and childbirth. 2012;12(1):115.

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   134160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   134 25-8-2022   20:10:5125-8-2022   20:10:51



135

Maternal mental health after hyperemesis gravidarum

31. Bisson JI, Olff M. Prevention and treatment of PTSD: the current evidence base. European Journal of 
Psychotraumatology. 2021;12(1):1824381.

32. Dean C, Bannigan K, Marsden J. Reviewing the effect of hyperemesis gravidarum on women’s lives 
and mental health. British Journal of Midwifery. 2018;26(2):109-19.

5

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   135160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   135 25-8-2022   20:10:5125-8-2022   20:10:51



136

Chapter 5

Appendix S1. Follow-up questionnaire

Part A: Subsequent pregnancies after participating in the MOTHER study

1. After the pregnancy in which you participated in the MOTHER study, were you pregnant 

again? (A miscarriage, ectopic pregnancy or preterm birth also count!)

a. Yes, continue with question 3.

b. No, continue with question 22.

2. How many times have you been pregnant since participating in the MOTHER study?

a. ….. (fill in a number)

If question 2 is answered with 2 or more then the following questions will be 

answered for every pregnancy for a maximum of 5 pregnancies

3. In which year was this pregnancy?

a. ….. (For example ‘2015’)

4. Did you postpone this pregnancy because of the severity of the nausea and vomiting 

symptoms in your previous pregnancy?

a. Yes

b. No

5. Did this pregnancy end in a miscarriage or was this an ectopic pregnancy?

a. No

b. Yes, this pregnancy ended in a miscarriage

c. Yes, this was an ectopic pregnancy

6. Did you experience any symptoms of nausea in this pregnancy?

a. Yes, continue with question 7

b. No, not at all. Continue with question 23 or go to ‘adding a new pregnancy’

7. How many weeks were you pregnant when you first felt nauseous?

a. ….. (in weeks)

8. How many weeks were you pregnant when you first started vomiting?

a. ….. (in weeks)

b. I did not have complains of vomiting

9. How many weeks were you pregnant when the nausea and vomiting symptoms had 

practically disappeared?

a. ….. (in weeks)
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10. Were you admitted in the hospital with severe nausea and vomiting in this pregnancy?

a. Yes, continue with question 11

b. No, continue with question 13

11. How many times were you admitted in the hospital in this pregnancy?

a. Once

b. Twice

c. 3 times

d. More than 3 times, namely …. Times

12. How many days were you in total admitted in the hospital in this pregnancy? (the day of 

admission and the day of discharge both count as 1 day)

a. ….. (Answer in days)

b. I don’t remember

13. Did you use any medication for the nausea and vomiting symptoms in this pregnancy?

a. Yes, continue with question 14

b. No, continue with question 15

14. Which medication did you use? (multiple options possible)

a. Suprimal

b. Emesafene

c. Primperan (Metoclopramide)

d. Zofran (Ondansetron)

e. Potassium solution (potassium drink (‘kaliumdrank’) or potassium intravenous)

f. Corticosteroids (methylprednisolon or hydrocortison)

g. Omeprazole or Ranitidine

h. Other, namely …. (free text)

i. I don’t remember which medication I used

15. Did you receive nasogastric tube feeding in this pregnancy?

a. Yes

b. No

16. Was this a singleton or a multiple pregnancy?

a. Singleton pregnancy

b. Twin pregnancy

c. Multiple pregnancy of three or more babies (triplets or quadruplets)?

17. Did the severity of nausea and vomiting affect your ability to work?

a. No, I was able to go to my work and did not have to call in sick at all

b. Partly: I was not able to go to my work for some days

c. Partly: I was not able to work for prolonged periods (eg weeks)

5
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d. I was not able to work at all

e. I did not had a job at the time

18. Did the severity of nausea and vomiting affect your everyday life?

a. Yes, the nausea and vomiting had an enormous effect on my everyday life

b. The nausea and vomiting affected my everyday life to some degree

c. No, The nausea and vomiting symptoms did not affect my everyday life at all

19. What was your weight before this pregnancy?

a. …. (in kilograms)

b. I don’t remember

20. What was your lowest weight during this pregnancy?

a. …. (in kilograms)

b. I don’t remember

21. Did you consider terminating this pregnancy because of the severity of the nausea and 

vomiting symptoms in this pregnancy or your previous pregnancy?

a. Yes, I terminated this pregnancy because of the severity of nausea and vomiting

b. I considered terminating this pregnancy, but in the end I continued this pregnancy

c. No, I did not consider terminating this pregnancy

d. Yes, I terminated this pregnancy, but due to other reasons than HG (f.e. congenital 

abnormalities or unwanted pregnancy)

• If answered ‘no’ to question 1 (and thus not have become pregnant again after 

participating in the MOTHER Study), continue with question 22

• If answered ‘yes’ to question 1 (and thus finished question 18), continue with 

question 23

22. After the pregnancy in which you participated in the MOTHER Study, did you’re not 

becoming pregnant again have to do with the severity of the nausea and vomiting during 

that pregnancy, or fear of having hyperemesis gravidarum again?

a. Yes

b. No, there were other reasons

23. Do you have family members who also had severe nausea and vomiting or hyperemesis 

gravidarum in pregnancy?

a. No

b. Yes: (multiple options possible)
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i. Mother

ii. Aunt

iii. Sister

iv. Grandmother

24. Do you have migraines?

a. Yes

b. No

25. Do you get motion sickness (eg car sick)?

a. Yes

b. No

26. What is your current height?

a. ….. (in centimeters)

27. What is your current weight?

b. ….. (in kilograms)

Part B: Depression and anxiety symptoms (HADS questionnaire)

Emotions play an important part in most illnesses. This questionnaire is designed to find out 

how you feel. Read each item below and tick the answer that comes closest to how you have 

been feeling in the past week.

28. I feel tense or ‘wound up’:

a. Most of the time

b. A lot of the time

c. From time to time, occasionally

d. Not at all

29. I still enjoy the things I used to enjoy:

a. Definitely as much

b. Not quite so much

c. Only a little

d. Hardly at all

30. I get a sort of frightened feeling as if something awful is about to happen:

a. Very definitely and quite badly

b. Yes, but not too badly

c. A little, but it doesn’t worry me

d. Not at all

5
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31. I can laugh and see the funny side of things:

a. As much as I always could

b. Not quite so much now

c. Definitely not so much now

d. Not at all

32. Worrying thoughts go through my mind:

a. A great deal of the time

b. A lot of the time

c. From time to time, but not too often

d. Only occasionally

33. I feel cheerful:

a. Not at all

b. Not often

c. Sometimes

d. Most of the time

34. I can sit at ease and feel relaxed:

a. Definitely

b. Usually

c. Not often

d. Not at all

35. I feel as if I am slowed down:

a. Nearly all the time

b. Very often

c. Sometimes

d. Not at all

36. I get a sort of frightened feeling like ‘butterflies’ in the stomach:

a. Not at all

b. Occasionally

c. Quite often

d. Very often

37. I have lost interest in my appearance:

a. Definitely

b. I don’t take as much care as I should

c. I may not take quite as much care

d. I take just as much care as ever

38. I feel restless as I have to be on the move
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a. Very much indeed

b. Quite a lot

c. Not very much

d. Not at all

39. I look forward with enjoyment to things:

a. As much as I ever did

b. Rather less than I used to

c. Definitely less than I used to

d. Hardly at all

40. I get sudden feelings of panic

a. Very often indeed

b. Quite often

c. Not very often

d. Not at all

41. I can enjoy a good book or radio or TV program:

a. Often

b. Sometimes

c. Not often

d. Very seldom

Part C: Post-traumatic stress symptoms (PCL-5 questionnaire)
Below is a list of problems that people sometimes have in response to a very stressful 

experience. For the next questions, keep your pregnancy complicated by hyperemesis 

gravidarum in mind, please read each problem carefully and then circle one of the numbers 

to the right to indicate how much you have been bothered by that problem in the past month.

42. Repeated, disturbing, and unwanted memories of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

43. Repeated, disturbing dreams of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

5
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d. Quite a bit

e. Extremely

44. Suddenly feeling or acting as if the stressful experience were actually happening again (as 

if you were actually back there reliving it)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

45. Feeling very upset when something reminded you of the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

46. Having strong physical reactions when something reminded you of the stressful experience 

(for example, heart pounding, trouble breathing, sweating)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

47. Avoiding memories, thoughts, or feelings related to the stressful experience?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

48. Avoiding external reminders of the stressful experience (for example, people, places, 

conversations, activities, objects, or situations)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

49. Trouble remembering important parts of the stressful experience?
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a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

50. Having strong negative beliefs about yourself, other people, or the world (for example, 

having thoughts such as: I am bad, there is something seriously wrong with me, no one 

can be trusted, the world is completely dangerous)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

51. Blaming yourself or someone else for the stressful experience or what happened after it?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

52. Having strong negative feelings such as fear, horror, anger, guilt, or shame?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

53. Loss of interest in activities that you used to enjoy?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

54. Feeling distant or cut off from other people?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

5
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e. Extremely

55. Trouble experiencing positive feelings (for example, being unable to feel happiness or have 

loving feelings for people close to you)?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

56. Irritable behavior, angry outbursts, or acting aggressively?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

57. Taking too many risks or doing things that could cause you harm?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

58. Being “super alert” or watchful or on guard?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

59. Feeling jumpy or easily startled?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

60. Having difficulty concentrating?

a. Not at all

b. A little bit

c. Moderately
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d. Quite a bit

e. Extremely

61. Trouble falling or staying asleep?

a. Not at all

b. A little bit

c. Moderately

d. Quite a bit

e. Extremely

62. Have u experienced another very stressful or traumatic event?

a. Yes, continue with question 63

b. No, continue with question 65

63. In which year did this very stressful or traumatic event happened?

a. ….. (year)

64. What kind of very stressful or traumatic event did you experienced?

a. Sexual assault

b. Physical assault, violence or abuse

c. Seeing someone be killed or seriously injured

d. Dying of a loved one

e. War

f. Other, namely ….. (free text)

65. Do you wish to be informed about the results of this follow up of the MOTHER study?

a. Yes

b. No

5
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Supplement Figure 1. Flowchart in- and exclusions follow-up study
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Supplement Table S1. Sensitivity analysis between women included in the follow-up study and women 
who were lost to follow-up

Included in 
follow-up

Not included in 
follow-up

P-value

N=73 N=142

Index pregnancy (during MOTHER study)

Baseline characteristics

Age (years) 29.25 ± 4.62 28.62 ± 4.94 0.37

Ethnicity 0.01

- Western 52 (71.2%) 71 (50.0%)

- Non-western 12 (16.4%) 41 (28.9%)

Education level 0.02

- Primary or secondary 27 (37.0%) 60 (42.3%)

- Higher 29 (39.7%) 28 (19.7%)

Primigravida at the time 26 (35.6%) 38 (26.8%) 0.18

History of mental health disease a 12 (16.4%) 29 (20.4%) 0.48

HG in previous pregnancy b 23 (48.9%) 45 (43.3%) 0.52

HG in previous pregnancy requiring hospital 
admission²

12 (25.5%) 25 (24.0%) 0.84

Maternal outcomes

Weight change (kg) c -3.40 ± 3.85 -2.67 ± 4.17 0.22

PUQE-24 at inclusion 11.00 (9.00-13.00) 9.00 (7.00-12.00) 0.01

Mean PUQE-24 in the first 3 weeks after 
admission

9.19 ± 2.50 8.83 ± 2.93 0.40

Total duration of hospital admissions (days) 5.00 (4.00-8.00) 5.00 (3.00-8.00) 0.63

Readmitted 24 (32.9%) 47 (33.1%) 0.97

Admission after the first trimester 14 (19.2%) 29 (20.4%) 0.83

HADS at inclusion 21.55 ± 6.49 19.85 ± 7.56 0.18

- Anxiety score ≥8 d 31 (50.8%) 48 (49.5%) 0.87

- Depression score ≥8 d 56 (91.8%) 84 (86.6%) 0.32

Significant p-values <0.05 are marked in bold. Data represented with mean±SD, median (IQR) or frequency (%). a History of 
mental health disease can consist of a depressive, anxiety, PTSD or eating disorder. b Percentage shown is frequency divided by 
multigravidas. c Weight change is weight at baseline minus prepregnancy weight: can be < 0 if women lost weight and can be 
> 0 if women gained weight. d Percentage shown is frequency divided by total HADS at inclusion available (included women: 
n=61, excluded women: n=97). Abbreviations: HG: hyperemesis gravidarum, HADS: hospital anxiety and depression scale: 
a higher HADS indicates more severe anxiety or depression symptoms, PUQE-24: 24-hour Pregnancy Unique Quantification 
of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms.

5
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Supplement Table S4. RCT analysis according to intention-to-treat principle

Early enteral 
tube feeding

Standard care P-value

In total: N=50 N=25 N=25
 Index pregnancy (during MOTHER study)

Baseline characteristics
Age (years) 28.88 ± 5.04 30.00 ± 4.38 0.41

Ethnicity 0.08
- Western 20 (80.0%) 15 (60.0%)
- Non-western 3 (12.0%) 8 (32.0%)

Education level 0.64
- Primary or secondary 9 (36.0%) 12 (48.0%)
- Higher 11 (44.0%) 11 (44.0%)

Primigravida at the time 11 (44.0%) 5 (20.0%) 0.07
History of mental health disease a 4 (16.0%) 2 (8.0%) 0.67
HG in previous pregnancy prior to MOTHER study b 7 (50.0%) 12 (60.0%) 0.56
Maternal outcomes
Weight change (kg) c -2.76 ± 4.09 -4.56 ± 4.34 0.14
PUQE-24 at inclusion 12.00 (10.50-14.00) 11.50 (9.75-13.00) 0.31
Mean PUQE-24 in the first 3 weeks after admission 9.46 ± 2.89 9.59 ± 2.22 0.86
Total duration of hospital admissions (days) 6.00 (3.00-9.00) 5.00 (3.50-9.50) 0.89
Readmitted 9 (36.0%) 8 (32.0%) 0.77
Admission after the first trimester 7 (28.0%) 3 (12.0%) 0.16
HADS at inclusion 21.20 ± 6.98 21.77 ± 5.91 0.78

- Anxiety score ≥8 d 10 (40.0%) 12 (48.0%) 0.77
- Depression score ≥8 d 19 (76.0%) 20 (80.0%) 1.00

 Follow-up study
Depression, anxiety and PTSD symptoms
HADS 6 weeks postpartum e 9.61 ± 6.49 9.68 ± 6.18 0.97

- Anxiety score ≥8 e 6 (21.4%) 7 (28.0%) 0.58
- Depression score ≥8 e 6 (21.4%) 5 (20.0%) 0.90

HADS at follow-up study 10.00 (6.00-15.00) 8.00 (5.00-15.00) 0.62
- Anxiety score ≥8 9 (36.0%) 7 (28.0%) 0.54
- Depression score ≥8 7 (28.0%) 7 (28.0%) 1.00

PCL-5 score at follow-up study 18.00 (8.50-33.50) 13.00 (5.50-30.00) 0.52
- PCL-5 score ≥31 6 (24.0%) 6 (24.0%) 1.00

History of any traumatic event 7 (28.0%) 6 (24.0%) 0.75
History of an obstetric traumatic event 0 (0.0%) 1 (4.0%) 0.46

Women who experienced a subsequent 
pregnancy after MOTHER participation

15 (60.0%) 8 (32.0%) 0.06

Suffered from HG again between participation of 
the MOTHER and follow-up study f

14 (56.0%) 10 (40.0%) 0.26

 Data represented with mean±SD, median (IQR) or frequency (%). a History of mental health disease can consist of a depressive, 
anxiety, PTSD or eating disorder. b Percentage shown is frequency divided by multigravidas. c Weight change is weight 
at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight. d 

Percentage shown is frequency divided by number of HADS at inclusion available (n=61). e Different study group including 42 
women. f HG defined as: if vomiting symptoms occurred with either multiple medication use, weight loss, hospital admission 
for HG, requiring tube feeding or whether nausea and vomiting symptoms affected their life and/or work. Abbreviations: 
HG: hyperemesis gravidarum, HADS: hospital anxiety and depression scale: a higher HADS indicates more severe anxiety or 
depression symptoms, PCL-5: PTSD checklist for the DSM 5, PTSD: posttraumatic stress disorder, PUQE-24: 24-hour Pregnancy 
Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms and can vary from 3 
to 15, RCT: randomized controlled trial.
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Supplement Table S5. RCT analysis according to as treated principle

Early enteral 
tube feeding

Standard care P-value

In total: N=36 N=15 N=21
 Index pregnancy (during MOTHER study)

Baseline characteristics
Age (years) 27.73 ± 3.75 30.48 ± 4.20 0.052

0.25
Ethnicity 10 (66.7%) 12 (57.1%)

- Western 2 (13.3%) 8 (38.1%)
- Non-western 0.65

Education level 5 (33.3%) 10 (47.6%)
- Primary or secondary 7 (46.7%) 10 (47.6%)
- Higher 7 (46.7%) 5 (23.8%) 0.15

Primigravida at the time 3 (20.0%) 1 (4.8%) 0.29
History of mental health disease a 6 (75.0%) 10 (62.5%) 0.67
HG in previous pregnancy prior to MOTHER study b

Maternal outcomes
Weight change (kg) c  -5.95 ± 5.59 -3.88 ± 2.33 0.19
PUQE-24 at inclusion 12.50 (11.00-14.00) 11.00 (8.75-13.00) 0.10
Mean PUQE-24 in the first 3 weeks after admission 9.73 ± 2.57 9.44 ± 2.30 0.73
Total duration of hospital admissions (days) 7.00 (3.00-10.00) 4.00 (3.00-7.00) 0.25
Readmitted 7 (46.7%) 5 (23.8%) 0.15
Admission after the first trimester 2 (13.3%) 2 (9.5%) 1.00
HADS at inclusion 22.85 ± 5.23 21.67 ± 6.30 0.59

- Anxiety score ≥8 d 9 (60.0%) 9 (42.9%) 0.28
- Depression score ≥8 d 13 (86.7%) 16 (76.2%) 0.50

 Follow-up study
Depression, anxiety and PTSD symptoms
HADS 6 weeks postpartum e 10.47 ± 4.99 9.33 ± 6.25 0.55

- Anxiety score ≥8 e 4 (23.5%) 5 (23.8%) 1.00
- Depression score ≥8 e 3 (17.6%) 4 (19.0%) 1.00

HADS at follow-up study 15.00 (7.00-21.00) 8.00 (5.00-15.00) 0.24
- Anxiety score ≥8 6 (40.0%) 6 (28.6%) 0.47
- Depression score ≥8 7 (46.7%) 6 (28.6%) 0.27

PCL-5 score at follow-up study 27.00 (18.00-43.00) 12.00 (3.50-27.50) 0.046
- PCL-5 score ≥31 5 (33.3%) 5 (23.8%) 0.71

History of any traumatic event 3 (20.0%) 5 (23.8%) 1.00
History of an obstetric traumatic event 0 (0.0%) 1 (4.8%) 1.00

Women who experienced a subsequent 
pregnancy after MOTHER participation

7 (46.7%) 7 (33.3%) 0.28

Suffered from HG again between participation 
of the MOTHER and follow-up study f

8 (53.3%) 8 (38.1%) 0.36

Data represented with mean±SD, median (IQR) or frequency (%). a History of mental health disease can consist of a depressive, 
anxiety, PTSD or eating disorder. b Percentage shown is frequency divided by multigravidas. c Weight change is weight 
at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight. d 

Percentage shown is frequency divided by number of HADS at inclusion available (n=61). e Different study group including 38 
women. f HG defined as: if vomiting symptoms occurred with either multiple medication use, weight loss, hospital admission 
for HG, requiring tube feeding or whether nausea and vomiting symptoms affected their life and/or work. Abbreviations: 
HG: hyperemesis gravidarum, HADS: hospital anxiety and depression scale: a higher HADS indicates more severe anxiety or 
depression symptoms, PCL-5: PTSD checklist for the DSM 5, PTSD: posttraumatic stress disorder, PUQE-24: 24-hour Pregnancy 
Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms and can vary from 3 
to 15, RCT: randomized controlled trial.
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Supplement Table S6. RCT analysis according to per protocol principle

Early enteral 
tube feeding

Standard care P-value

In total: N=33 N=12 N=21
 Index pregnancy (during MOTHER study)

Baseline characteristics
Age (years) 28.00 ± 3.35 30.48 ± 4.20 0.09

0.42
Ethnicity 8 (66.7%) 12 (57.1%)

- Western 2 (16.7%) 8 (38.1%)
- Non-western 0.71

Education level 4 (33.3%) 10 (47.6%)
- Primary or secondary 6 (50.0%) 10 (47.6%)
- Higher 7 (58.3%) 5 (23.8%) 0.07

Primigravida at the time 2 (16.7%) 1 (4.8%) 0.54
History of mental health disease a 4 (80.0%) 10 (62.5%) 0.62
HG in previous pregnancy prior to MOTHER study b

Maternal outcomes
Weight change (kg) c -4.93 ± 3.69 -3.88 ± 2.33 0.33
PUQE-24 at inclusion 13.00 (11.00-14.00) 11.00 (8.75-13.00) 0.10
Mean PUQE-24 in the first 3 weeks after admission 9.65 ± 2.75 9.44 ± 2.30 0.82
Total duration of hospital admissions (days) 5.00 (3.00-10.25) 4.00 (3.00-7.00) 0.59
Readmitted 5 (41.7%) 5 (23.8%) 0.43
Admission after the first trimester 2 (16.7%) 2 (9.5%) 0.61
HADS at inclusion 23.30 ± 5.48 21.67 ± 6.30 0.50

- Anxiety score ≥8 d 7 (58.3%) 9 (42.9%) 0.43
- Depression score ≥8 d 10 (83.3%) 16 (76.2%) 0.52

 Follow-up study
Depression, anxiety and PTSD symptoms
HADS 6 weeks postpartum e 10.79 ± 5.18 9.33 ± 6.26 0.48

- Anxiety score ≥8 e 3 (21.4%) 5 (23.8%) 1.00
- Depression score ≥8 e 3 (21.4%) 4 (19.0%) 1.00

HADS at follow-up study 15.00 (6.25-22.75) 8.00 (5.00-15.00) 0.27
- Anxiety score ≥8 5 (41.7%) 6 (28.6%) 0.41
- Depression score ≥8 6 (50.0%) 6 (28.6%) 0.27

PCL-5 score at follow-up study 25.00 (19.25-41.75) 12.00 (3.50-27.50) 0.10
- PCL-5 score ≥31 4 (33.3%) 5 (23.8%) 0.69

History of any traumatic event 2 (16.7%) 5 (23.8%) 1.00
History of an obstetric traumatic event 0 (0.0%) 1 (4.8%) 1.00

Women who experienced a subsequent 
pregnancy after MOTHER participation

6 (50.0%) 7 (33.3%) 0.45

Suffered from HG again between participation 
of the MOTHER and follow-up study f

6 (50.0%) 8 (38.1%) 0.51

Data represented with mean±SD, median (IQR) or frequency (%). a History of mental health disease can consist of a depressive, 
anxiety, PTSD or eating disorder. b Percentage shown is frequency divided by multigravidas. c Weight change is weight 
at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight. d 

Percentage shown is frequency divided by number of HADS at inclusion available (n=61). e Different study group including 35 
women. f HG defined as: if vomiting symptoms occurred with either multiple medication use, weight loss, hospital admission 
for HG, requiring tube feeding or whether nausea and vomiting symptoms affected their life and/or work. Abbreviations: 
HG: hyperemesis gravidarum, HADS: hospital anxiety and depression scale: a higher HADS indicates more severe anxiety or 
depression symptoms, PCL-5: PTSD checklist for the DSM 5, PTSD: posttraumatic stress disorder, PUQE-24: 24-hour Pregnancy 
Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms and can vary from 3 
to 15, RCT: randomized controlled trial.
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ABSTRACT

Hyperemesis gravidarum (HG), severe nausea and vomiting in pregnancy, can lead to vitamin 

deficiencies. Little is known about HG-related vitamin K deficiency. We aim to summarize 

available evidence on the occurrence of HG-related vitamin K deficiency and corresponding 

maternal and neonatal complications. 

A systematic review was conducted, searching Medline and EMBASE from inception to 

November 12th, 2020. 

We identified 1564 articles, of which we included 15 in this study: 14 case reports (n=21 women) 

and one retrospective cohort study (n=109 women). Nine out of 21 women reported in case 

reports had a prolonged prothrombin time (PT). The cohort study measured PT in 39/109 

women with HG, of whom 10/39 women (26%) had prolonged PT. In total, 30-50% women 

received vitamin K supplementation after vitamin K deficiency had been diagnosed. Four 

case reports (n=4 women) reported corresponding maternal complications, all consisting 

of coagulopathy-related haemorrhage. Nine case reports (n= 16 neonates) reported 

corresponding neonatal complications including intracranial haemorrhage (n=2 neonates) 

and embryopathy (n=14 neonates), which consisted of Binder phenotype (n=14 neonates), 

chondrodysplasia punctata (n=9 neonates) and grey matter heterotopia (n=3 neonates). 

In conclusion, vitamin K deficiency and related complications occur among women with HG. 

In our systematic review, we were unable to assess the incidence rate.
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INTRODUCTION

Hyperemesis gravidarum (HG) is severe nausea and vomiting in pregnancy. HG can be 

complicated by dehydration, electrolyte disturbances, poor nutritional intake and weight loss.1 

Vitamin deficiencies, including vitamin B1 deficiency, can further complicate HG, although little 

is known about the incidence and consequences of such deficiencies.2

The fact that vitamin K deficiency has been frequently described in chronic malnutrition makes 

it of possible interest in the context of HG.3, 4 Vitamin K is primarily obtained through dietary 

intake, but is also synthesized by bacteria in the large intestine.5 Although vitamin K is a fat 

soluble vitamin, the body’s stores of vitamin K are limited, and vitamin K can be depleted 

after metabolic surgery and in fat malabsorption syndromes.3, 4, 6 Vitamin K is important for 

coagulation, serving as a cofactor in the synthesis of multiple vitamin K-dependent proteins 

(Factors II, VII, IX, X and protein C and S) in the intrinsic pathway.7 Besides its effects on 

coagulation, vitamin K deficiency can also lead to abnormal calcium depositions and growth 

of cartilage.6

Vitamin K deficiency can cause a range of maternal and fetal complications. Maternal and 

neonatal coagulopathy-related haemorrhage has been described8, 9 as well as neonatal vitamin 

K deficiency embryopathy and grey matter heterotopia, most commonly described in the 

context of maternal vitamin K antagonist medication use.10, 11 Vitamin K deficiency embryopathy 

includes Binder phenotype and chondrodysplasia punctata. Binder phenotype is the result of 

maxillonasal hypoplasia and causes a flat facial profile with a short nose and flat nasal bridge.12 

Chondrodysplasia punctata is a skeletal abnormality classified by stippled calcifications of 

certain bones, most commonly toes, ankles or fingers.13 Short or misshapen bones can also 

be present, for example short distal phalanges, also known as brachytelephalangy.11 Vitamin 

K deficiency-related chondrodysplasia punctata should not be mistaken for the genetic form 

of chondrodysplasia punctata, which is caused by mutations in the X-linked arylsulfatase E 

(ARSE) gene and can be ruled out by genetic testing.13 Grey matter heterotopia is a neurological 

disorder classified by common malformations of cortical development, possibly caused 

by depletions in the vitamin K dependent growth arrest specific 6 protein which is widely 

expressed in the nervous system.14-16

The fact that HG has a profound impact on nutritional intake, sometimes necessitating enteral 

or parenteral nutrition, has raised concerns about the possibility that vitamin K deficiency can 

also occur in pregnancies complicated by HG.1, 17, 18 Recently, the identification of the immediate 

6
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and long term effects of HG for pregnant women and their offspring were selected as urgent 

research questions by patients and health care professionals, which triggered the current work.19 

In this systematic review, we aim to summarize the available literature on HG-related maternal 

and neonatal vitamin K deficiency and determine the relevance of measuring vitamin K-related 

coagulopathy factors or prothrombin time (PT) in routine work-up for women with HG.

METHODS

The study protocol was registered at the website of Prospero, an international prospective 

register of systematic reviews, on August 17th, 2020 (CRD42020199501). This systematic review 

was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta‐

Analyses (PRISMA) guidelines.

Search strategy
We performed a search to identify all available studies reporting on vitamin K deficiency 

in women suffering from HG and their offspring. We searched Medline and Embase from 

inception to November 12th, 2020. Our search included the following terms: ‘hyperemesis 

gravidarum’, ‘pregnancy sickness’, ‘vitamin K deficiency’, ‘embryopathy’, ‘haemorrhage’ and their 

synonyms, as shown in Appendix A. De-duplication of database search results were conducted 

using Endnote software.20 We also searched citation lists of eligible primary studies and reviews.

Study selection
Two reviewers (KN and LM) independently screened titles and abstracts. Conflicts were resolved 

by discussion until consensus was reached, or by consultation of a third reviewer (RP). All 

potentially relevant articles were retrieved as full text and assessed on the following inclusion 

and exclusion criteria. Inclusion criteria were: 1. women diagnosed with or admitted for HG with 

either 2. Maternal vitamin K deficiency or signs/symptoms of vitamin K deficiency (for example: 

prolonged PT or signs of any type of haemorrhage) and/or 3. Offspring of women with HG with 

vitamin K deficiency embryopathy or any type of vitamin K deficiency-related haemorrhage. 

Exclusion criteria were: 1. Non-human subjects, 2. Women with vitamin K deficiency due to any 

other cause than HG. We included observational studies, case reports, case series and research 

letters. Conference abstracts were included, if they provided sufficient information. We did not 

apply any language restrictions.
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Data extraction
Data extraction was performed independently by two reviewers (KN and LM). We extracted 

data on study characteristics, demographics, details about pregnancy and specifically about 

the severity and clinical course of HG (if available), laboratory results (including prothrombin 

time, coagulation factors and vitamin K measurements) and both maternal and neonatal 

outcomes (vitamin K deficiency-related haemorrhage or embryopathy).

Quality assessment
We assessed the risk of bias of included case reports using the Joanna Briggs Institute checklist 

for case reports and the Newcastle-Ottawa Scale (NOS) for included cohort studies.21, 22 The 

NOS assigns up to a total maximum score of 9 based on eight items: a score ≥7 was considered 

as good quality, a score ≥5 as fair quality and a score ≤4 as poor quality.22 All included articles 

were critically appraised and were included, despite of their quality assessment.

Statistical analysis
Data of included case reports were combined by entering available information on baseline 

characteristics and outcome measures of each reported case of women with HG or their 

offspring into a SPSS database (SPSS Statistics, version 26.0 for Windows, IBM Corp., Armonk, 

NY, USA). If a case report included multiple HG patients or multiple HG-exposed offspring, all 

of the cases were entered separately. Continuous data were presented as means with standard 

deviations (SD) if they were normally distributed. Not normally distributed continuous data 

were presented as medians with interquartile ranges (IQR). Dichotomous and categorical data 

were displayed as frequencies with percentages.

RESULTS

Search results
We identified 1741 articles and one additional article through searching citation lists as shown 

in Figure 1. After removing duplicates, 1564 articles remained for title and abstract screening, 

of which 36 were deemed possibly eligible. Upon further eligibility screening after full-texts 

for possibly eligible papers had been retrieved, we included 15 articles reporting on HG and 

vitamin K deficiency.23-37 Fourteen of the included studies were case reports23-27, 29-37 and we 

included one retrospective cohort study.28 Two of the included studies were conference 

abstracts 33, 35 and two additional included studies were written in French.28, 29

6
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Figure 1. PRISMA diagram selection process of articles

Two case reports included multiple cases: Miller et al.33 included three cases and Toriello et al.37 

included eight cases. From the eight cases of Toriello et al.37, case 8 was excluded for this review 

since vitamin K deficiency was caused by Crohn’s disease instead of HG. Case 1 of Toriello et 

al.37 was identical to the included case report of Robinson et al.34, but contained follow-up 

information of the neonate, so we combined data of these two case reports.

Risk of bias assessment
The risk of bias assessment of case reports is showed in Figure 2. For most domains, case 

reports were assessed as low risk of bias. However, in half of the studies a patient’s medical 

history was not or poorly described. In addition, in almost half of the studies which reported 
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a treatment, the treatment was not clearly described in terms of dosage or frequency and 

therefore was rated as having a high risk of bias. The cohort study was rated to be of fair quality, 

as shown in Table 1.

Figure 2. Risk of bias assessment of included case reports

Table 1. Risk of bias assessment of the included cohort study using the Newcastle-Ottawa Quality 
Assessment Scale (NOS)

Selection Comparability Outcome Total score Quality score

Chraïbi et al, 2014 ** *** 5 Fair quality

The NOS risk consisted of 8 items with a total maximum score of 9. A score ≥7 was considered as good quality, a score ≥5 as 
fair quality and a score ≤4 as poor quality.

Baseline characteristics
Baseline characteristics of all included studies are shown in Table 2 and data of the included 

women from case reports was combined and shown in Table 3. In 17 women the gestational 

age of onset of symptoms was reported; in the vast majority (16/17) symptoms of HG had 

started in the first trimester (mean 8.47±3.16 weeks) (Table 2 and 3). Ten articles (n=14 women) 

reported whether weight loss during pregnancy due to HG had occurred: 13 out of 14 women 

had some degree of weight loss, ranging from 5 to 28 kg with an average weight loss of 

13.64±8.03 kg compared to 5.6±3.1 kg weight loss reported in the cohort study.23, 24, 27-32, 34, 35, 37 

Nine out of twenty-one women of included case reports had more than 10 kg weight loss.23, 

27, 29, 32, 34, 37

6

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   161160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   161 25-8-2022   20:10:5325-8-2022   20:10:53



162

Chapter 6

In all three cases of Miller et al.33 and in case 4 of Toriello et al.37 treatment for HG was not 

described (Table 2). All other 17 included women of remaining case reports received some 

form of treatment for HG23-27, 29-32, 34-37, varying from receiving anti-emetics (9/17) 23, 27, 29, 30, 32, 34, 

35, 37, intravenous rehydration (13/17)23, 24, 27, 29-32, 34, 36, 37 to receiving tube feeding (6/17)23, 25-27, 32, 37. 

Chraïbi et al.28 described a cohort of women admitted for HG: all 109 included women (100%) 

received intravenous treatment and 106 women (98.1%) received at least one anti-emetic 

(Table 2). From the 21 women included from case reports, 11 women had been admitted for 

HG (Table 3).23-26, 29, 31, 32, 34-37

Vitamin K deficiency diagnosis
In half of the case reports, a vitamin K deficiency diagnosis was made retrospectively based 

on neonatal clinical signs of embryopathy.26, 27, 32, 33, 37 The other half performed laboratory 

measurements to confirm vitamin K deficiency. PT was most commonly used and prolonged 

PT was reported as prolonged PT in seconds or as decreased prothrombin levels. PT was 

measured in 9 out of 21 women included in case reports: 8/21 women (38.1%) had a prolonged 

PT (Table 4 and 5).23-25, 29, 31, 34, 36, 37 In 4 out of 9 women PT was measured secondary to maternal 

signs of haemorrhage.24, 25, 29, 34 In the other 5 cases PT was included in routine laboratory 

measurements, without the presence of clinical signs of maternal or fetal haemorrhage or 

embryopathy.23, 30, 31, 36, 37

Four case reports performed additional coagulopathy laboratory measurements. Three case 

reports measured activated Partial Thromboplastin Time (aPTT).24, 29, 34 Two of them found a 

prolonged aPTT, but also found a decreased factor II, VII, IX, X and Protein C and S, which are 

vitamin K dependent coagulation factors.29, 34 (Table 4) The fourth study was the only study 

that measured vitamin K concentrations in addition to PT and that found vitamin K deficiency 

(below 0.05ng/mL).36 Selvarajah et al.35 mentioned that the woman included had a deranged 

clotting profile, but did not further specify which laboratory measurements were performed 

(Table 4).

In one neonate coagulation factors were measured postpartum because of low Apgar scores 

together with signs of haemorrhage: first a haematoma in the hand palm and later intracranial 

haemorrhage. A prolonged PT together with a decreased Factor II, VII, IX and X was found.30

In the cohort study from Chraïbi et al.28, PT was measured in 39 out of 109 women (35.8%) 

admitted for HG: 10 out of these 39 women (25.6%) had a prolonged PT with a level below 

70% and 2 out of these 10 women (5.1%) had a PT level below 50% (Table 5). The cohort 
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study did not describe why PT was initially measured or whether other coagulation factors 

were measured.28

Vitamin K supplementation
Vitamin K was supplemented in all case reports reporting a prolonged PT (n=8 women and 

n=1 neonate) and in one women described to had a ‘deranged clotting profile’ (Table 4).23-25, 

29-31, 34, 36, 37 One additional woman received vitamin K as part of parenteral nutrition, so in total 

10 out of 21 (47.6%) women and one neonate received vitamin K supplementation as shown 

in Table 5.23-25, 29-32, 34, 36, 37 Vitamin K was administered by different routes, but most women 

(60.0%) and the described neonate received intravenous vitamin K supplementation (Table 

5).23, 24, 29-31, 35, 37 In all of them, PT normalized after vitamin K supplementation.23-25, 29-31, 34, 36, 37

In the cohort study of Chraïbi et al.28 3 out of 10 women with a prolonged PT (level below 

70%) received vitamin K, which was not further specified in route of administration, dosage 

or frequency (Table 4).

Liver function measurements
Liver transaminases tests were performed in 7 out of 21 women included in case reports of 

whom 4 women (19.0%) had elevated liver transaminases (Table 4 and 5).23, 29, 31, 36 Three out 

of these 4 women also had elevated total bilirubin levels and 2 women had elevated gamma 

glutamyl transferase (GGT) levels.

As shown in Table 4, Chraïbi et al.28 reported elevated alanine transaminase (ALAT) and 

aspartate aminotransferase (ASAT) in respectively 20.7 and 25.7%. PT levels were significantly 

lower in women with an increased ALAT than in women with normal ALAT levels (68±14% 

versus 78±9%).

6
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Table 3. Combined baseline characteristics of included case reports in this systematic review

N=21 % missing
Demographic characteristics
Age (years) , median (IQR) 26.00 21.25-35.25 42.9%
Pre-pregnancy weight (kg), median (IQR) 63.05 50.00-68.63 61.9%
Pre-pregnancy BMI (kg/m2), median (IQR) 25.00 19.75-26.25 76.2%
Ethnic origin, n (%) 33.3%

- Western 7 33.3%
- Asian 4 19.0%
- African American 3 14.3%

Primigravida, n (%) 6 28.6% 38.1%
HG severity & course
Gestational age at onset of symptoms of HG 
(weeks), mean±SD

8.47 3.16 19.0%

Total weight loss (kg), mean±SD -13.64 8.03 33.3%
HG-related hospital admission, n (%) 11 52.4% 47.6%
Length of initial hospitalization (weeks), median 
(IQR)

5.00 3.25-7.50 71.4%

Readmission, n (%) 3 14.3% 52.4%
HG treatment
Received treatment for HG, n (%) 17 81.0% 19.0%
Anti-emetics 9 42.9%
IV Fluids 13 61.9%
Parenteral nutrition 6 28.6%
Other pregnancy characteristics
Gestational age at delivery (weeks), median (IQR) 37.00 32.50-39.00 38.1%
Sex of neonate, n (%) 33.3%

- Female 10 47.6%
- Male 4 19%

Birth weight of neonate (grams), median (IQR) 2640.00 2200.00-3000.00 47.6%

Abbreviations: HG: hyperemesis gravidarum, IV: intravenous. Normally distributed continuous variables are presented as 
means with standard deviations (mean±SDs), skewed variables as medians with interquartile ranges (IQR) and dichotomous 
or categorical variables as frequencies with percentages (%).
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Table 5. Combined outcomes of included case reports in this systematic review

N=21

Maternal

PT Prolonged, n (%) 8 38.1%

Vitamin K measured, n (%) 1 4.8%

Elevated liver transaminases, n (%) 4 19.0%

Vitamin K supplementation, n (%) 10 47.6%

- Oral a 2 20.0%

- Subcutaneous a 1 10.0%

- Intramuscular a 1 10.0%

- Intravenous a 6 60.0%

Gestational age when women received vitamin K supplementation 
(weeks), median (IQR)

14.00 11.50-15.50

Maternal haemorrhage occurred, n (%) 4 19.0%

Neonatal

Neonatal haemorrhage occurred, n (%) 2 9.5%

Vitamin K embryopathy, n (%) 14 66.7%

- Binder phenotype 14 66.7%

- Chondrodysplasia punctata 9 42.9%

- Brachytelephalangy 11 52.4%

- Grey matter heterotopia 3 14.3%

Anomalies detected on foetal ultrasound, n (%) 7 33.3%

- Gestational age when anomalies were first detected, median (IQR) 18.50 16.25-25.50

Anomalies detected postpartum, n (%) 6 28.6%

Abbreviations: PT: Prothrombin time. Skewed variables are presented as medians with interquartile ranges (IQR) and 
dichotomous or categorical variables as frequencies with percentages (%). a Percentage shown is percentage of women who 
received vitamin K supplementation.

Maternal complications due to HG-related vitamin K deficiency
We identified four studies, including four women, that reported on maternal complications due 

to HG-related vitamin K deficiency. All four studies reported coagulopathy-related haemorrhage 

(Table 4 and 5). Two women had mild haemorrhage symptoms, not in the context of their 

delivery, consisting of haematuria, bruising and/or vaginal or rectal bleeding.25, 29 Two other 

studies reported more severe cases of haemorrhage. Robinson et al.34 described a case of 

severe epistaxis with one litre blood loss, which was initially treated with topical silver nitrate 

and after the diagnosis of vitamin K deficiency was made vitamin K was supplemented. Baba 

et al.24 described a case of a woman with HG who developed intraperitoneal haemorrhage 

due to a pedunculated myoma, which was operatively resected at 16 weeks gestation. In total, 

6
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perioperative blood loss contained 290 ml of which 110 ml intraperitoneal blood loss was noted 

at the start of the operation. Postoperative laboratory results revealed coagulopathy based 

on a prolonged PT with a normal aPTT and international normalized ratio (INR). Coagulopathy 

was strongly suspected to be secondary to vitamin K deficiency, since PT normalized after 

intravenous supplementation of vitamin K, and the amount of blood loss was thought to be 

insufficient to induce secondary coagulopathy.

Neonatal complications due to HG-related vitamin K deficiency
Nine studies reported neonatal complications due to HG-related vitamin K deficiency.23, 26, 27, 

30-34, 37 Two case reports, including two neonates, reported neonatal intracranial haemorrhage30, 

31 and seven case reports, including 14 neonates, reported neonatal embryopathy as shown 

in Table 4 and 5.23, 26, 27, 32-34, 37

Neonatal intracranial haemorrhage

Two studies reported neonatal intracranial haemorrhage (Table 5). Kawamura et al.31 described 

a case where fetal intracranial haemorrhage accompanied by hydrocephalus was detected 

during the midtrimester ultrasound at 17 weeks gestation. Due to these fetal anomalies the 

woman decided to terminate her pregnancy. Autopsy showed a subarachnoid haemorrhage 

with hemosiderin deposits to the choroid plexus near the foramen of Luschka and on the 

surface of the brainstem which blocked the pathway of cerebrospinal fluid absorption 

and subsequently lead to a non-obstructive hydrocephalus. No evidence of chromosomal 

abnormalities was found and a diagnosis of a Dandy-Walker syndrome was rejected because 

of the presence of a non-obstructive hydrocephalus.

Eventov-Friedman et al.30 also reported a case of neonatal intracranial haemorrhage, which 

was diagnosed postpartum (Table 4). An emergency caesarean was performed at 32 weeks 

gestation due to suspected fetal distress. The neonate had an Apgar score of 1, 1 and 3, 

after respectively 1, 5 and 10 minutes. A cranial ultrasound revealed extensive intracranial 

haemorrhage and neonatal coagulopathy laboratory results confirmed a vitamin K deficiency. A 

cranial computed tomography on day two postpartum showed no midline shift and therefore 

the infant was managed conservatively. The neonate developed recurrent seizures which was 

treated with phenobarbital. No further neonatal long term outcomes were described.

Neonatal vitamin K related-embryopathy

From the 14 neonates diagnosed with vitamin K related-embryopathy in the studies included in 

our review, all neonates had Binder phenotype, 9 neonates also had chondrodysplasia punctata 
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of whom three also suffered from grey matter heterotopia as shown in Table 5.23, 26, 27, 32-34, 37 Also 

brachytelephalangy was noted in 11 out of 14 neonates with vitamin K-related embryopathy.23, 

26, 27, 33, 37 Genetic testing was performed in 9 out of 14 neonates, none of which found genetic 

abnormalities.23, 26, 27, 32, 34, 37 Three studies specifically described that no mutations in the ARSE 

gene were found.26, 27, 37

Anomalies detected and timing of vitamin K supplementation

Of the 10 women who received vitamin K supplementation, 5 cases had neonatal 

complications.23, 31, 32, 34, 37 Four cases had neonatal vitamin K deficiency-related embryopathy23, 

32, 34, 37 and one case had intracranial haemorrhage.31 As shown in Table 4, in Alessandri et al.23, 

Kawamura et al.31, Robinson et al.34 and case 3 of Toriello et al.37 vitamin K supplementation was 

started before fetal anomalies were detected on perinatal ultrasound. Here, PT was measured 

on maternal indication or during routine maternal laboratory measurements and subsequently 

vitamin K was supplemented at respectively 12, 14, 15 and 8 weeks gestation. In Lane et al.32 

vitamin K was administered after fetal anomalies were detected on perinatal ultrasound. 

Vitamin K was included in parenteral nutrition which was started at 15 weeks gestation. The 

median gestational age when vitamin K supplementation was commenced was 14 weeks (IQR 

12-16) compared to the median gestational age of 19 weeks (IQR 16-26) when fetal anomalies 

were detected on perinatal ultrasound (Table 5).

Neonatal prognosis

Eleven out of 21 neonates had been given a good prognosis by the paediatrician during follow-

up visits.23, 24, 26, 29, 32, 36, 37 One neonate described in Miller et al.33 died at 3.5 months: she had a 

severe nasal aperture stenosis, critical cervical spinal stenosis and myelomalacia of the upper 

cervical cord (Table 4). Two neonates were described as having a poor prognosis.27, 37 One of 

these neonates suffered from long term disability due to ventilatory support dependence and 

severe neurodevelopmental delay.27 While the other neonate described in case 4 of Toriello et 

al.37 suffered from severe intellectual disability and spastic quadriplegia following spinal surgery 

because of severe cervical spinal stenosis (Table 4). 27 Two neonates described in Bhoj et al.26 

and case 6 of Toriello et al.37 had a mild delay in neurodevelopment.

6
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DISCUSSION

Principal findings
In this systematic review, which identified 15 articles, we found evidence that vitamin K 

deficiency secondary to HG can lead to severe adverse maternal and neonatal outcomes. Our 

review highlights the fact that HG, usually considered a benign and self-limiting condition of 

early pregnancy, can lead to irreversible morbidity and mortality, and therefore deserves the 

prompt attention of clinicians to avoid these sequelae. Although selective reporting likely 

has affected our findings, two thirds of the neonates included in the case reports suffered 

from vitamin K embryopathy, making it the most commonly reported vitamin K deficiency-

related complication among women with HG, followed by maternal haemorrhage (19%) and 

neonatal haemorrhage (10%). A further 26-38% of cases showed evidence of disturbed maternal 

coagulation due to vitamin K deficiency, with 30-48% receiving vitamin K supplementation.

Strengths and limitations of the study
One of the main strengths of this study is that it presents an overview of a rare complication, 

and summarizes the evidence on vitamin K deficiency in women with HG and their offspring. 

Besides case reports, research letters and conference abstracts, we were also able to include 

one cohort study. We did not apply a date or language restriction, which avoided selective 

inclusion of English language literature. Lastly, all articles included were critically appraised and 

were rated as low to moderate bias.

Our study also has some limitations. Although we were able to include one cohort study, the 

remainder of the included studies were case reports. Case reports are subject to publication 

bias, and could result in a bias towards the increased reporting of more unfavourable outcomes. 

The fact that our review only recovered case reports and one cohort study hampers estimation 

of the incidence of vitamin K deficiency among women with HG. Furthermore, the case reports 

suffered from incomplete reporting of data essential to our review, which compromised 

our ability to link indicators of the severity or course of HG to maternal, fetal and neonatal 

outcomes in many studies; some articles focused primarily on the course of HG and maternal 

complications, while other case reports focused more on neonatal complications and did not 

report extensive details of HG. In addition, direct measures of vitamin K deficiency, for example 

PT, were only reported in 43% of included women, which hampered our ability to determine 

timing of maternal vitamin K depletion and its relation to fetal and neonatal outcomes in 

many cases.
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Interpretation
Due to the fact that our review included mostly case reports, we are not able to estimate 

the incidence of vitamin K deficiency among women with HG. In the included cohort study 

however, 10 out of 39 women (26%) had a prolonged PT, suggesting that the presence of 

vitamin K deficiency may be more common among women suffering from HG than currently 

recognised.28 However, the fact that PT was only measured in 39 out of the 109 women in the 

cohort, raises the possibility of this percentage only being representative of a selected group 

of more severely affected patients. Unfortunately, we are uninformed about the severity of 

HG in these specific 39 cases. Unlike the included case reports, the cohort study reported no 

further vitamin K deficiency complications, suggesting that only a small proportion of cases of 

vitamin K deficiency lead to complications including haemorrhage and embryopathy. A larger 

prospective cohort study measuring vitamin K deficiency in women with HG could determine 

the true incidence of both phenomena. The fact that this systematic review found mostly 

neonatal complications (9 studies) instead of maternal complications (4 studies) could largely 

be explained by the given that only very little vitamin K crosses the placenta from mother 

to fetus. This would suggest that the fetus is more at risk to develop a more severe vitamin K 

deficiency than mother.38, 39

It is hypothesised that in women with HG vitamin K deficiency is caused by poor nutritional 

intake, as is evident from marked weight loss. Most women in the included case reports had 

severe weight loss, with a mean weight loss of 13.6 kg. In examining the association between 

the severity of weight loss and presence of vitamin K deficiency induced complications, we 

found that in three cases reporting maternal haemorrhage, the maternal weight loss varied 

from 8 to 18kg.24, 29, 34 In two included cases where neonates had long term disabilities, the 

maternal weight loss due to HG was respectively 18 and 28 kg.27, 37 The woman who lost 28 

kg, was also admitted to the hospital for 12 weeks in total.37 The mean weight loss of 5.6±3.1 

kg in women with HG included in Chraïbi et al.28, but also in other HG cohort studies40, 41, was 

considerably lower and they did not report any vitamin K deficiency-related complications 

This may suggest that a more severe clinical course of HG causes more severe malnutrition 

which can in line lead to an increased risk of developing vitamin K deficiency and related 

complications.

Embryopathy is also described in neonates born to women using warfarin, a vitamin K 

antagonist, during pregnancy, better known as the fetal warfarin syndrome.10 Studies assessing 

the fetal warfarin syndrome showed that mainly first trimester deficiency of vitamin K results 

in embryopathy42, 43 and that warfarin use throughout every trimester of pregnancy can result 

6
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in neonatal central nervous system (CNS) abnormalities.10, 44 This corresponds to the onset, 

duration and severity of HG and its relation to neonatal complications reported in included 

case reports. In all cases reporting embryopathy the onset of HG lay in the first trimester and 

the two neonates described to have long term disabilities were born to mothers with a severe 

HG with a prolonged disease course. 27, 37

The optimal timing of measuring vitamin K deficiency though is difficult to define. When 

maternal haemorrhage complications occurred, laboratory tests were performed at the time 

and vitamin K deficiency was then diagnosed and subsequently supplemented.24, 25, 29, 34 In case 

reports describing neonatal embryopathy however, in the majority of the cases fetal anomalies 

were found on antenatal ultrasonography, despite earlier treatment with vitamin K. Since the 

origin of neonatal embryopathy lays in the first trimester and vitamin K supplementation 

took place primarily in the second trimester, the most likely explanation for this would be 

that vitamin K was supplemented too late and that fetal anomalies were already present at 

time of vitamin K treatment. Bearing this in mind, a solution would be to prophylactically 

administer vitamin K in women with HG, which has been proposed in previous studies.23, 

24, 27, 30, 31, 33-36 Most of these studies suggested that prophylactic treatment should be given 

in women with severe HG, undernutrition or severe weight loss but do not further specify 

this.23, 24, 35 On the contrary, the Royal College of Obstetricians and Gynaecologists advices that 

women admitted with HG should be offered thromboprophylaxis because of an increased 

risk of venous thromboembolism. This might make care givers reluctant to follow that advice, 

although it is important to clarify that vitamin K supplementation does not increase the risk of 

venous thromboembolic complications.45

HG is known to be associated with raised transaminases, and can lead to liver dysfunction. 

Nonetheless, we think it is unlikely that liver dysfunction due to HG led to increased PT 

described in a number of articles. This is illustrated by the fact that the 4 case reports to 

measure liver transaminases found universally raised PT, which promptly resolved after vitamin 

K supplementation.

Conclusion
In this systematic review, we have demonstrated that women with HG can develop vitamin 

K deficiency and the corresponding maternal and neonatal complications. We were not able 

to derive the incidence among women with HG from the studies we retrieved, but found 

evidence vitamin K deficiency could affect up to 26% of HG patients. Which aspects of HG 

severity or disease course increase the risk of vitamin K deficiency remains unclear; severe 
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weight loss and prolonged disease did appear to be common factors in affected HG patients, 

and may therefore present risk factors. Larger prospective cohort studies of women with HG 

are needed to assess the incidence of vitamin K deficiency. It remains to be established whether 

early prophylactic vitamin K supplementation is safe and effective in preventing complications 

including embryopathy. Meanwhile, in women with HG and severe malnutrition or weight loss, 

measuring and supplementing vitamin K should be considered in order to prevent maternal 

or neonatal complications.
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APPENDIX A

Systematic review search strategies

Medline

#1. ((pregnan*[Title/Abstract]) OR (gestation*[Title/Abstract])) OR (pregnancy[MeSH 
Terms])

1.079.028

#2. (nausea[Title/Abstract]) OR (vomit*[Title/Abstract]) 94.807

#3. (#1) AND (#2) 6.337

#4. morning sickness[MeSH Terms] 1.796

#5. hyperemesis gravid*[Title/Abstract] 1.549

#6. ((#3) OR (#4)) OR (#5) 7.679

#7. ((((((vitamin k deficiency[MeSH Terms]) OR (vitamin k def*[Title/Abstract])) 
OR (embryopathy[MeSH Terms])) OR (embryopath*[Title/Abstract])) OR 
(hemorrhage[MeSH Terms])) OR (hemorrh*[Title/Abstract])) OR (bleeding[Title/
Abstract])

633.608

#8. (#6) AND (#7) 1.137

Embase

#1. exp hyperemesis gravidarum/ or ‘hyperemesis gravidarum’.ti,ab. 3.311

#2. ((pregnan* or gravidar* or gravidit* or gestat* or antenat* or prenat* or ante-
nat* or pre-nat*) adj6 (nausea* or antinause* or vomit* or antivomit* or emes* or 
hypereme* or antiemet* or emetic*)).tw,kw.

4.267

#3. 1 or 2 5.293

#4. exp vitamin k deficiency/ or exp bleeding/ or exp embryopathy/ or embryopat*.
ab,ti. or vitamin k def*.ab,ti. or hemorrh*.ab,ti. or bleeding.ab,ti.

1.200.837

#5. 3 AND 4 604
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AJOG AT GLANCE

A. Why was this study conducted?
In 2012 a systematic review was published describing the effects of HG on perinatal outcomes. 

Since then, several studies have been conducted to evaluate perinatal outcomes after maternal 

HG.

B. What are the key findings?

Meta-analysis shows that HG is significantly associated with:

• increased risk of:

o preterm birth <34 weeks (OR 2.81)

o birth weight <1500 grams (OR 1.43)

o neonatal intensive care unit admission (OR 1.20)

o placental abruption (OR 1.15)

o neonatal resuscitation (OR 1.07)

• decreased risk of:

o birthweight >4000 grams (OR 0.74)

o stillbirth (OR 0.92)

C. What does this study add to what is already known?
Maternal HG is linked to an increased chance of several adverse perinatal outcomes, but may 

protect against macrosomia and stillbirth.
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ABSTRACT

Background
Hyperemesis gravidarum (HG) is the severe form of nausea and vomiting during pregnancy 

and can lead to undernutrition and low maternal weight gain. Previous epidemiologic and 

animal studies have shown that undernutrition and low maternal weight gain in pregnancy 

can increase the risk of unfavorable perinatal outcomes, like shorter gestational age, small for 

gestational age, lower weight at birth.

Objective
To evaluate the effect of HG on perinatal outcomes.

Data sources
OVID Medline and Embase were searched from inception to February 9th, 2022

Study eligibility
Studies reporting on perinatal outcomes of infants born to mothers with HG or severe NVP 

were included. Case reports, case series, animal studies, reviews, editorials and conference 

abstract were excluded.

Study appraisal and synthesis methods
Two reviewers independently selected and extracted data. Risk of bias was assessed by the 

Newcastle-Ottawa Quality Assessment Scale. We conducted meta-analyses where possible.

Results
Our search yielded 1387 unique papers, of which 61 studies (n=20,532,671 participants) were 

included in our systematic review. Meta-analyses showed that HG was associated with preterm 

birth <34 weeks (2 studies n=2,882: OR 2.81, 95%CI:1.69-4.67), birth weight <1500 grams (2 

studies, n=489,141: OR1.43, 95%CI:1.02-1.99), neonatal resuscitation (2 studies, n=4,289,344: 

OR 1.07, 95%CI:1.05-1.10), neonatal intensive care unit admission (7 studies, n=6,509,702: OR 

1.20, 95%CI:1.14-1.26) and placental abruption (6 studies, n=9,368,360: OR 1.15, 95%CI:1.05-1.25). 

HG was associated with reductions in birthweight >4000 grams (2 studies, n=5,503,120: OR 

0.74, 95%CI:0.72-0.76) and stillbirth (9 studies, n=3,973,154: OR 0.92, 95%CI:0.85-0.99). Meta-

analyses revealed no association between HG and Apgar scores <7 at 1 and 5 minutes; fetal 

loss, perinatal deaths and neonatal deaths.
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Conclusion
HG is associated with several adverse perinatal outcomes including low birth weight and 

preterm birth. We also found that pregnancies complicated with HG less often involved 

macrosomia and stillbirth. Although we were unable to investigate underlying mechanisms, 

poor nutritional status among mothers with HG is likely to have played a role our findings. It 

is unknown to which degree adequate and timely HG treatment could lead to improvements 

of these detrimental effects.
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INTRODUCTION

The majority of women, up to 80%, experience nausea and vomiting during pregnancy (NVP).1 

Women falling at the severe end of this clinical spectrum may be diagnosed with hyperemesis 

gravidarum (HG). Recently, an international HG definition was developed, which defines HG 

as a condition that starts early in pregnancy, before a gestational age of 16 weeks, and is 

characterized by severe nausea and/or vomiting, inability to eat and/or drink normally and 

strongly limits daily activities.2 HG can lead to dehydration, electrolyte disturbances and weight 

loss.3, 4 Currently there is no cure available for HG, patients receive symptomatic and supporting 

treatment.5

Previous epidemiologic and animal studies have shown that undernutrition and low maternal 

weight gain in pregnancy can increase the risk of unfavorable perinatal outcomes, including 

small for gestational age (SGA), low weight at birth or more preterm birth. 6-10 In 2012 a systematic 

review was published describing the effects of HG on infants, including perinatal outcomes.11 

Since then, a substantial number of studies describing the effects of HG on perinatal outcomes 

have been published, necessitating an updated estimate of aggregate effects.12-14

Recently, a top 10 of the most urgent priorities in HG research was developed by patients and 

clinicians, which prioritized the investigation of immediate and long term effects of HG on the 

developing fetus.15 Therefore, we aimed to update the systematic summary of the available 

evidence on perinatal outcomes of infants born to mothers with HG.
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METHODS

This systematic review was conducted in accordance to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines and following the A MeaSurement 

Tool to Assess systematic Reviews (AMSTAR) methodology. The review protocol was 

prospectively registered in the International Prospective Register of Systematic Reviews 

(PROSPERO, CRD42020209554).

Search strategy
A medical information specialist (JL) conducted a systematic literature search in OVID Medline 

and EMBASE from inception to February 9th, 2022. Search terms for HG or NVP were combined 

with search terms comprising infant outcomes (perinatal and long term outcomes). There 

was no language restriction. Editorials, reviews conference and case-reports were excluded 

(the complete search strategy can be found in Appendix A). All references were imported in 

ENDNOTE (version X9.3.3) and duplicates were removed. Reference lists and citing references 

of relevant papers were checked using Web of Science.

Protocol deviations
The Risk Of Bias in Non-randomized Studies - of Exposure (ROBINS-E) tool was not used, due to 

the fact that the tool remained ‘under development’ during the review process. Furthermore, 

we did not search the Cochrane Central Register of Controlled Trials (CENTRAL), as we mainly 

expected evidence from published observational studies and any RCT would also be found 

in Medline and EMBASE.

Eligibility criteria
Studies reporting on perinatal outcomes of infants born to mothers with HG or severe NVP 

were included. Case reports, case series, animal studies, reviews, editorials and conference 

abstract were excluded. Of articles that reported on the same study population/data, only 

the parent study was included.

Study selection
Two reviewers (KN and LJ) independently screened the records on title and abstract, according 

to the eligibility criteria, using Rayyan.16 Potential eligible studies were obtained in full text. A 

second eligibility check was performed independently by both reviewers (KN and LJ) for studies 

in full text. Hereafter a third reviewer (RP) was consulted in case of disagreement about the 

in- or exclusion of articles between the first two reviewers (KN and LJ).
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Data collection process
One reviewer (LJ) extracted the data using a piloted data extraction form which was critically 

appraised by a second reviewer (KN). In case of missing or unclear data authors were contacted 

by email or by letter.

Assessment of risk of bias
The Newcastle-Ottawa Scale (NOS) was used to perform a quality assessment of included 

studies, and consists of 8 questions with a maximum score of 9.17 Studies scoring ≥7 were 

considered good quality, ≥5 fair quality and ≤4 poor quality. We did not exclude studies with 

low quality. The quality of each study was independently assessed by two reviewers (KN and 

LJ), in case of disagreement a third reviewer was consulted (RP).

Data synthesis
Meta-analysis was conducted if sufficient data were available, otherwise data were described 

narratively. Data were presented as odds ratios (OR) with corresponding 95% confidence 

intervals (95% CI). We estimated Mantel-Haenszel odds ratio using a random effect model, as 

we anticipated substantial levels of heterogeneity. To assess heterogeneity, I2 statistics were 

used: an I2 value >75% was considered high heterogeneity. If at least 10 studies reported on 

the same outcome, publication bias was assessed by analyzing funnel plots, which is in line 

with the Cochrane Handbook for Systematic Reviews of Interventions.18 Meta-analysis were 

performed using Review Manager (RevMan, version 5.4, The Cochrane Collaboration, 2020). A 

p-value below 0.05 was considered statistically significant.

Subgroup analyses
In case of high heterogeneity, we performed sensitivity analyses for European studies compared 

to studies conducted elsewhere, and case control versus cohort studies. To assess whether 

more recent improvements in HG treatment could have impacted HG’s effects on perinatal 

outcomes, a subgroup analysis was performed including only studies performed after 2001 

of which HG-exposed were compared with non-exposed (since from 2000 several patient 

organizations for HG were established, which advocated for HG awareness among policy 

makers and health professionals). To assess the possibility of HG severity affecting perinatal 

outcomes, subgroup analyses were performed for hospitalization and, if studies made a 

distinction between mild and severe HG, for mild and severe HG.

7
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RESULTS

Study selection
Our search identified 1387 unique studies of which seventy studies were considered eligible 

based on full text screening, as is shown in Figure 1.12, 19-86 Nine were excluded, four because 

of insufficient data20, 22, 50, 58 and five because they reported on the same study population 

(Appendix B).39, 57, 67, 69, 75 In total, 61 studies were included in this systematic review. Cited and 

citing reference searches did not reveal additional studies.

Figure 1. PRISMA flow diagram: selection process of articles

Study characteristics
The main characteristics of the included studies are summarized in Table 1. Two studies 

validated their results in another study population, these two populations were described 

separately.37, 84 Forty-eight cohort studies and thirteen case-control studies were included in 

this systematic review.
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Risk of bias of included studies
Of the 61 included studies, six cohort studies and two case-control studies were rated to be 

of poor quality, as shown in Table 2.24, 29, 40, 41, 48, 49, 55, 79 These studies mainly scored low on the 

selection domain, because of including self-selected participants, and on the comparability 

domain, because they did not adjust for confounders in statistical analysis. Twenty-one cohort 

studies and four case-control studies were rated to be of fair quality.12, 19, 21, 23, 28, 30, 31, 33, 36, 37, 43, 46, 51, 53, 

56, 61, 64, 65, 70, 72, 74, 78, 82, 83 Twenty-eight studies (21 cohort and seven case-control) were rated to be 

of good quality.25-27, 32, 34, 35, 38, 42, 44, 45, 47, 52, 54, 59, 60, 62, 63, 66, 68, 71, 73, 76, 77, 80, 81, 84-86 As displayed in Appendix 

C, funnel plots for birth weight, birthweight <2500 grams, SGA and congenital anomalies did 

show asymmetry, which could be a sign of publication bias.88

Table 2. Risk of bias assessment using the Newcastle-Ottawa Quality Assessment Scale (NOS) of included 
cohort and case-control studies

Cohort studies

Studies Selection Comparability Outcome
Total 
score

Quality 
score

Agmon et al, 2019 *** *** 6 Fair

Askling et al, 1999 *** *** 6 Fair

Bailit et al, 2005 *** *** 6 Fair

Basso et al, 2001 *** * *** 7 Good

Bayraktar et al, 2021 *** *** 6 Fair

Boissière-O’Neill et al, 2021 *** ** *** 8 Good

Bolin et al, 2013 *** ** *** 8 Good

Chin et al, 1988 *** *** 6 Fair

Chin et al, 1989 *** ** 5 Fair

Coetzee et al, 2011 *** ** *** 8 Good

Del Mar et al, 2000 *** *** 6 Fair

Dodds et al, 2006 *** ** *** 8 Good

Fejzo et al, 2013 * ** 3 Poor

Fejzo et al, 2015 * ** 3 Poor

Fiaschi et al, 2017 *** ** *** 8 Good

Getahun et al, 2019 *** *** 6 Fair

Grooten et al, 2017 *** ** *** 8 Good

Gu et al, 2021 *** ** ** 7 Good

Gunay et al, 2020 *** *** 6 Fair

Hallak et al, 1993 *** *** 6 Fair

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   202160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   202 25-8-2022   20:10:5625-8-2022   20:10:56



203

Perinatal outcomes in hyperemesis gravidarum

Table 2. Continued

Hastoy et al, 2013 *** ** *** 8 Good

Hohlbein et al, 1961 * ** 3 Poor

Hsu et al, 1993 ** ** 4 Poor

Kidess et al, 1974 *** *** 6 Fair

Klebanoff et al, 1985 **** ** * 7 Good

Koot et al, 2017 *** *** 6 Fair

Koudijs et al, 2016 *** ** *** 8 Good

Kruse et al, 1975 * *** 4 Poor

Kuru et al, 2012 *** *** 6 Fair

Mitsuda et al, 2018 ** ** *** 7 Good

Mitsuda et al, 2019 ** ** *** 7 Good

Morokuma et al, 2016 ** ** ** 6 Fair

Muraoka et al, 2020 *** ** *** 8 Good

Nurmi et al, 2020 *** ** *** 8 Good

Ong et al, 2021 ** ** ** 6 Fair

Ozay et al, 2019 *** *** 6 Fair

Paauw et al, 2005 *** ** *** 8 Good

Peled et al, 2014 *** ** *** 8 Good

Rashid et al, 2012 *** *** 6 Fair

Roseboom et al, 2011 *** ** *** 8 Good

Salunkhe et al, 2021 ** *** 5 Fair

Sorenson et al, 2000 *** *** 6 Fair

Tsang et al, 1996 *** *** 6 Fair

Ustun et al, 2004 ** ** 4 Poor

Vandraas et al, 2013 *** ** *** 8 Good

Vikanes et al, 2013 ** ** *** 7 Good

Vilming et al, 2000 *** ** 5 Fair

Wang et al, 2020 *** ** *** 8 Good

Case-control studies

Studies Selection Comparability Exposure
Total 
score

Quality 
score

Bashiri et al, 1995 ** ** 4 Poor

Buyukkayaci et al, 2015 *** ** 5 Fair

Caltekin et al, 2021 ** ** 4 Poor

Coffey et al, 1957 *** ** 5 Fair

Czeizel et al, 2003 **** ** ** 8 Good

7
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Table 2. Continued

Czeizel et al, 2005 **** ** ** 8 Good

Depue et al, 1987 ** * ** 5 Fair

Schiff et al, 2004 *** * *** 7 Good

Tan et al, 2006 *** * *** 7 Good

Tan et al, 2007 **** ** *** 9 Good

Vlachodimitropoulou et al, 
2013

** ** ** 6 Fair

Zhang et al, 1991 **** ** ** 8 Good

Zhang et al, 2017 *** ** ** 7 Good

The NOS risk of bias assessment tool consisted of 8 items with a total maximum score of 9. A score ≥7 was considered as good 
quality, a score ≥5 as fair quality and a score ≤4 as poor quality.

Apgar score, asphyxia and pH at birth
There were fifteen studies (n=3,797,409) reporting on Apgar score, see Appendix D.12, 19, 29, 32, 

38, 46, 53, 54, 56, 68, 71, 78, 80, 81, 83 Two studies (n=13,469) reported the mean Apgar score at 1 minute78, 

83 and three studies (n=15,707) the mean Apgar score at 5 minutes.54, 78, 83 These five studies 

showed no difference between HG and control pregnancies. Studies could not be pooled in 

meta-analysis due to missing data.

Four studies (n=71,962) assessed Apgar scores <7 at 1 minute.19, 29, 32, 81 Meta-analysis of these 

four studies showed no statistically significant association between HG and Apgar scores <7 

at 1 minute (OR 0.74 95%CI:0.53-1.03, p=0.07, I²=30%, Figure 2.1). Twelve studies reported on 

Apgar score <7 at 5 minutes.12, 19, 29, 32, 38, 46, 53, 56, 68, 71, 80, 81 Meta-analysis (Figure 2.2) showed no 

statistically significant association between HG-exposure and Apgar score <7 at 5 minutes 

(12 studies, n=3,712,472, OR 1.12, 95%CI:1.00-1.26, p=0.06, I²=0%). One cohort study (n=180) 

reported on cord blood pH at birth. No differences between HG-exposed and non-exposed 

infants were found (Appendix D).19

One study (n=366) reported on asphyxia which was defined as mild in case of an Apgar score 

between 4 and 6 and severe in case of an Apgar score less than 4.30 Only 5 HG-exposed infants 

were included, and none of them were diagnosed with asphyxia.
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Figure 2. Forest plots Apgar score

2.1 Forest plot Apgar score <7 at 1 minute

2.2 Forest plot Apgar score <7 at 5 minutes

Birth weight
Birth weight was reported in 25 studies (n=4,063,406), see Appendix E.12, 19, 23, 24, 29-32, 37, 40, 46, 

51, 53, 54, 56, 62, 65, 66, 68, 71, 72, 77, 80-82 Eight of these studies showed lower birth weight at birth in HG-

exposed infants compared with non-exposed infants.23, 29, 31, 40, 66, 68, 71, 82 Eleven studies could 

not be included in the meta-analysis, eight studies due to missing information on SDs 12, 23, 24, 

32, 40, 80-82 and three studies because they did not report mean birth weights and SDs for the 

total HG group.31, 46, 54 Meta-analysis (14 studies, n=1,211,650) showed high heterogeneity with 

an I² of %92 (Figure 3.1). In sensitivity analyses for study design the heterogeneity remained 

high (I2>75%, Appendix F.1). Sensitivity analyses for only European studies revealed lower 

birth weight in the HG-exposed group (mean difference -111.79 gram, 95%CI: -135.94--87.63, 

p<0.00001, I²=68%, Appendix F.2).

Birth weight centile was reported in two cohort studies (Appendix E).64, 68 One of these studies 

showed lower birth weight centile in the HG-exposed group compared to the non-exposed 

7
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group (HG-exposed: 44.8±28.3 centile, HG non-exposed: 52.4±27 centile, p<0.001).68 Meta-

analysis was not possible.

Low birthweight (below 2500 or 1500 grams)

Sixteen studies (n=6,433,944) reported on HG and birth weight <2500 grams.23, 28, 30, 32, 38, 42, 47, 

52, 54, 65, 72, 73, 77, 81, 84, 85 Meta-analysis including these sixteen studies showed high heterogeneity 

(I%77=², Figure 3.2). Sensitivity analysis including only cohort studies (Appendix F.3) showed 

persistently high heterogeneity (I%89=²) while the sensitivity analysis including case-control 

studies (Appendix F.4) showed birth weight <2500 grams more often in HG exposed group 

(four studies, n=14.524: OR 1.32, 95%CI:1.09;1.61, p=0.005, I²=0%). Sensitivity analyses including 

only European studies revealed no associations (Appendix F.5).

The frequency of a birth weight <1500 grams was reported in two cohort studies.23, 30 Meta-

analysis of these two studies (n=489,141) showed a positive association between HG and birth 

weight <1500 grams (OR1.43, 95%CI:1.02-1.99, p= 0.04, I%48=², Figure 3.3).

SGA

SGA was reported in nineteen studies (n=1,208,478). SGA was described as birth weight <10th 

centile in eighteen studies and in one study as <2 SD below mean birth weight.12, 19, 23, 27, 32, 38, 40, 

42, 47, 54, 56, 61, 64, 68, 71, 80, 81, 83, 85 Meta-analysis showed high heterogeneity (nineteen studies, I%93=², 

Figure 3.4). Sensitivity analysis including cohort studies and European studies (Appendix 

F.6 and F.7) did not result in a reduction of the high heterogeneity (I2=94 and I2=81%).

Birth weight >4000 grams

Birth weight >4000 grams was reported in two studies (n=5,503,120).42, 73 Meta-analysis 

showed that HG-exposed infants were less likely to have weigh >4000 grams at birth (OR 

0.74, 95%CI:0.72-0.76, p<0.00001, I%44=², Figure 3.5).

Large for gestational age (LGA)

Six studies (n=8,249,645) described infants large for gestation age (LGA), which was defined as 

a birth weight >90th centile.23, 42, 64, 68, 80, 83 Meta-analysis (six studies) showed high heterogeneity 

(I2=100%, Figure 3.6). Heterogeneity remained high in sensitivity analysis that included only 

cohort studies (I2=100%, Appendix F.8).
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Figure 3. Forest plots birth weight

3.1 Birth weight in general

3.2 Birth weight <2500 grams

3.3 Birth weight <1500 grams

7
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3.4 Small for gestational age

3.5 Birth weight >4000 grams

3.6 Large for gestational age

Congenital anomalies
Thirteen studies (n=2,207,689) reported on congenital anomalies (Appendix G).24, 26, 28, 32-35, 37, 40, 46, 

48, 78, 86 Studies were pooled in meta-analysis which showed high heterogeneity (I%95=², Figure 

4). Sensitivity analyses for study design (cohort/case-control studies) and European origin did 

not result in reductions in high heterogeneity (I² of 90%, 95% and 97%, Appendix H.1-H.3).
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Figure 4. Forest plot Congenital anomalies

Fetal sex
Fetal sex was reported in 36 studies (n=13,565,286, Appendix I).12, 21, 24, 25, 29, 32, 36, 38, 40-43, 45, 47, 49, 53-56, 

59, 63-66, 68, 70, 71, 73, 74, 76, 78, 82-85, 87 Meta-analysis (Figure 5) had high heterogeneity (I2=77%). Sensitivity 

analysis for cohort studies also had high heterogeneity (I²=78%, Appendix J.1), but sensitivity 

analysis for case-control studies (OR 1.33, 95%CI:1.24-1.43, p<0.00001, I%39=², Appendix J.2) 

and European studies (OR 1.25, 95%CI:1.23-1.27, p<0.00001, I%30=², Appendix J.3) all found 

more female infants were born to mothers with HG. 7
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Figure 5. Forest plot fetal sex

Gestational age at delivery and preterm birth
Twenty-five studies reported on gestational age at delivery (n=2,900,154, Appendix K).12, 19, 

23, 24, 29-32, 44, 46, 51, 54, 56, 60, 62, 64-66, 68, 72, 78, 80-83 Five studies reported a significantly shorter gestational 

age at birth in infants born to mothers with HG.23, 29, 64, 66, 68 Only nine out of twenty-five studies 

were included in the meta-analysis due to missing data (no SD available) or different ways 

of outcome reporting in the studies. Meta-analysis, Figure 6, showed high heterogeneity 

(I%97=²). Sensitivity analysis was not possible.

Preterm birth <37 weeks

Preterm birth <37 weeks was reported in 30 studies (n=11,020,932, Appendix L).12, 19, 30, 32, 38, 

40-43, 46, 47, 51-53, 56, 60, 64-66, 68, 71-73, 77, 78, 80, 81, 83-85 Meta-analysis, Figure 7.1, showed high heterogeneity 

(I%79=²). Sensitivity analysis (Appendix M.1) for cohort studies had high heterogeneity 

(I%81=²). Sensitivity analyses for case-control studies and European studies (Appendix M.2 
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and M.3) showed significantly more preterm birth in the HG-exposed group (case-control: 

OR 1.25, 95%CI:1.04-1.51, p=0.02, I%35=², European: OR 1.10, 95%CI:1.04-1.16, p=0.001, I%65=²).

Preterm birth <34 weeks

Two studies report on preterm birth <34 weeks (n=2,882, Appendix L).64, 68 When pooling 

these results in meta-analysis there was more preterm birth <34 weeks in the HG-exposed 

infants compared to non-exposed infants (OR2.81, 95%CI:1.69-4.67, p<0.0001, I%58=², Figure 

7.2).

Preterm birth <32 weeks

Three cohort studies report on preterm birth <32 weeks (n=7,051,100, Appendix L).42, 60, 80 Meta-

analysis, Figure 7.3, showed high heterogeneity (I%96=²). Sensitivity analysis was not possible.

Preterm birth <28 weeks

One study reported on preterm birth <28 weeks (n=27,042, Appendix L).60 There was no 

difference in the frequency of preterm birth <28 weeks between the HG-exposed and non-

exposed group (p=0.27).

Figure 6. Forest plot gestational age at birth 7

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   211160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   211 25-8-2022   20:10:5725-8-2022   20:10:57



212

Chapter 7

Figure 7. Forest plots preterm birth

7.1 Preterm birth <37 weeks

7.2 Preterm birth <34 weeks

7.3 Preterm birth <32 weeks
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Infant deaths

Fetal loss or fetal death

Eight studies (n=1,724,997) reported on fetal death, see Appendix N.28, 37, 52, 54, 79 Fetal loss was 

defined in two studies as ‘spontaneous abortion,’ in the third study as ‘fetal loss before 21 

weeks’, in the fourth study as ‘miscarriage between 14 and 19 weeks or stillbirth after 20 weeks’ 

and in the last study as ‘fetal loss before 24 weeks or if the foetus weighed less than 500 grams’. 

The definition of fetal death was described as fetal death after 20 weeks in the first study,23 in 

the second study as ‘fetal death during gestation (not further described) or labour’,71 and not 

described in the third study.78When pooling these five studies in meta-analysis, we found no 

association between HG and the combined fetal loss or fetal death rate, see Figure 8.1 (OR 

0.97, 95%CI: 0.75-1.27, p=0.84, I²=64%). Sensitivity analysis was not possible for European study 

(there was only one European study). Sensitivity analysis for cohort (Figure 8.2 OR 1.05, 95%CI: 

0.79-1.39, p=0.73, I²=70%) and case-control studies (Figure 8.3 OR 0.54, 95%CI: 0.24-1.25, p=0.15, 

I²=17%) separately revealed no significant association between HG and fetal loss or fetal death.

Stillbirth

Nine studies reported on stillbirth (n=3,973,154, Appendix N).12, 27, 30, 32, 37, 42, 54, 56, 80 The definition of 

stillbirth was not described in three studies, the other six studies all used a different definition, 

see Appendix N. Meta-analysis, Figure 8.4, showed a significantly lower chance of stillbirth 

in the HG exposed pregnancies (OR 0.92, 95%CI:0.85-0.99, p=0.02, I%0=²).

Perinatal death

Nine studies reported on perinatal death (n=3,708,440, Appendix N).19, 24, 38, 40, 47, 71, 78, 80, 81 The 

definition was not described in three studies and varied between the remaining six studies. 

Meta-analysis (Figure 8.5) did not show a significant association between HG and perinatal 

death (OR 0.97, 95%CI:0.85-1.11, p=0.64, I%30=²).

Neonatal death

Five studies reported on neonatal death (n=3,973,154, Appendix N).23, 30, 68, 71, 80 The definition 

of neonatal death was not described in three studies23, 30, 68, described as death within the 

first week in one study,71 and in the last study as death during the first 28 days of life.80 Meta-

analysis, Figure 8.6, did not show an association between HG and neonatal death (OR 1.11, 

95%CI:0.90;1.35, p=0.33, I%21=²).
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Figure 8. Forest plots infant deaths

8.1 Fetal loss or fetal deaths

8.2 Fetal loss or fetal deaths only cohort studies

8.3 Fetal loss or fetal deaths only case-control studies

8.4 Stillbirths
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8.5 Perinatal deaths

8.6 Neonatal deaths

Multiple gestation
Nine studies reported on multiple gestations (n=9,560,796, Appendix O).23-25, 42, 44, 54, 59, 63, 78 

Meta-analysis, Figure 9.1, showed high heterogeneity (I%76=²). Sensitivity analysis (Appendix 

P.1-P.2) including cohort studies showed high heterogeneity (I%79=²), but sensitivity analysis 

including only European studies showed significantly lower heterogeneity and demonstrated 

more multiple gestations in the HG-exposed group (OR 2.19, 95%CI:1.99-2.42, p<0.00001, 

I%29=²).

Neonatal complications
One study (n=2,396) reported on four different neonatal complications: respiratory distress 

syndrome; necrotizing enterocolitis; jaundice requiring phototherapy and hypoglycaemia 

(Appendix Q).68 Only respiratory distress syndrome was significantly less common in the 

HG-exposed group (2.7% versus 1.2%, p=0.01).

Two studies reported on resuscitation (n=4,289,344, Appendix Q).32, 42 Meta-analysis (Figure 

9.2) showed that resuscitation was more often necessary in the HG-exposed infants (OR 1.07, 

95%CI:1.05-1.10, p<0.00001, I%0=²).
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Neonatal intensive care unit (NICU) admission and length of stay in hospital
Results of studies reporting on NICU admission and length of stay in hospital are shown in 

Appendix R.32, 42, 46, 64, 66, 68, 71 Meta-analysis including 7 studies (n=6,509,702) showed that there 

were more NICU admissions in HG-exposed infants compared to non-exposed infants (OR 1.20 

95%CI:1.14-1.26, p<0.00001, I²=75%), see Figure 9.3.

Only one study(n=351) reported on the length of stay in hospital and showed a longer mean 

stay of 2.9 days in the HG-exposed infants compared to a mean stay of 1.8 days in the non-

exposed infants.66

Newborn measurements
Two studies reported on newborn measurements (n=328, Appendix S).32, 51 Both report the 

crown-heel length and the head circumference in centimetres. Only the head circumference 

in neonates born at term was smaller in the HG exposed infants in one of the studies (HG-

exposed: 34.8 cm IQR 30.2-38, non-exposed 35.5cm IQR 31-39, p=0.02).32 Meta-analysis was not 

possible due to different ways of outcome reporting. One of the studies (n=198) also reported 

the frequency of the head circumference being respectively small or large for gestational 

age and found no differences between the HG-exposed and non-exposed group.32 One 

study (n=130) reported on the biparietal diameter, but did not state if there was a significant 

difference between HG-exposed (9.3±0.1 cm) and non-exposed newborns (9.2±0.1 cm).51

Placental abruption
Six studies reported on placental abruption (n=9,370,211, Appendix T).12, 19, 27, 30, 42, 68 Meta-

analysis, Figure 9.4, showed a higher risk of placental abruption in the HG-exposed group 

(OR 1.15, 95%CI:1.05-1.25, p=0.002, I%14=²).
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Figure 9. Forest plots multiple gestations, resuscitation, NICU admission and placental abruption

9.1 Forest plot multiple gestation

9.2 Forest plot neonatal resuscitation

9.3 Forest plot NICU admission

9.4 Forest plot placental abruption

7

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   217160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   217 25-8-2022   20:10:5825-8-2022   20:10:58



218

Chapter 7

Subgroup analysis of studies performed after 2001
There were 28 studies conducted after 2001 (six case-control and 22 cohort studies) and 33 

for 2001 (seven case-control and 26 cohort studies). 12, 19, 29, 32, 39-41, 44, 45, 47, 54, 56, 58-65, 70-72, 76, 77, 83, 86, 87 

Subgroup analysis could be performed for seventeen outcomes (Table 3.1 and Appendix U).

Subgroup analysis revealed a lower birth weight (8 studies, n=1,199,384, mean difference -99.71 

gram, 95%CI: -121.82--77.59, p<0.00001, I²=64%, Appendix U.4), more SGA infants (11 studies, 

n=1,207,784, OR1.13, 95%CI:1.02-1.26, p=0.02, I%31=², Appendix U.8) and more female infants 

in the HG-exposed group (18 studies, n=1,980,302, OR1.31, 95%CI:1.28-1.35, p<0.00001, I%61=², 

Appendix U.14).

Subgroup analysis showed high heterogeneity in case of congenital anomalies (I%80=², 

Appendix U.11), multiple gestations (I%81=², Appendix U.24), preterm birth <37 weeks 

(I%77=², Appendix U.30) and preterm birth <32 weeks (I%96=², Appendix U.32).

Subgroup analysis revealed no differences in Apgar score <7 at 1 minute, Apgar score <7 at 5 

minutes, birth weight <2500 grams, LGA infants, gestational age at delivery, fetal loss of fetal 

death, stillbirth, perinatal death, NICU admission and placental abruption (Appendix U).

Subgroup analysis including only studies performed before 2001 for the same outcomes, 

revealed high heterogeneity in nine outcomes, no effect in two outcomes and was not possible 

to perform in two outcomes (Table 3.1). Four outcomes showed significant correlations with 

more Apgar score <7 at 5 minutes, more multiple gestations, more placental abruptions and 

less stillbirths in HG exposed infants.

Subgroup analysis women hospitalized for HG compared with non-ex-
posed

To assess the possibility of HG severity affecting perinatal outcomes, we performed a subgroup 

analysis only including hospitalized women with HG and compared this subgroup with women 

without HG (the non-exposed group). There were 32 studies, 26 cohort and six case-control 

studies, that only included women hospitalized for HG or which had a subgroup of women 

hospitalized for HG.12, 21, 23-27, 30-32, 34, 36, 38, 40-43, 46, 47, 49, 51, 56, 62, 64, 66-68, 70, 73, 74, 76, 77, 81-83 Subgroup analysis 

could be performed for sixteen outcomes (Table 3.2, Appendix V).

In offspring born to women hospitalized for HG there was less often an Apgar score <7 at 1 

minute (two studies, n=71,670, OR 0.67, 95%CI:0.47-0.97, p=0.03, I%23=², Appendix V.1), birth 

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   218160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   218 25-8-2022   20:10:5825-8-2022   20:10:58



219

Perinatal outcomes in hyperemesis gravidarum

weight <2500 grams was more common (nine studies, n=6,221,275, OR 1.33, 95%CI:1.30-1.37, 

p<0.00001, I%13=², Appendix V.4), there were more female infants (23 studies, n=9,658,736, 

OR 1.20, 95%CI:1.18-1.21, p<0.00001, I%53=², Appendix V.8), there was less often stillbirth 

(six studies, n=9,364,195, OR 0.90, 95%CI:0.83-0.98, p=0.01, I%0=², Appendix V.10), less often 

perinatal death (five studies, n=229,083, OR 0.44, 95%CI:0.26-0.77, p=0.004, I%55=², Appendix 

V.11), more often neonatal death (three studies, n=507,591, OR 1.69, 95%CI:1.02-2.80, p=0.04, 

I%0=², Appendix V.12), more often placental abruption (five studies, n=9,368,180, OR1.14, 

95%CI:1.05-1.25, p=0.002, I%30=², Appendix V.15) and more often preterm birth <37 weeks in 

the HG-exposed group (twenty studies, 5,485,642, OR 1.24 95%CI:1.21-1.27, p<0.00001, I²=71%, 

Appendix V.16)

Subgroup analysis for hospitalization revealed no effect in case of Apgar score <7 at 5 minutes 

(six studies, n=242,975, OR 1.21, 95%CI:0.88-1.66, p=0.25, I%0=², Appendix V.2) and LGA (5 

studies, n=5,983,177, OR 1.02, 95%CI:1.00-1.04, p=0.06, I%64=², Appendix V.6).

Subgroup analysis for hospitalization showed high heterogeneity in case of birth weight (I%95=², 

Appendix V.3), SGA(I%95=², Appendix V.5), congenital anomalies(I%81=², Appendix V.7), 

gestational age at delivery(I%98=², Appendix V.9), multiple gestations(I%80=², Appendix 

V.13) and NICU admission(I%83=², Appendix V.14).

Subgroup analysis mild versus severe HG
Six studies, five cohort studies and one case-control study, made a distinction between mild 

and severe HG.19, 31, 46, 47, 54, 73 All studies used different definitions, see Table 4. Subgroup analysis 

could be performed for birth weight, birth weight <2500 grams, SGA, fetal sex, gestational age 

at delivery and preterm birth <37 weeks (Appendix W).

When comparing mild HG with no HG, heterogeneity remained high in case of fetal sex, none 

of the other outcomes showed an effect (Table 3.3).

When comparing severe HG with no HG, birth weight was significantly lower (mean difference 

-128.43 gram, 95%CI:-206.29- -0.81, p=0.05, I%0=²) and significantly more female infants (OR 

1.44, 95%CI:1.29-1.60, p<0.00001, I%0=²) were born in the severe HG group (Table 3.4). Birth 

weight <2500 grams, SGA, gestational age at delivery and preterm birth <37 weeks did not 

show significant differences.

7
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When comparing severe HG with mild HG there was a significantly lower birth weight in the 

severe HG group (mean difference -104.29 gram, 95%CI:-207.78- -0.81, p=0.001, I%67=²), all other 

outcomes did not show an effect (Table 3.5).

For eleven outcomes subgroup analysis was not possible due to the fact that only one study 

made a distinction between mild and severe HG. One study (n=89) showed no significant 

difference when comparing mild with severe HG on Apgar score at 1 minute (mild n=4/46, 

severe n=5/43, p=0.417, Appendix D), Apgar score at 5 minutes (mild n=0/46, severe n=2/43, 

p=0.198, Appendix D), pH at birth (mild: 7.30±0.95, severe: 7.29±0.92, p=0.23, Appendix D) 

perinatal deaths (mild n=0/46, severe n=2/43, p=0.192, Appendix N) and placental abruption 

(mild n=0/46, severe n=1/43, p=0.202, Appendix T).19

Another study (n=2,233) made a distinction between mild and severe HG but only compared 

this to the non HG-exposed group. They found similar Apgar scores at 5 minutes between 

groups (all three groups 9±0, Appendix D), no difference in fetal loss in the severe or mild HG 

group compared to the non-exposed group (non-exposed:7.5%, mild:7.9% p=0.75, severe:4.3% 

p=0.44, Appendix N), no difference in stillbirth in the severe or mild HG group compare to the 

non-exposed group (non-exposed:1.2%, mild:1% p=0.74, severe:2.7% p=0.26, Appendix N).54

A third study (n=12,473) made a distinction between mild and severe HG and found no 

significant relations on congenital anomalies (non-exposed:1.6%, mild:2.5%, severe:2% p>0.05, 

Appendix G) and NICU admission(non-exposed:7.9%, mild:10%, severe:4.1% p>0.05, Appendix 

Q).46
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3.3 Subgroup analysis severity HG: mild HG compared with no HG

Outcome Meta-analysis Subgroup analysis
Birth weight High heterogeneity: I²=92% No effect: mean difference 0.42, 

95%CI:-46.80-47.64, p=0.99, I²=0%
Birth weight <2500 grams High heterogeneity: I²=77% No effect: OR 0.96, 95%CI:0.65-1.41, 

p=0.84, I²=0%
Small for gestational age High heterogeneity: I²=93% No effect: OR 1.19, 95%CI:0.91-1.56, 

p=0.21, I²=0%
Fetal sex- female High heterogeneity: I²=78% High heterogeneity: I²=85%
Gestational age at delivery High heterogeneity: I²=97% No effect: mean difference 0.13, 

95%CI:-0.07-0.33, p=0.20, I²=0%
Prematurity <37 weeks High heterogeneity: I²=79% No effect: OR 1.37, 95%CI:0.69-2.74, 

p=0.37, I²=0%

3.4 Subgroup analysis severity HG: severe HG compared with no HG

Outcome Meta-analysis Subgroup analysis
Birth weight High heterogeneity: I²=92% Lower birth weight: mean difference 

-128.43, 95%CI:-206.29- -0.81, p=0.05, 
I²=0%

Birth weight <2500 grams High heterogeneity: I²=77% No effect: OR 1.61, 95%CI:0.80-3.25, 
p=0.18, I²=38%

Small for gestational age High heterogeneity: I²=93% No effect: OR 1.53, 95%CI:0.94-2.49, 
p=0.08, I²=0%

Fetal sex- female High heterogeneity: I²=78% More often: OR 1.44, 95%CI:1.29-1.60, 
p<0.00001, I²=0%

Gestational age at delivery High heterogeneity: I²=97% No effect: mean difference -0.07, 
95%CI:-0.40-0.26, p=0.68, I²=16%

Prematurity <37 weeks High heterogeneity: I²=79% No effect: OR 1.03, 95%CI:0.59-1.81, 
p=0.92, I²=0%

3.5 Subgroup analysis severity HG: mild HG compared with severe HG

Outcome Subgroup analysis

Birth weight Lower birth weight in severe HG: mean difference -104.29, 95%CI:-
207.78- -0.81, p=0.001, I²=67%

Birth weight <2500 grams No effect: OR 1.61, 95%CI:0.80-3.25, p=0.18, I²=29%

Small for gestational age No effect: OR 1.31, 95%CI:0.77-2.23, p=0.32, I²=16%

Fetal sex- female No effect: OR 0.98, 95%CI:0.82-1.17, p=0.84, I²=60%

Gestational age at delivery No effect: mean difference -0.16, 95%CI:-0.62-0.31, p=0.51, I²=0%

Prematurity <37 weeks No effect: OR 0.73, 95%CI:0.32-1.70, p=0.47, I²=0%

Rows were gray-colored in case MA and subgroup analysis showed similar effect
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Table 4. Definition severe HG

Study Definition severe HG

Agmon ≥2 of the following: (1) ≥3 hospitalizations in the first half of pregnancy, (2) elevated 
liver enzymes, (3) Abnormal levels of sodium or potassium, (4) weight gain < 7 kg 
or (5) ketonuria

Chin 1988 Heavy ketonuria (>3+), increase in urea and creatinine concentrations, serum 
electrolyte disturbance and/or increase in hematocrit (> 0.43)

Hallak Ketonuria, increased BUN and hematocrit, and/or abnormal electrolytes.

Hastoy Weight gain less than 7kg

Koudijs >5% weight loss compared to pre pregnancy weight

Schiff Hospitalized ≥3 times or admitted with a metabolic disturbance or hospitalized 
for ≥3 days
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DISCUSSION

Main findings
Our systematic review demonstrated that HG is associated with several adverse perinatal 

outcomes including low birth weight and preterm birth. We found some evidence that 

suggests severe HG has a larger impact on adverse outcomes than milder HG. Possible 

improvements in care in the last two decades (after 2001) did not translate in any appreciable 

improvements in perinatal outcomes among women with HG in studies conducted in the 

more recent time frame, compared to older studies.

Strengths and limitations
This systematic review has several strengths. The research protocol was prospectively published 

online. We were able to include a large number of studies on multiple perinatal outcomes. 

More than 80% of included studies were of fair to good quality. We were able to conduct 

23 meta-analyses, in case of high heterogeneity we performed sensitivity analyses and we 

explored potential effects on outcomes of mild and severe HG. Considering these strengths 

we feel our systematic review gives a complete overview on perinatal outcomes of infants 

born to mothers with hyperemesis gravidarum.

There were several limitations of this review. Eleven out of 23 meta-analyses revealed 

high heterogeneity, which limited our ability to provide aggregate point estimates. This 

heterogeneity may have been caused by variation in HG definitions (i.e. based on ICD codes, 

medical records and self-reports) or in reporting of perinatal outcomes, a problem that has 

been previously identified in HG research.89 Finally, we were not able to assess the role of 

maternal weight gain during pregnancy, or of treatment modalities, nor were we able to 

investigate the role of protracted HG on outcomes, each of which would could have produced 

relevant input for antenatal management of women with HG.

Comparison with existing literature
Low gestational weight gain and maternal undernutrition can lead to lower birth weight 

and preterm birth.7 Meta-analysis showed that HG was associated with an increased risk of 

birth weight <1500 gram and a lower risk of birth weight >4000 gram, although these effects 

were modest in size (respectively OR 1.43 and OR 0.74). The fact that HG can lead to low 

pregnancy weight gain and maternal undernutrition can be a major contributor to the effects 

on birth weight and preterm birth.3, 4 Altered vascular development, diminished angiogenic 

growth factor expression, and reduced placental glucose, amino acid, and lipid transport are 

7
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all associated with maternal undernutrition and lower birth weight and preterm birth90-96. 

Unfortunately, the included studies did not report enough data on maternal dietary factors, or 

maternal weight or weight change in pregnancy and we were therefore unable to investigate 

whether maternal undernutrition could be the causative mechanism underlying HG’s effects 

on perinatal outcomes.

Our meta-analysis confirmed that HG is associated with a reduced risk of stillbirth, which 

may seem at odds with increased low birth weight. Younger maternal age 97, 98, increased 

monitoring and induction of labour could each contribute to the relatively lower risk of still 

birth in pregnancies complicated by HG.99 Others have suggested that nausea and vomiting 

symptoms might be the direct result of sound placental function, and could underlie HG’s 

protective effects for stillbirth.100-102 Due to limited data we were unable to investigate these 

theories in this systematic review.

We aimed to investigate the effect of HG severity on perinatal outcomes. Some studies 

based severity on maternal weight difference, others on the number of hospitalizations or 

on biochemical determinants. We found significantly lower birth weight after severe HG in 

comparison to mild HG (mean difference -104.29, 95%CI:-207.78- -0.81, p=0.001, I%67=²), for 

five other outcomes (birth weight <2500 grams, SGA, gestational age at delivery and preterm 

birth <37 weeks) subgroup analysis showed no alterations in outcomes after severe HG. 

Previous work of ours suggested that HG’s detrimental effects on perinatal outcomes were 

largely explained by maternal characteristics.103 Other explanations for the lack of increase in 

adverse perinatal outcomes after severe HG can be due to the impossibility of identifying 

women with a poor prognosis. We defined severe HG as hospitalisation for HG, but many other 

factors than actual disease severity could have resulted in hospitalisation: social and financial 

determinants can affect a decision to admit. Therefore, a more appropriate definition of severe 

HG, for example based on factors indicating a poor prognosis, would be helpful to resolve 

whether there is a ‘dose-effect’ relation between HG and perinatal outcomes. Unfortunately, 

such factors are yet unknown and therefore not included in the recently published international 

definition of hyperemesis gravidarum.104

Conclusions and implications
This systematic review and meta-analysis showed that HG is associated with a range of 

adverse perinatal outcomes, and that there may be larger effects among those more severely 

affected by HG. Future studies should investigate the suspected mediating role of maternal 

undernutrition in adverse outcomes among mothers with HG, and also assess which role 
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prompt treatment with anti-emetics may play in improving adverse perinatal outcomes. Our 

findings could be an argument for clinicians to offer increased surveillance to women affected 

with HG.
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Appendix A. Search strategy

Ovid MEDLINE <1946 to February 08, 2022>
Search 2022-02-09

# Searches Results

1 hyperemesis gravidarum/ 1707

2
((*morning sickness/ and (*vomiting/ or *nausea/)) or (*vomiting/ and *nausea/)) 
and pregnancy/ 477

3
(hypereme* adj15 (pregnanc* or pregnant or gestat* or gravidi* or gravidar* or 
trimester* or maternal or prenat* or pre-nat* or antenat* or ante-nat* or intrauterine 
or intra-uterine or in-utero)).tw,kf. 1833

4
((pernicious* or serious* or sever* or excessiv*) adj2 (vomiting or nause*) adj9 
(gravidar* or gravidit* or gestat* or pregnanc* or pregnant or trimester*)).tw,kf. 318

5 (nausea adj2 vomit* adj3 pregnan*).tw,kf. 890

6 or/1-5 [hyperemesis gravidarum] 3105

7 exp pregnancy outcome/ [ incl stillbirth, live birth, spontaneous abortion ] 80661

8 prenatal exposure delayed effects/ or maternal exposure/ 39460

9
fetus/ or exp fetal heart/ or exp child/ or exp infant/ or puberty/ or schools/ or 
pediatrics/ [child /fetus] 2766192

10 child mortality/ or fetal mortality/ or exp infant mortality/ 33310

11

embryo loss/ or fetal diseases/ or fetal macrosomia/ or fetal growth retardation/ or 
fetal hypoxia/ or fetal nutrition disorders/ or exp fetal death/ or exp fetal membranes, 
premature rupture/ or exp obstetric labor, premature/ or oligohydramnios/ or 
hydrops fetalis/ or perinatal death/ or placenta diseases/ or abruptio placentae/ or 
placental insufficiency/ or infant, newborn, diseases/ or asphyxia neonatorum/ or 
exp infant, premature, diseases/ or neonatal sepsis/ or jaundice neonatal/ or exp 
infant death/ [pregnancy complications/infant death] 214719

12
exp birth weight/ or fetal weight/ or cephalometry/ or crown-rump length/ or fetal 
distress/ or apgar score/ 81925

13

child nutritional physiological phenomena/ or infant nutritional physiological 
phenomena/ or prenatal nutritional physiological phenomena/ or “growth and 
development”/ or exp human development/ or “embryonic and fetal development”/ 
or embryonic development/ or fetal development/ or fetal movement/ or fetal organ 
maturity/ or fetal viability/ or sex determination processes/ or sex differentiation/ or 
sexual development/ or language development/ or psychology, developmental/ 
or psychology, educational/ or exp education, special/ or exp child behavior/ or 
behavioral symptoms/ or neurobehavioral manifestations/ 205292

14 adolescent health/ or child health/ or infant health/ 6451

15

neurodevelopmental disorders/ or exp “attention deficit and disruptive behavior 
disorders”/ or exp autism spectrum disorder/ or obsessive-compulsive disorder/ or 
exp tic disorders/ or exp psychomotor performance/ or motor skills disorders/ or 
child behavior disorders/ 229050
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Continued

# Searches Results

16
exp aptitude tests/ or behavior rating scale/ or neuropsychological tests/ or 
language tests/ or exp “memory and learning tests”/ or stroop test/ or trail making 
test/ 127023

17 sex factors/ or sex ratio/ or sex determination analysis/ 290472

18 exp testicular diseases/ 40079

19
exp musculoskeletal system/ab or exp heart/ab or exp nervous system/ab or 
genitalia/ab or abdominal wall/ab or urinary tract/ab or kidney/ab or urinary 
bladder/ab or kidney diseases/cn 88450

20 exp *congenital abnormalities/ or exp congenital abnormalities/et, ep 527110

21

abnormalities, severe teratoid/ or exp cardiovascular abnormalities/ or exp 
nervous system malformations/ or hydrocephalus/ or exp musculoskeletal 
abnormalities/ or exp bone diseases, developmental/ or cleft lip/ or exp digestive 
system abnormalities/ or exp respiratory system abnormalities/ or exp urogenital 
abnormalities/ or exp hydronephrosis/ 522798

22 ((pregnancy or gestat*) adj outcom*).tw,kf. 29042

23
((perinat* or peri-nat* or birth*1 or childbirth* or deliver* or labo?r* or obstetric*) 
adj3 outcome*).tw,kf. 36309

24
((perinat* or peri-nat*) adj3 (complicat* or health or morbidit* or cancer* or 
malignan* or neoplas*)).tw,kf. 10213

25
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj18 expos*).tw,kf. 30672

26 (maternal adj2 expos*).tw,kf. 8230

27
((prenat* or pre-nat* or antenat* or ante-nat* or in-utero or intra-uterine or 
intrauterine) adj3 (factor* or variabl* or parameter* or circumstanc* or condition*)).
tw,kf. 5965

28
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj life).tw,kf. 1964

29
(DOHAD* or FOAD* or (early adj3 origin*)).tw,kf. or (development* adj3 origin* adj4 
(health* or diseas* or adult)).tw,kf,jw. 6048

30 (offspring* or progeny or (born adj2 mother*)).tw,kf. 118792

31

(f?etal or f?etus* or neonat* or neo-nat* or new*born* or new-born* or child or 
child*1 or children* or schoolchild* or childhood or infant* or infanc* or toddler* 
or prekindergarten* or kindergarten* or preschool* or school-age* or schoolage* 
or high-school* or highschool* or elementary school* or graders or puber* or teens 
or teenager* or youth or juvenil* or adolescence or adulthood or young adult* or 
adult life or older age* or “early life” or later-life or “later in life”).tw,kf. [ child filter ] 2742979

32

(((perinat* or peri-nat* or intrauterin* or intra-uterin* or in-utero or prenat* or pre-
nat* or antenat* or ante-nat*) adj3 (mortalit* or death* or demise)) or stillbirth* or 
stillborn* or asphyx* or miscarriag* or IUFD or (spontan* adj3 abort*) or ((embry* or 
pregnancy) adj2 loss*) or liveborn* or (live adj3 (birth* or born*))).tw,kf. 111411

7
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Continued

# Searches Results

33

(((intrauterin* or intra-uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-
nat*) adj3 (growth* or develop* or brain or movement*)) or ((intrauterin* or intra-
uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-nat*) adj12 growth adj2 
(restrict* or retard*)) or FGR* or IUGR* or SFGR* or SIUGR*).tw,kf. 31206

34 (placent* adj3 (insufficien* or d*sfunct* or inflammat* or abruptio*)).tw,kf. 8677

35

((PROM and ruptur* and (membran* or amnio*)) or PPROM* or EPPROM*1 or 
((prematur* or pre-matur* or i?matur* or preterm* or pre-term* or pre-labo?r or 
prelabo?r) adj6 ruptur* adj4 (amnio* or membran*)) or chorioamn* or amnionit* or 
intraamnio* or funisit*).tw,kf. or (((ruptur* adj2 (amnio* or membran*)) or ROM).tw,kf. 
and (pregnan* or gestat* or gravidit* or trimester* or intrauterine* or intra-uterin* 
or in-utero or prenat* or pre-nat* or antenat* or ante-nat*).mp.) 14626

36
(prematurity or ((preterm* or pre-term* or prematur* or pre-matur*) adj3 (labo?r or 
deliver* or birth* or childbirth*)) or PTB or PTBs or TPTB* or SPTB* or VPTB* or EPTB* 
or PTL or TPTL* or PTD*).tw,kf. 87937

37
(((small* or large* or deliver* or labo?r* or birth or childbirth) adj4 gestat* adj2 (age 
or ages)) or (gestat* adj (“at birth” or “at deliver*”)) or birth age* or SGA or LGA).tw,kf. 35171

38

(((birth or births or childbirth* or born or parturit* or delivery or baby or babies 
or postnat* or post-nat* or perinat* or peri-nat* or intrauterine or intra-uterine 
or in-utero) adj2 (underweight* or weight* or overweight* or siz* or length*)) or 
birthweight* or LBW* or VLBW* or ELBW*).tw,kf. 90273

39

((((head or cephal* or body or arm or arms or leg*) adj4 (circumfer* or measur* or siz* 
or small* or larg*)) or cephalometr* or anthropometr* or body mass* or BMI) adj9 
(birth or births or childbirth* or parturit* or delivery or baby or babies or postnat* 
or post-nat* or perinat* or per-nat* or intrauterine or intra-uterine or in-utero)).tw,kf. 10988

40

(neurodevelop* or ((brain or neurol* or neural or sex* or grow*) adj2 develop*) or 
“ages and stages” or DDST or (developmental adj4 (outcome* or test* or quotient* 
or index or indices or scor* or scale*)) or ((behav* or neurocognit* or cognit* 
or neurobehav* or neuropsychomot* or psychomotor* or psycho-motor* or 
neuromotor* or neuro-motor* or sensor?motor* or sensory motor* or visuomotor or 
visual motor or neuro-sensory or neurosensory) adj3 (abilit* or outcom* or problem* 
or develop*)) or ((executive or motor) adj3 (function* or d#sfunc* or deficit* or 
problem*)) or interference control or psychointellect* or intellect* or intelligen* or 
IQ or DQ or psycholinguist* or linguist*).tw,kf. 503983

41
(((language or learning or speech or reading or memory) adj3 (skill* or test* or scale* 
or scor* or task* or cognitiv*)) or verbal skill* or wording or naming or (numeric* 
adj3 memory) or 5-digit or digit-span or letter-digit).tw,kf. 118582
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# Searches Results

42

(Binet* or Wechsler* or WAIS or WASI* or WIAT* or WDD or WDR or WRR or WISC or 
(WISC* not Wisconsin*) or WPPSI* or WRIT or CANTAB or complex figure or RCF or 
RCOF or RCFOSS or GIT-2 or FSIQ or VIQ or PIQ or (assess* adj2 batter*) or ((mobile or 
assesment*) adj3 ABC) or m-ABC or mABC or kABC or CELF or (mental development 
adj3 (index or indic* or scor*)) or MDI or WJ-R or Ba?ley* or BSID* or NEPSY or Beery 
or Basic Concept Scale or BBCS* or CMS or continuous performance* or Serial 
Addition or PDI or RBMT or Stroop or CNT or PPVT* or Everyday Attention or TOMI 
or MPC or CNT or Trail Making or Brunet or LMT or LMTs or TMT or TMTs or TMTa or 
Achievement Test or WJ-SAT or WJ IV or WRAT* or sensory profil* or ITSP or SSP or 
SPNL or CBCL).tw,kf. 117713

43

(((female or male or women or men or males or ratio* or distribut* or proportion* 
or factor*) adj3 (sex or gender*)) or ((male or males) adj1 female*) or girls or boys 
or ((deliver* or parturit* or birth or born*) adj2 (girl* or boy* or femal* or male or 
males))).tw,kf. 327258

44
((testi* adj3 (cancer* or neoplas* or malignan* or tumo?r* or undescen* or descen*)) 
or cryptorch*).tw,kf. 35934

45
(congenit* or anomal* or malformat* or deformit* or d#smorph* or aplas* or 
d#splas* or hypoplas* or atres* or agenes*).tw,kf. 665896

46

((prenat* or pre-nat* or antenat* or ante-nat* or perinat or peri-nat* or birth or 
anatomic* or morphological* or isolated or chromosom* or nonchromosom* or 
cardiac or noncardiac or extracard* or cardio* or heart or outflow tract or OFT 
or conotrunc* or cono-trunc* or septal or septum or endocard* cushion* or 
atrioventric* or atrio-ventr* or AV or musc*skelet* or skelet* or bone or bones or 
osseous or spine or spinal or limb or limbs or extremit* or foot or feet or hand or 
hands or cranio* or orofacial or facial* or palat*2 or mouth or lip or lips or (digest* 
adj2 (system or tract*)) or GI or intestin* or duoden* or esophag* or oesophag* or 
trach*esophag* or abdominal or respirator* or pulmonar* or lung or diaphragm* or 
hemidiaphragm* or sex or sexual or genit* or urogenit* or kidney* or uret* or renal 
or bladder or neural-tube* or nervous system or CNS or brain) adj3 (abnormalit* or 
defect*1)).tw,kf. 204999

7
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Continued

# Searches Results

47

(Down* syndrome or CHD or Fallot* or Ebstein* or coarct* or (aort* adj1 arch*) or 
double outlet* or DORV or HLHS or HLV or HRHS or univentricular or uni-ventricular 
or single ventricle* or ((common arterial or arterios*) adj2 (trunk or truncus)) or VSD 
or (common adj3 (septum or septal) adj3 canal*) or AVSD or CAVC or scimitar* or 
TAPVC* or PAPVC* or encephaloc?el* or cephaloc?el* or meningoencephaloc?el* 
or notoencephaloc?ele or craniac?el* or ((cereb* or mening*) adj2 hernia*) or 
anencephal* or acrani* or aprosencephal* or ((spin* or cranium or crania) adj2 (bifid* 
or open)) or d#sraphi* or rachischis* or crani*-schis* or crani*schis* or myeloc?ele* 
or mening*myeloc?el* or hydrocephal* or hydro-cephal* or ventricul*-megal* or 
ventricul*megal* or holoprosencephal* or holo-prosencephal* or arhinencephal* 
or achondroplasi* or thanatophor* or osteochondrod#splas* or osteod#splast* 
or osteod#d#stroph* or chondrod#splas* or chondrod#stroph* or ((limb or limbs) 
adj2 reduct*) or talipes or clubfoot or club-foot or cleft or clefts or gastro?chis* or 
gastro-schis* or (umbilic* adj2 hernia*) or omphaloc?el* or exomphal* or ((cystic or 
polycyst* or multicyst*) adj2 (kidney* or (renal adj2 (diseas* or disorder*)))) or PKD 
or MCKD or megacystis or hydronephro* or Smith-Lemli-Opitz or micromelia or 
ectromeli* or (hydrops adj3 f?etalis) or hypospad* or hip dislocat*).tw,kf. 255421

48 or/7-47 [ perinatal and long term offspring outcomes ] 5838396

49 6 and 48 [ HG + perinatal and long term offspring outcome] 1214

50

(editorial or “systematic review”).pt. or (editorial or reply or (case-report not case-
report-survey) or two-cases or three-cases or four-cases or five-cases or 2-cases or 
3-cases or 4-cases or 5-cases).ti. or cochrane.jw. or ((review.pt. or case reports/ or 
case report*.jw. or (review or overview).ti. or (search* adj15 (literatur* or ((electronic* 
or medical or biomedical) adj3 database*) or medline or pubmed or embase or 
psyc?info or exhaustiv* or systematic*)).tw,kf,kw.) not (cohort studies/ or longitudinal 
studies/ or prospective studies/ or retrospective studies/ or cross-sectional studies/ 
or case-control studies/ or (case-control* or cohort* or retrospectiv* or prospectiv* 
or crosssection* or cross-section* or population-based or ((chart* or record* or 
retrospectiv*) adj3 review*)).tw,kf,kw.)) or (exp animals/ not exp humans/) or animal.
jw. or (rodent* or rabbit* or mice or mouse or murine or rat or rats or (animal* adj3 
(experiment* or model))).ti. [ filter for original human studies ] 10904951

51
49 not 50 [ HG + perinatal and long term offspring outcome - original 
human studies ] 711

52
remove duplicates from 51 [ HG + perinatal and long term offspring 
outcome -original human studies - duplicates removed ] 709
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Perinatal outcomes in hyperemesis gravidarum

Embase Classic+Embase <1947 to 2022 February 08>
Search 2022-02-09

# Searches Results

1 hyperemesis gravidarum/ 3315

2
((*”nausea and vomiting”/ or hyperemesis.dj. or (*vomiting/ and *nausea/)) and 
(pregnancy/ or pregnancy complication/ or prenatal period/ or prenatal exposure/)) 
or ((*vomiting/ or *nausea/) and (prenatal exposure/ or prenatal period/))

835

3
(hypereme* adj15 (pregnanc* or pregnant or gestat* or gravidi* or gravidar* or 
trimester* or maternal or prenat* or pre-nat* or antenat* or ante-nat* or intrauterine 
or intra-uterine or in-utero)).tw,kw.

2513

4
((pernicious* or serious* or sever* or excessiv*) adj2 (vomiting or nause*) adj9 
(gravidar* or gravidit* or gestat* or pregnanc* or pregnant or trimester*)).tw,kw.

432

5 (nausea adj2 vomit* adj3 pregnan*).tw,kw. 1185

6 or/1-5 [HG] 5046

7

apgar score/ or exp birth weight/ or crown rump length/ or cephalometry/ or exp 
fetus maturity/ or fetus outcome/ or fetus weight/ or live birth/ or exp perinatal 
morbidity/ or placenta weight/ or pregnancy outcome/ [“parameters concerning 
the fetus, newborn and pregnancy”]

281613

8 maternal exposure/ or prenatal exposure/ 29755

9

fetus/ or fetus brain/ or fetus heart/ or child/ or juvenile/ or exp infant/ or preschool 
child/ or school child/ or toddler/ or adolescence/ or adulthood/ or exp childhood/ 
or high school/ or kindergarten/ or middle school/ or primary school/ or pediatrics/ 
or progeny/ [fetus/child]

3614327

10
childhood mortality/ or embryo mortality/ or fetus mortality/ or infant mortality/ or 
exp perinatal mortality/ or prenatal mortality/ [child/fetus mortality]

71048

11

exp “immature and premature labor”/ or fetus disease/ or prenatal disorder/ or 
chorioamnionitis/ or dysmaturity/ or fetal malnutrition/ or fetus distress/ or fetus 
hypoxia/ or fetus malformation/ or exp hydramnios/ or exp intrauterine growth 
retardation/ or macrosomia/ or exp oligohydramnios/ or premature fetus membrane 
rupture/ or fetus wastage/ or spontaneous abortion/ or exp child death/ or embryo 
death/ or exp fetus death/ or perinatal death/ or placenta disorder/ or placenta 
insufficiency/ or solutio placentae/ or infant disease/ or newborn disease/ or 
dysmaturity/ or immaturity/ or large for gestational age/ or neonatal respiratory 
distress syndrome/ or neonatal stress/ or newborn apnea/ or newborn hypoxia/ or 
newborn infection/ or newborn sepsis/ or newborn vomiting/ or perinatal asphyxia/ 
or perinatal stress/ or prematurity/ or retrolental fibroplasia/ or newborn assessment/ 
or newborn intensive care/ or lung dysplasia/ or encephalomalacia/

462167

12

“growth, development and aging”/ or nerve cell differentiation/ or human 
development/ or adolescent development/ or language development/ or 
psychosocial development/ or speech development/ or exp postnatal development/ 
or prenatal development/ or embryo development/ or fetus development/ or fetal 
well being/ or fetus lung maturation/ or exp postnatal development/ or special 
education/ or exp sexual development/ or child behavior/ or neurobehavioral 
manifestations/ or neurodevelopment* outcome*.dq.

716008

7
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# Searches Results

13 adolescent health/ or child health/ 40253

14

behavior disorder/ or attention deficit disorder/ or congenital behavior disorder/ 
or exp disruptive behavior/ or oppositional defiant disorder/ or exp autism/ 
or exp tic/ or obsessive compulsive disorder/ or exp learning disorder/ or exp 
“disorders of higher cerebral function”/ or attention disturbance/ or developmental 
coordination disorder/ or exp intellectual impairment/ or language disability/ or exp 
developmental language disorder/ or developmental disorder/ or developmental 
delay/

1144031

15
behavior assessment/ or aptitude test/ or learning test/ or exp neuropsychological 
test/ or exp cognition assessment/ or developmental screening/

151368

16
“gender and sex”/ or gender/ or sex/ or sex difference/ or sex factor/ or sex ratio/ 
or exp sex determination/

854640

17 exp testis disease/ 80421

18 exp *congenital disorder/ or exp congenital disorder/et, ep 987614

19

congenital malformation/ or exp “head and neck malformation”/ or exp limb 
malformation/ or exp cardiovascular malformation/ or severe teratoid abnormality/ 
or exp nervous system malformation/ or exp digestive system malformation/ or exp 
male genital tract malformation/ or exp musculoskeletal system malformation/ or 
hydronephrosis/

811231

20 ((pregnancy or gestat*) adj outcom*).tw,kw. 41832

21
((perinat* or peri-nat* or birth*1 or childbirth* or deliver* or labo?r* or obstetric*) 
adj3 outcome*).tw,kw.

54107

22
((perinat* or peri-nat*) adj3 (complicat* or health or morbidit* or cancer* or 
malignan* or neoplas*)).tw,kw.

14553

23
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj18 expos*).tw,kw.

40025

24 (maternal adj2 expos*).tw,kw. 10597

25
((prenat* or pre-nat* or antenat* or ante-nat* or in-utero or intra-uterine or 
intrauterine) adj3 (factor* or variabl* or parameter* or circumstanc* or condition*)).
tw,kw.

8328

26
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj life).tw,kw.

3495

27
(DOHAD* or FOAD* or (early adj3 origin*)).tw,kw. or (development* adj3 origin* adj4 
(health* or diseas* or adult)).tw,kw,jw.

6669

28 (offspring* or progeny or (born adj2 mother*)).tw,kw. 144372

29

(f?etal or f?etus* or neonat* or neo-nat* or new*born* or new-born* or child or 
child*1 or children* or schoolchild* or childhood or infant* or infanc* or toddler* or 
prekindergarten* or kindergarten* or preschool* or school-age* or schoolage* or 
high-school* or highschool* or elementary school* or graders or puber* or teens 
or teenager* or youth or juvenil* or adolescence or adulthood or young adult* or 
adult life or older age* or “early life” or later-life or “later in life”).tw,kw. [ child filter ]

3642221

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   240160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   240 25-8-2022   20:10:5925-8-2022   20:10:59



241

Perinatal outcomes in hyperemesis gravidarum

Continued

# Searches Results

30

(((perinat* or peri-nat* or intrauterin* or intra-uterin* or in-utero or prenat* or pre-
nat* or antenat* or ante-nat*) adj3 (mortalit* or death* or demise)) or stillbirth* or 
stillborn* or asphyx* or miscarriag* or IUFD or (spontan* adj3 abort*) or ((embry* or 
pregnancy) adj2 loss*) or liveborn* or (live adj3 (birth* or born*))).tw,kw.

165191

31

(((intrauterin* or intra-uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-
nat*) adj3 (growth* or develop* or brain or movement*)) or ((intrauterin* or intra-
uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-nat*) adj12 growth adj2 
(restrict* or retard*)) or FGR* or IUGR* or SFGR* or SIUGR*).tw,kw.

45969

32 (placent* adj3 (insufficien* or d*sfunct* or inflammat* or abruptio*)).tw,kw. 14134

33

((PROM and ruptur* and (membran* or amnio*)) or PPROM* or EPPROM*1 or 
((prematur* or pre-matur* or i?matur* or preterm* or pre-term* or pre-labo?r or 
prelabo?r) adj6 ruptur* adj4 (amnio* or membran*)) or chorioamn* or amnionit* 
or intraamnio* or funisit*).tw,kw. or (((ruptur* adj2 (amnio* or membran*)) or ROM).
tw,kw. and (pregnan* or gestat* or gravidit* or trimester* or intrauterine* or intra-
uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-nat*).mp.)

21956

34
(prematurity or ((preterm* or pre-term* or prematur* or pre-matur*) adj3 (labo?r or 
deliver* or birth* or childbirth*)) or PTB or PTBs or TPTB* or SPTB* or VPTB* or EPTB* 
or PTL or TPTL* or PTD*).tw,kw.

128119

35
(((small* or large* or deliver* or labo?r* or birth or childbirth) adj4 gestat* adj2 (age 
or ages)) or (gestat* adj (“at birth” or “at deliver*”)) or birth age* or SGA or LGA).tw,kw.

52693

36

(((birth or births or childbirth* or born or parturit* or delivery or baby or babies 
or postnat* or post-nat* or perinat* or peri-nat* or intrauterine or intra-uterine 
or in-utero) adj2 (underweight* or weight* or overweight* or siz* or length*)) or 
birthweight* or LBW* or VLBW* or ELBW*).tw,kw.

124766

37

((((head or cephal* or body or arm or arms or leg*) adj4 (circumfer* or measur* or siz* 
or small* or larg*)) or cephalometr* or anthropometr* or body mass* or BMI) adj9 
(birth or births or childbirth* or parturit* or delivery or baby or babies or postnat* or 
post-nat* or perinat* or per-nat* or intrauterine or intra-uterine or in-utero)).tw,kw.

16774

38

(neurodevelop* or ((brain or neurol* or neural or sex* or grow*) adj2 develop*) or 
“ages and stages” or DDST or (developmental adj4 (outcome* or test* or quotient* 
or index or indices or scor* or scale*)) or ((behav* or neurocognit* or cognit* 
or neurobehav* or neuropsychomot* or psychomotor* or psycho-motor* or 
neuromotor* or neuro-motor* or sensor?motor* or sensory motor* or visuomotor or 
visual motor or neuro-sensory or neurosensory) adj3 (abilit* or outcom* or problem* 
or develop*)) or ((executive or motor) adj3 (function* or d#sfunc* or deficit* or 
problem*)) or interference control or psychointellect* or intellect* or intelligen* or 
IQ or DQ or psycholinguist* or linguist*).tw,kw.

660413

39
(((language or learning or speech or reading or memory) adj3 (skill* or test* or scale* 
or scor* or task* or cognitiv*)) or verbal skill* or wording or naming or (numeric* adj3 
memory) or 5-digit or digit-span or letter-digit).tw,kw.

155524

7
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# Searches Results

40

(Binet* or Wechsler* or WAIS or WASI* or WIAT* or WDD or WDR or WRR or WISC or 
(WISC* not Wisconsin*) or WPPSI* or WRIT or CANTAB or complex figure or RCF or 
RCOF or RCFOSS or GIT-2 or FSIQ or VIQ or PIQ or (assess* adj2 batter*) or ((mobile or 
assesment*) adj3 ABC) or m-ABC or mABC or kABC or CELF or (mental development 
adj3 (index or indic* or scor*)) or MDI or WJ-R or Ba?ley* or BSID* or NEPSY or Beery or 
Basic Concept Scale or BBCS* or CMS or continuous performance* or Serial Addition 
or PDI or RBMT or Stroop or CNT or PPVT* or Everyday Attention or TOMI or MPC or 
CNT or Trail Making or Brunet or LMT or LMTs or TMT or TMTs or TMTa or Achievement 
Test or WJ-SAT or WJ IV or WRAT* or sensory profil* or ITSP or SSP or SPNL or CBCL).
tw,kw.

158466

41

(((female or male or women or men or males or ratio* or distribut* or proportion* 
or factor*) adj3 (sex or gender*)) or ((male or males) adj1 female*) or girls or boys 
or ((deliver* or parturit* or birth or born*) adj2 (girl* or boy* or femal* or male or 
males))).tw,kw.

491736

42
((testi* adj3 (cancer* or neoplas* or malignan* or tumo?r* or undescen* or descen*)) 
or cryptorch*).tw,kw.

50388

43
(congenit* or anomal* or malformat* or deformit* or d#smorph* or aplas* or d#splas* 
or hypoplas* or atres* or agenes*).tw,kw.

923861

44

((prenat* or pre-nat* or antenat* or ante-nat* or perinat or peri-nat* or birth or 
anatomic* or morphological* or isolated or chromosom* or nonchromosom* or 
cardiac or noncardiac or extracard* or cardio* or heart or outflow tract or OFT 
or conotrunc* or cono-trunc* or septal or septum or endocard* cushion* or 
atrioventric* or atrio-ventr* or AV or musc*skelet* or skelet* or bone or bones or 
osseous or spine or spinal or limb or limbs or extremit* or foot or feet or hand or 
hands or cranio* or orofacial or facial* or palat*2 or mouth or lip or lips or (digest* 
adj2 (system or tract*)) or GI or intestin* or duoden* or esophag* or oesophag* or 
trach*esophag* or abdominal or respirator* or pulmonar* or lung or diaphragm* or 
hemidiaphragm* or sex or sexual or genit* or urogenit* or kidney* or uret* or renal 
or bladder or neural-tube* or nervous system or CNS or brain) adj3 (abnormalit* or 
defect*1)).tw,kw.

269192
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Continued

# Searches Results

45

(Down* syndrome or CHD or Fallot* or Ebstein* or coarct* or (aort* adj1 arch*) or 
double outlet* or DORV or HLHS or HLV or HRHS or univentricular or uni-ventricular 
or single ventricle* or ((common arterial or arterios*) adj2 (trunk or truncus)) or VSD 
or (common adj3 (septum or septal) adj3 canal*) or AVSD or CAVC or scimitar* or 
TAPVC* or PAPVC* or encephaloc?el* or cephaloc?el* or meningoencephaloc?el* 
or notoencephaloc?ele or craniac?el* or ((cereb* or mening*) adj2 hernia*) or 
anencephal* or acrani* or aprosencephal* or ((spin* or cranium or crania) adj2 (bifid* 
or open)) or d#sraphi* or rachischis* or crani*-schis* or crani*schis* or myeloc?ele* 
or mening*myeloc?el* or hydrocephal* or hydro-cephal* or ventricul*-megal* or 
ventricul*megal* or holoprosencephal* or holo-prosencephal* or arhinencephal* 
or achondroplasi* or thanatophor* or osteochondrod#splas* or osteod#splast* or 
osteod#d#stroph* or chondrod#splas* or chondrod#stroph* or ((limb or limbs) adj2 
reduct*) or talipes or clubfoot or club-foot or cleft or clefts or gastro?chis* or gastro-
schis* or (umbilic* adj2 hernia*) or omphaloc?el* or exomphal* or ((cystic or polycyst* 
or multicyst*) adj2 (kidney* or (renal adj2 (diseas* or disorder*)))) or PKD or MCKD or 
megacystis or hydronephro* or Smith-Lemli-Opitz or micromelia or ectromeli* or 
(hydrops adj3 f?etalis) or hypospad* or hip dislocat*).tw,kw.

354380

46 or/7-45 [ perinatal and long term offspring outcomes ] 8694421

47 6 and 46 [ HG + perinatal and long term offspring outcome] 2644

48

editorial/ or “systematic review”/ or (editorial or conference abstract or conference 
review).pt. or (editorial or reply or (case-report not case-report-survey) or two-
cases or three-cases or four-cases or five-cases or 2-cases or 3-cases or 4-cases 
or 5-cases).ti. or cochrane.jw. or ((review.pt. or review/ or case report/ or case 
report*.jw. or (review or overview).ti. or (search* adj15 (literatur* or ((electronic* 
or medical or biomedical) adj3 database*) or medline or pubmed or embase or 
psyc?info or exhaustiv* or systematic*)).tw,kw.) not (cohort analysis/ or longitudinal 
study/ or prospective study/ or retrospective study/ or exp case control study/ or 
cross-sectional study/ or (case-control* or cohort* or retrospectiv* or prospectiv* 
or crosssection* or cross-section* or population-based or ((chart* or record* or 
retrospectiv*) adj3 review*)).tw,kw.)) or ((exp animal/ or animal experiment/ or exp 
animal model/ or nonhuman/ or exp female animal/) not human/) or exp veterinary 
medicine/ or animal*.jw. or (rodent* or rabbit* or mice or mouse or murine or rat or 
rats or (animal* adj3 (experiment* or model))).ti. [ filter for original human studies ]

18100190

49
47 not 48 [ HG + perinatal and long term offspring outcome - original 
human studies ]

1270

50
Remove duplicates from 49 [ HG + perinatal and long term offspring 
outcome -original human studies - duplicates removed ]

1252

51
50 not medline.cr. [ HG + perinatal and long term offspring outcome - 
original human studies - duplicates removed - embase records only ]

1066

7
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Appendix C. Funnel plots

C.1 Funnel plot Apgar score <7 at 5 minutes

C.2 Funnel plot birth weight in grams
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C.3 Funnel plot birth weight <2500 grams

C.4 Funnel plot small for gestational age
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C.5 Funnel plot congenital anomalies

C.6 Funnel plot fetal sex
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Perinatal outcomes in hyperemesis gravidarum

C.7 Funnel plot prematurity <37 weeks
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Appendix D. Overview of results of included studies reporting on 
Apgar score, asphyxia and pH

Study HG-exposed/
total sample size

HG-exposed
Mean ± SD; 

Frequencies (%)

Non-exposed
Mean ± SD; 

Frequencies (%)

P

Apgar <7 at 1 minute
Agmon* Total:89/180 9 (10.1%)

5 (5.6%)
0.256

Mild HG: 46/137 4 (8.7%) not shown
Severe HG: 43/ 134 5 (11.6%) not shown

Caltekin 52/112 3 (5.8%) 4 (6.7%) 0.845
Coetzee 62/202 7 (11.3%)

14 (10%)
not 

significant
Vikanes 814/71,468 26 (3.2%) 3,527 (5.0%) significant

Apgar <7 at 5 minutes
Agmon* Total:89/180 2 (2.2%) 1 (1.1%) 0.5

Mild HG: 46/137 0 (0%) not shown
Severe HG: 43/ 134 2 (4.7%) not shown

Caltekin 52/112 1 (1.9%) 2 (3.3%) 0.641
Coetzee 62/202 1 (1.6%) 2 (1.4%) not 

significant
Dodds Total: 1,270/156,091 19 (1.5%) 1,898 (1.2%) not 

significant
1-2 admissions for HG: 
1,182/155,903

18 (1.5%) not 
significant

3+ admissions for HG: 
88/154,909

1 (1.2%) not 
significant

Weight gain ≥ 7kg: 
885/128,720

5 (0.6%) 1,471 (1.2%) not 
significant

Weight gain < 7kg: 
144/127,979

8 (5.6%) significant

Gunay 186/386 5 (2.7%) 5 (2.5%) not 
significant

Hallak** Total: 138/12,473 3 (2.2%) 259 (2.1%) not shown
Mild HG: 40/12,375 2 (5%) not 

significant
Severe HG: 98/12,433 1 (1.0%) not 

significant
Koot 62/8,953 1 (1.6%) 116 (1.3%) 0.86
Kuru 72/161 1 (1.4%) 3 (3.4%) not 

significant
Peled 2014 Total: 599/2,396 4 (0.7%) 0 (0%) <0.001

No TPN: 422/2,219 3 (0.7%) not shown
TPN: 122/1,919 1 (0.6%) not shown

Roseboom 2,186/1,193,705 50 (2.3%) 28,596 (2.4%) 0.77
Vandraas 20,004/2,266,345 199 (1.0%) 19,421 (0.9%) 0.715
Vikanes 814/71,468 10 (1.2%) 838 (1.2%) not 

significant
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Continued

Study HG-exposed/
total sample size

HG-exposed
Mean ± SD; 

Frequencies (%)

Non-exposed
Mean ± SD; 

Frequencies (%)

P

Apgar score at 1 minute
Tsang 193/13,053 7.5 7.5 not 

significant
Vlachodimitropoulou 208/416 9 9 not 

significant
Apgar score at 5 minutes

Koudijs*** Total: 400/2,238
Mild HG: 354/2,192

9 ±0
9 ±0

9 ±0 Not shown
0.24

Severe HG: 46/1,884 9 ±0 0.67
Tsang 193/13,053 8.5 8.5 not 

significant
Vlachodimitropoulou 208/416 9 9 not 

significant
pH at birth

Agmon* Total: 89/180 7.3 ±0.95 7.29 ±0.92 0.23
Mild HG: 46/137 7.31 ±0.10 not shown
Severe HG: 43/137 7.30 ±0.89 not shown

Asphyxia
Chin 1989**** Mild asphyxia: 5/366 0 (0%) 9 (2.5%) not shown

Severe asphyxia: 5/366 0 (0%) 1 (0.3%) not shown
* Severe HG: ≥2 of the following: (1) ≥3 hospitalizations in the first half of pregnancy, (2) elevated liver enzymes, (3) Abnormal 
levels of sodium or potassium, (4) weight gain < 7 kg or (5) ketonuria
** Severe HG: presence of ≥1 of the following: ketonuria, increased BUN and hematocrit or abnormal electrolytes
*** Severe HG: >5% weight loss compared to pre pregnancy weight
**** Mild asphyxia: Apgar 4-6, severe asphyxia: Apgar <4
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Appendix F. Sensitivity analysis birth weight

F.1 Sensitivity analysis birth weight only cohort studies

F.2 Sensitivity analysis birth weight only European studies

F.3 Sensitivity analysis birth weight <2500 grams only cohort studies

F.4 Sensitivity analysis birth weight <2500 grams only case-control studies

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   258160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   258 25-8-2022   20:11:0025-8-2022   20:11:00



259

Perinatal outcomes in hyperemesis gravidarum

F.5 Sensitivity analysis birth weight <2500 grams only European studies

F.6 Sensitivity analysis small for gestational age only cohort studies

F.7 Sensitivity analysis small for gestational age only European studies

F.8 Sensitivity analysis large for gestational age only cohort studies
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Appendix H. Sensitivity analysis congenital anomalies

H.1 Sensitivity analysis congenital anomalies only cohort studies

H.2 Sensitivity analysis congenital anomalies only case-control studies

H.3 Sensitivity analysis congenital anomalies only European studies
7
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Appendix I. Overview of results of included studies reporting on 
fetal sex

Study HG exposed/total sample 
size

HG-exposed 
Female 

Frequencies (%)

Non-exposed 
Female

Frequencies (%)

P

Askling Total: 8,186/ 1,035,399 4,426 (54%) 499,496 (48.6%) not shown
1st trimester: 5,926/1,033,139 3,299 (55.7%) <0.000001
2nd and 3rd trimester: 
2,260/1,029473

1,127 (49.9%) >0.21

Bashiri 164/373 83 (50.6%) 105 (50.2%) not 
significant

Basso Total:6,227/83,946 3,337 (53.6%) 38,138 (49.1%) not shown
Only singleton: 5,941/81,831 3,179 (53.5%) 37,216 (49.0%) not shown
Only twins: 286/2,114 158 (55.2%) 921 (50.4%) not shown

Bayraktar
95/947 49 (51.6%) 416 (48.8%) Not 

significant
Caltekin 52/112 31 (59.6%) 29 (48.3%) 0.315
Coetzee 70/210 29 (41.4%) 61 (43.6%) not 

significant
DelMar Total 4,126/131,773 2,153 (52.2%) 62,234 (48.8%) not shown

1st trimester: 3,249 1,739 (53.5%) not shown
2nd and 3rd trimester: 877/ 
128,524

414 (47.2%) not shown

Not hospitalized 1st trimester: 
2,642/130,289

1,413 (53.5%) not shown

Hospitalized 1st trimester: 
607/128,254

326 (53.7%) not shown

Dodds 1,270/156,088 692 (54.5%) 75,506 (48.8%) not shown
Fejzo 2013 254/562 147(57.9%) 145 (47.2%) 0.0138
Fejzo 2015 312/481 171 (54.8%) 87 (51.5%) 0.71
Fiaschi Total: 110,956/7,683,176 60,725 (54.7%) 3.814.614 (49.6%) not shown

1 admission: 78,601/7,761,777 42,613 (54.2%) not shown
Readmission: 32,355/7,715,531 18,112 (56.0%) not shown

Getahun 14,526/469,789 7,592 (52.3%) 221,856 (48.7%) <0.001133
Gu 232/779 104 (44.8%) 251 (45.9%) not shown
Gunay 186/386 99 (53.2%) 97 (48.5%) 0.361
Hastoy 197/589 121 (61.4%) 194 (49.5%) 0.01
Hsu 66/20,864 44 (66.7%) 10,145 (48.8%) <0.01
Koot 62/8,953 33(53.2%) 4,303 (48.4%) 0.44
Koudijs * Total:323/1,738 155 (48.0%) 651 (46%) not shown

Mild HG: 286/1,701 133 (46.5%) not shown
Severe HG: 37/1,452 22 (59.5%) not shown

Kruse 267/10,255 139 (52.1%) 4,916 (49.2%) not shown
Kuru 72/161 44 (61.1%) 45 (50.6%) 0.16
Mitsuda 2019 Total: 10,299/26,261 5,590 (54.3%) 7,211 (45.2%) <0.01

Only singleton: 10,019/25,733 5,422 (54.1%) 7,104 (45.2%) not shown
Only twins:280/528 168 (60%) 107 (43.1%) not shown
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Continued

Study HG exposed/total sample 
size

HG-exposed 
Female 

Frequencies (%)

Non-exposed 
Female

Frequencies (%)

P

Nurmi Total: 9,549/732,974 5,161 (54%) 353,331 (48.8%) significant
Only singleton: 9,244/722,381 4,978 (53.9%) 348,249 (48.8%) significant

Ong Total: 190/486 112 (58.9%) 139 (58.2%) not shown
Severe vomiting with 
hospitalization: 67/363

39 (58.2%) not shown

Severe vomiting: 123/419 73 (59.3%) not shown
Ozay 46/100 24 (52.2%) 28 (51.9%) 0.18
Paauw 45/351 24 (53.3%) 156 (51%) not 

significant
Peled 2014 Total: 599/2,396 309 (51.6%) 843 (46.9%) 0.05

TPN: 122/1,919 100 (56.5%) not shown
R68ashid 184/9,955 103 (56%) 4,739 (48.5%) <0.01
Roseboom 2,190/ 1,199,218 1,176 (53.7%) 548,150 (48.8%) <0.0001
Schiff ** Total: 3,261/13,044 1,817 (55.7%) 4,717 (48.2%) not shown

1st trimester: 2,110/11,893 1,214 (57.5%) significant
2nd trimester: 1,053/10,836 554 (52.6%) significant
3rd trimester: 98/9,881 49 (50%) not 

significant
Mild HG: 684/10,467 400 (58.5%) significant
Severe HG: 1,426/11,209 814 (57.1%) significant
1-2 admissions: 1,906/11,689 1,099 (57.7%) significant
3+ admissions: 204/9,987 115 (56.4%) not 

significant
1-2 days hospitalized: 
1,271/11,054

693 (54.5%) significant

3+ days hospitalized: 
839/10,622

521 (62.1%) significant

Sorenson 650/47,931 348 (53.5%) 23,026 (48.7%) 0.018
Tan 2006 166/4,927 100 (60.2%) 2,311 (48.5%) 0.004
Tsang 193/13,053 102 (52.8%) 6,430 (50%) not 

significant
Vlachodimitropoulou 208/416 103 (49.5%) 110 (52.9%) not 

significant
Vilming 120/235 68 (56.6%) 51 (44.3%) not shown
Wang USA: 1,496/10,710 739 (49.4%) 4,856 (52.7%) 0.018

Denmark: 21,282/2,092,897 11,580 (54.4%) 1,006,787 
(48.6%)

not shown

Zhang 1991 201/1,867 109 (54.2%) 811 (48.7%) not 
significant

* Severe HG:>5% weight loss compared to pre pregnancy weight
** Severe HG: hospitalized ≥3 times or admitted with a metabolic disturbance or hospitalized for ≥3 days

7
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Appendix J. Sensitivity analysis fetal sex

J.1 Sensitivity analysis fetal sex only cohort studies

J.2 Sensitivity analysis fetal sex only case-control studies
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J.3 Sensitivity analysis fetal sex only European studies

7
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Appendix K. Overview of results of included studies reporting on ges-
tational age at delivery

Study HG exposed/total 
sample size

HG-exposed
Mean ± SD; 

Median (IQR); 
Frequencies (%)

Non-exposed
Mean ± SD; 

Median (IQR); 
Frequencies (%)

P Comment

Agmon* Total: 89/180 38.83 ±2.26 39.11 ±2.61 0.44
Mild HG: 46/137 39.06 ±1.55 not shown
Severe HG: 43/134 38.59 ±2.82 not shown

Bailit Singleton: 
2,270/488,505

39 39.2 <0.0001 No SD 
available

Multiple: 163/13,891 35.6 35.8 0.32
Bashiri 164/373 38.8 39.1 not 

significant
No SD 
available

Caltekin 52/112 38 (34-42) 39 (35-42) <0.001 No SD 
available

Chin 1988** Mild HG: 26/8,828 39.2 ±1.5 39.4 ±1.9 not shown Total 
group not 
available

Severe HG: 46/8,848 38.9 ±2.4 not shown

Chin 1989 5/366 39.4 ±0.8 38.9 ±3.3 not shown
Coetzee All: 70/210 40.1 (35.7-41.9) 39.7 (31.6-43.1) 0.72 No SD 

availableSpontaneous birth: 
50/129

40.2 (35.7-41.6) 39.9 (31.6-41.7) 0.56

Born at term: 67/197 40.1 (37.1-41.9) 39.9 (37.3-42.4) 0.84
Grooten 601/5,549 40 (39-40.9) 40.1 (39.1-41) not shown No SD 

available
Gunay 186/386 38.6 (37.6-40) 39 (37.5-40.05) 0.927 No SD 

available
Hallak*** Mild HG: 40/12,375 39.0 ±3.4 38.9 ±2.5 not shown

Severe HG: 98/12,433 39.0 ±2.4 not shown
Kidess 65/130 39.9 ±0.31 40.2 ±0.2 not shown
Koudijs**** Mild HG: 354/2,192 39.3 ±1.9 39.1 ±2.4 0.24

Severe HG: 46/1,884 39.4 ±2.7 0.67
Kuru 72/161 38.1 ±2.3 38.1 ±2.6 0.91
Mitsuda 2018 10,518/27,114 39.4 (37.0-41.3) 39.4 (36.9-41.3) not shown No SD 

available
Muraoka 34/103 39.0 ±1.1 39.0 ±1.0 0.13
Ong Severe vomiting 

with hospitalization: 
67/363

38 (37-39) 39 (38-39) significant Total 
group not 
available
No SD 
available

Severe vomiting: 
123/419

38 (37-39) not 
significant

Ozay 46/100 39.1 ±2.2 38.9 ±2.4 0.79
Paauw 45/351 38.4 ±0.3 39.7 ±0.1 <0.05
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Continued

Study HG exposed/total 
sample size

HG-exposed
Mean ± SD; 

Median (IQR); 
Frequencies (%)

Non-exposed
Mean ± SD; 

Median (IQR); 
Frequencies (%)

P Comment

Peled 2014 Total: 599/2,396 38.3 ±2.6 39.1 ±2.0 <0.001
No TPN: 422/2,219 38.2 ±2.8 not shown
TPN: 122/1,919 38.7 ±2.1 not shown

Salunkhe 76/1,035 38.1 ±2.1 37.8 ±2.4 not shown
Tsang 193/13,053 38 38 not 

significant
No SD 
available

Vandraas 20,004/2,266,345 39.8 40 not 
significant

No SD 
available

Vikanes Total: 814/71,468 39.7 40 significant No SD 
availableHG 1st trimester: 

484/71,138
39.7 significant

HG 2nd trimester: 
173/70,827

39.7 significant

HG 1st and 2nd 
trimester: 114/70,768

39.6 significant

Vlachodimitropoulou 208/416 39 (38-40) 39 (38-40) not 
significant

No SD 
available

Vilming 120/235 39 (20-42) 39.5 (28-43) >0.05 No SD 
available

* Severe HG: ≥2 of the following: (1) ≥3 hospitalizations in the first half of pregnancy, (2) elevated liver enzymes, (3) Abnormal levels of 
sodium or potassium, (4) weight gain < 7 kg or (5) ketonuria
** Severe HG: ≥1 of the following: heavy ketonuria (>3+). increase in urea and creatinine concentrations. serum electrolyte disturbance. 
increase in hematocrit (> 0.43)
*** Severe HG: ketonuria, increased BUN and hematocrit, and/or abnormal electrolytes
**** Severe HG:>5% weight loss compared to pre pregnancy weight
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Appendix L. Overview of results of included studies reporting on 
preterm birth

Study HG-exposed/
total sample size

HG-exposed
Frequencies 

(%)

Non-exposed
Frequencies (%)

P

<37 weeks
Agmon * Total: 89/180 8 (9%) 9 (9.9%) 0.836

Mild HG: 46/137 4 (8.7%) not shown
Severe HG: 43/134 4 (9.3% not shown

Chin 1989 5/366 0 (0%) 17 (4.8%) not shown
Coetzee All: 70/210 3 (4.3% 9 (6.4%) not 

significant
Spontaneous births: 50/129 2 (4%) 2 (2.5%) not 

significant
Dodds All: 1,270/156,091 82 (6.5%) 8,233 (5.4%) not shown

1-2 admissions: 1,182/155,903 75 (6.4%) not shown
3+ admissions: 88/154,909 7 (8%) not shown
Weight gain ≥ 7kg: 885/128,720 36 (4.1%) 6,134 (4.9%) not 

significant
Weight gain < 7kg: 144/127,979 20 (13.9%) significant

Fejzo 2013 254/562 39 (15.4%) 13(4.2%) <0.0001
Fejzo 2015 312/481 42 (13.5%) 12 (7.1%) 0.05019
Fiaschi Total: 70,265/ 4,757,713 4,885 (6.9%) 265,847 (5.7%) not shown

1 admission: 49,580/4,737,028 3,357 (6.8%) not shown
Readmission: 20,685/4,708,133 1,528 (7.4%) not shown

Getahun 14,526/469,789 1,223 (8.4%) 33,133 (7.3%) <0.001
Gunay 186/386 15 (8.1%) 22 (11%) 0.388
Hallak ** Total: 138/12,473 18 (13.0%) 1,320 (10.7%) not shown

Mild HG: 40/12,375 7 (17.5%) not 
significant

Severe HG: 98/12,433 11 (11.2%) not 
significant

Hastoy Total:197/589 29 (14.7%) 44 (11.2%) 0.22
Weight gain>7kg: 137/529 18 (13.1%) not 

significant
Weight gain <7kg: 60/452 11 (18.3%) not 

significant
Kidess 65/130 7 (10.8%) 0 (0%) not shown
Klebanoff 188/3,469 31 (16.5%) 397 (12.1%) not 

significant
Koot 62/8,953 1 (1.6%) 436 (4.9%) 0.23
Kuru 72/161 8 (11.1%) 12 (13.5%) 0.65
Mitsuda 2018 10,495/27,042 454 (4.3%) 853 (5.2%) not shown
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Perinatal outcomes in hyperemesis gravidarum

Continued
Study HG-exposed/

total sample size
HG-exposed
Frequencies 

(%)

Non-exposed
Frequencies (%)

P

Ong Total: 190/486 22 (11.6%) 17 (5.7%) not shown
S evere  vomit ing wi th 
hospitalization: 67/363

7 (10.5%) not 
significant

Severe vomiting: 123/419 15 (12.2%) <0.05
Ozay 46/100 2 (4.3%) 3 (5.6%) 0.33
Paauw 45/351 14 (31.1%) 15 (4.9%) <0.05
Peled 2014 Total: 599/2,396 65 (10.9%) 108 (6.0%) <0.001

No TPN: 422/2,219 54 (12.8%) not shown
TPN: 122/1,919 11 (6.2%) not shown

Roseboom 2,190/1,199,218 166 (7.6%) 68,231 (5.7%) <0.0001
Salunkhe 76/1,035 11 (14.5%) 189 (19.7%) not shown
Schiff 1,784/9,875 132 (7.4%) 445 (5.5%) 0.002
Tan 2007 166/664 8 (4.8%) 36 (7.2%) 0.37
Tsang 193/13,407 44 (23%) 2,829 (22%) not 

significant
Vandraas 20,004/2,266,345 1,159 (5.8%) 123,349 (5.5%) 0.07
Vikanes 814/71,468 43 (5.3%) 3,114 (4.4%) not 

significant
Vlachodimitropoulou 208/416 7 (3.4%) 9 (4.3%) not 

significant
Wang Denmark: 20,661/2,015,063 1,088 (5.3%) 95,375 (4.8%) not shown
Zhang 1991 201/1,867 9 (4.5%) 72 (4.3%) not 

significant
<34 weeks

Ong Total: 190/486 1 (0.5%) 3 (1.0%) not shown
S evere  vomit ing wi th 
hospitalization: 67/363

1 (1.5%) not shown

Severe vomiting: 123/419 0 (0%) not shown
Peled 2014 Total: 599/2,396 28 (4.7%) 29 (1.6%) <0.001

No TPN: 422/2,219 25 (5.9%) not shown
TPN: 122/1,919 3 (1.7%) not shown

<32 weeks
Fiaschi Total: 70,265/ 4,757,713 602 (0.9%) 30,285 (0.6%) not shown

1 admission: 49,580/4,737,028 431 (0.9%) significant
Readmission: 20,685/4,708,133 171 (0.8%) not 

significant
Mitsuda 2018 10,495/27,042 31 (0.3%) 110 (0.7%) not shown
Vandraas 20,004/2,266,345 148 (0.7%) 20,830 (0.9%) 0.002

<28 weeks
Mitsuda 2018 10,495/27,042 6 (0.1%) 16 (0.1%) 0.27

* Severe HG: ≥2 of the following: (1) ≥3 hospitalizations in the first half of pregnancy, (2) elevated liver enzymes, (3) Abnormal 
levels of sodium or potassium, (4) weight gain < 7 kg or (5) ketonuria
** Severe HG: ketonuria, increased BUN and hematocrit, and/or abnormal electrolytes
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Appendix M. Sensitivity analysis preterm birth

M.1 Sensitivity analysis preterm birth <37 weeks only cohort studies

M.2 Sensitivity analysis preterm birth <37 weeks only case-control studies

M.3 Sensitivity analysis preterm birth <37 weeks only European studies
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Appendix O. Overview of results of included studies reporting on 
multiple gestations

Study HG-exposed/
total sample size

HG-exposed
Frequencies (%)

Non-exposed
Frequencies (%)

P

Bailit 2,400/520,706 161 (6.7%) 13,994 (2.7%) <0.001

Bashiri 164/373 14 (8.5%) 9 (4.3%) not shown

Basso 6,048/82,852 143 (2.4%) 914 (1.2%) not shown

Fiaschi Total: 117,759/8,177,443 3,442 (2.9%) 126,696 (1.6%) not shown

Total 1 admission: 
83,366/8,143,050

2,279 (2.7%) not shown

Total readmission: 
34,393/8,094,077

1,163 (3.4%) not shown

Total only twins: 
117,759/8,177,443

3,286 (2.8%) 121,083 (1.5%) not shown

1 admission only twins: 
83,366/8,143,050

2,184 (2.6%) not shown

Readmission only twins: 
34,393/8,094,077

1,102 (3.2%) not shown

Total triplets or more: 
117,759/8,177,443

156 (0.1%) 5,613 (0.1%) not shown

1 admission triplets or more: 
83,366/8,143,050

95 (0.1%) not shown

Readmission triplets or 
more: 34,393/8,094,077

61 (0.2%) not shown

Grooten 601/5,549 6 (10%) 54 (10.9%) not shown

Koudijs * Total: 400/1,821 1 (0.3%) 27 (1.9%) not shown

Mild HG: 354/1,775 1 (0.4%) not shown

Severe HG: 46/1,467 0 (0%) not shown

Mitsuda 2019 10,159/25,997 140 (1.4%) 124 (0.8%) not shown

Nurmi 9,549/733,002 305 (3.2%) 10,290 (1.4%) not shown

Tsang 193/13,053 14 (7.3%) 547 (4.3%) not shown

* Severe HG: >5% weight loss compared to pre pregnancy weight
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Appendix P. Sensitivity analysis multiple gestations

P.1 Sensitivity analysis multiple gestations only cohort studies

P.2 Sensitivity analysis multiple gestations only European studies
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Appendix Q. Overview of results of included studies reporting on 
postpartum neonatal complications

Study HG-exposed/
total sample size

HG-exposed
Frequencies 

(%)

Non-exposed
Frequencies (%)

P

Respiratory distress syndrome

Peled 2014 Total: 599/2,396 16 (2.7%) 22 (1.2%) 0.01

No TPN: 422/2,219 13 (3.1%) not shown

TPN: 122/1,919 3 (1.7%) not shown

Necrotizing enterocolitis

Peled 2014 Total: 599/2,396 3 (0.5%) 9 (0.5%) 0.9

No TPN: 422/2,219 3 (0.7%) not shown

TPN: 122/1,919 0 (0%) not shown

Jaundice requiring phototherapy

Peled 2014 Total: 599/2,396 28 (4.7%) 59 3.3%) 0.1

No TPN: 422/2,219 22 (5.2%) not shown

TPN: 122/1,919 6 (3.4%) not shown

Hypoglycemia

Peled 2014 Total: 599/2,396 12 (2.0%) 23 (1.3%) 0.2

No TPN: 422/2,219 7 (1.7%) not shown

TPN: 122/1,919 5 (2.8%) not shown

Resuscitation

Coetzee 62/199 7 (11.3%) 9 (6.6%) not 
sinificant

Fiaschi Total: 61,578/4,289,145 7,751 (12.6%) 499,579 (11.8%) not shown

Total 1 admission: 43,461/4,271,028 5,507 (12.7%) not shown

Total readmission: 18,117/4,245,684 2,244 (12.4%) not shown
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Appendix R. Overview of results of included studies reporting on 
NICU admission and length of stay in hospital

Study HG-exposed/
total sample size

HG-exposed
Mean ± SD; 

Frequencies (%)

Non-exposed
Mean ± SD; 

Frequencies (%)

P

NICU admission

Coetzee 57/194 3 (5.3%) 16 (11.7%) not 
significant

Fiaschi Total: 75,501/5,300,097 1,550 (2.1%) 90,491 (1.7%) not shown

1 admission HG: 53,547/5,278,143 1,105 (2.1%) not shown

Readmission HG: 21,954/5,246,550 445 (2.0%) not shown

Hallak* Total: 138/12,473 8 (5.8%) 974 (7.9%) not shown

Mild HG: 40/12,375 4 (10%) not 
significant

Severe HG: 98/12,433 4 (4.1%) not 
significant

Ong Total: 190/486 10 (5.3%) 14 (4.8%) not shown

Severe vomiting with 
hospitalization: 67/363

8 (11.9%) not shown

Severe vomiting with 
hospitalization+ term birth: 60/339

5 (8.3%) 8 (2.9%) not shown

Severe vomiting with 
hospitalization+ preterm birth: 7/24

3 (42.9%) 6 (35.3%) not shown

Severe vomiting: 123/419 2 (1.6%) 14 (4.8%) not shown

Severe vomiting+ term birth: 
108/387

1 (0.9%) 8 (2.9%) not shown

Severe vomiting+ preterm birth: 
15/32

1 (6.7%) 6 (35.3%) not shown

Paauw 45/351 5 (11.4%) 18 (6.0%) not 
significant

Peled 2014 Total: 599/2,396 43 (7.2%) 45 (2.5%) <0.001

No TPN: 422/2,219 37 (8.8%) not shown

TPN: 122/1,919 6 (3.4%) not shown

Roseboom 2,186/1,193,705 26 (1.2%) 10,724 (0.9%) 0.2

Length of stay in hospital

Paauw 45/351 2.9 ±0.5 1.8 ±0.1 <0.05

* Severe HG: ketonuria, increased BUN and hematocrit, and/or abnormal electrolytes 
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Appendix S. Overview of results of included studies reporting on 
newborn measurements

Study HG-exposed/
total sample size

HG-exposed
Mean ± SD;

Median (IQR);
Frequencies (%)

Non-exposed
Mean ± SD;

Median (IQR);
Frequencies (%)

P

Crown-heel length (cm)

Coetzee All: 61/198 51 (45-56) 52 (37-58) not significant

Born at term: 67/197 52 (45-56) 52 (45.5-58) not significant

Kidess 56/130 49.3 ±0.8 49.9 ±0.8 not shown

Head circumference (cm)

Coetzee All: 61/198 34.5 (30.2-38) 35.5 (26.5-39) not significant

Born at term: 58/185 34.8 (30.2-38) 35.5 (31-39) 0.02

Kidess 56/130 34.4 ±0.2 34.4 ±0.2 not shown

Biparietale diameter (cm)

Kidess 65/130 9.3 ±0.1 9.2 ±0.1 not shown

Head circumference is small for gestational age

Coetzee All: 61/198 10 (16.4 %) 11 (8%) not significant

Born at term: 58/185 10 (17.2%) 10 (7.9%) not significant

Head circumference is large for gestational age

Coetzee All: 61/198 12 (19.7%) 31 (22.7%) not significant

Born at term: 58/185 11 (19%) 31 (24.4%) not significant
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Appendix T. Overview of results of included studies reporting on 
placental abruption

Study HG-exposed/
total sample size

HG-exposed
Frequencies 

(%)

Non-exposed
Frequencies 

(%)

P

Agmon * Total: 89/180 1 (1.1%) 0 (0%) 0.494

Mild HG: 46/137 0 (0%) not shown

Severe HG: 43/ 134 1 (2.3%) not shown

Bolin Total: 12,270/1,155,033 64 (0.5%) 4,652 (0.4%) significant

HG 1st trimester: 10,186 /1,152,949 42 (0.4%) not 
significant

HG 2nd trimester: 2084/1,144,847 22 (1.1%) significant

Chin 1989 5/366 0 (0%) 1 (0.6%) not shown

Fiaschi Total: 118,197/ 8,211,850 486 (0.4%) 29,562 (0.4%) not shown

1 admission: 83,679/8,177,332 340 (0.4%) not 
significant

Readmission: 34,518/8,128,171 146 (0.4%) not 
significant

Gunay 186/386 2 (1.1%) 1 (0.5%) not shown

Peled 2014 Total: 599/2,396 11 (1.8%) 20 (1.1%) 0.2

No TPN: 422/2,219 9 (2.1%) not shown

TPN: 122/1,919 2 (1.1%) not shown

* Severe HG: ≥2 of the following: (1) ≥3 hospitalisations in the first half of pregnancy, (2) elevated liver enzymes, (3) Abnormal 
levels of sodium or potassium, (4) weight gain < 7 kg or (5) ketonuria
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Appendix U. Subgroup analysis studies performed after 2001

U.1 Subgroup analysis studies performed after 2001 – Apgar <7 at 1 minute

U.2 Subgroup analysis studies performed after 2001 – Apgar score <7 at 5 minutes

U.3 Subgroup analysis studies performed before 2001 – Apgar score <7 at 5 minutes

U.4 Subgroup analysis studies performed after 2001 – Birth weight
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U.5 Subgroup analysis studies performed before 2001 – Birth weight

U.6 Subgroup analysis studies performed after 2001 – Birth weight <2500 grams

U.7 Subgroup analysis studies performed before 2001 – Birth weight <2500 grams
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U.8 Subgroup analysis studies performed after 2001 – Small for gestational age

U.9 Subgroup analysis studies performed before 2001 – Small for gestational age

U.10 Subgroup analysis studies performed after 2001 – Large for gestational age

U.11 Subgroup analysis studies performed before 2001 – Large for gestational age
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U.12 Subgroup analysis studies performed after 2001 – Congenital anomalies

U.13 Subgroup analysis studies performed before 2001 – Congenital anomalies

U.14 Subgroup analysis studies performed after 2001 – Fetal sex
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U.15 Subgroup analysis studies performed before 2001 – Fetal sex

U.16 Subgroup analysis studies performed after 2001 – Gestational age at delivery

U.17 Subgroup analysis studies performed before 2001 – Gestational age at delivery 

U.18 Subgroup analysis studies performed after 2001 – Fetal loss or fetal death
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U.19 Subgroup analysis studies performed before 2001 – Fetal loss or fetal death

U.20 Subgroup analysis studies performed after 2001 – Stillbirth

U.21 Subgroup analysis studies performed before 2001 – Stillbirth
 

U.22 Subgroup analysis studies performed after 2001 – Perinatal death
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U.23 Subgroup analysis studies performed before 2001 – Perinatal death

U.24 Subgroup analysis studies performed after 2001 – Multiple gestations

U.25 Subgroup analysis studies performed before 2001 – Multiple gestations
 

U.26 Subgroup analysis studies performed after 2001 – NICU admission
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U.27 Subgroup analysis studies performed before 2001 – NICU admission

U.28 Subgroup analysis studies performed after 2001 – Placental abruption

U.29 Subgroup analysis studies performed before 2001 – Placental abruption

U.30 Subgroup analysis studies performed after 2001 – Preterm birth <37 weeks
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U.31 Subgroup analysis studies performed before 2001 – Preterm birth <37 weeks
 

U.32 Subgroup analysis studies performed after 2001 – Preterm birth <32 weeks
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Appendix V. Subgroup analysis hospitalization

V.1 Subgroup analysis hospitalization – Apgar <7 at 1 minute

V.2 Subgroup analysis hospitalization – Apgar score <7 at 5 minutes

V.3 Subgroup analysis hospitalization – Birth weight

V.4 Subgroup analysis hospitalization – Birth weight <2500 grams
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V.5 Subgroup analysis hospitalization – Small for gestational age

V.6 Subgroup analysis hospitalization – Large for gestational age

V.7 Subgroup analysis hospitalization – Congenital anomalies
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V.8 Subgroup analysis hospitalization – Fetal sex

V.9 Subgroup analysis hospitalization – Gestational age at delivery

V.10 Subgroup analysis hospitalization – Stillbirth
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V.11 Subgroup analysis hospitalization – Perinatal death

V.12 Subgroup analysis hospitalization – Neonatal death

V.13 Subgroup analysis hospitalization – Multiple gestations

V.14 Subgroup analysis hospitalization – NICU admission

V.15 Subgroup analysis hospitalization – Placental abruption
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V.16 Subgroup analysis hospitalization – Prematurity <37 weeks
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Appendix W. Subgroup analysis severity of HG

W.1 Subgroup analysis severity of HG – Birth weight – Mild HG compared with no HG

W.2 Subgroup analysis severity of HG – Birth weight <2500 grams – Mild HG compared with no HG

W.3 Subgroup analysis severity of HG – Small for gestational age – Mild HG compared with no HG

W.4 Subgroup analysis severity of HG – Fetal sex – Mild HG compared with no HG

W.5 Subgroup analysis severity of HG – Gestational age at delivery – Mild HG compared with no HG
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W.6 Subgroup analysis severity of HG – Prematurity <37 weeks – Mild HG compared with no HG

W.7 Subgroup analysis severity of HG – Birth weight – Severe HG compared with no HG

W.8 Subgroup analysis severity of HG – Birth weight <2500 grams – Severe HG compared with no HG

W.9 Subgroup analysis severity of HG – Small for gestational age – Severe HG compared with no HG

W.10 Subgroup analysis severity of HG – Fetal sex – Severe HG compared with no HG
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W.11 Subgroup analysis severity of HG – Gestational age at delivery – Severe HG compared with 
no HG

W.12 Subgroup analysis severity of HG – Prematurity <37 weeks – Severe HG compared with no HG

W.13 Subgroup analysis severity of HG – Birth weight – Severe HG compared with mild HG

W.14 Subgroup analysis severity of HG – Birth weight <2500 grams – Severe HG compared with 
mild HG

W.15 Subgroup analysis severity of HG – Small for gestational age – Severe HG compared with 
mild HG
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W.16 Subgroup analysis severity of HG – Fetal sex – Severe HG compared with mild HG

W.17 Subgroup analysis severity of HG – Gestational age at delivery – Severe HG compared with 
mild HG

W.18 Subgroup analysis severity of HG – Prematurity <37 weeks – Severe HG compared with mild HG
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Long-term health outcomes of children of 

mothers with hyperemesis gravidarum: a 
systematic review and meta-analysis

Kelly Nijsten, Larissa A.W. Jansen, Jacqueline Limpens, Martijn J.J. Finken, 
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AJOG AT GLANCE

A. Why was this study conducted?
Hyperemesis gravidarum (HG) can lead to undernutrition in pregnancy. While there is evidence 

that HG leads to adverse perinatal effects, aggregate evidence about children’s health after 

maternal HG is lacking at present.

B. What are the key findings?
Meta-analysis showed that children of mothers with HG had an increased chance of developing 

anxiety disorder (OR 1.74), sleep disorder (OR 2.94) and possibly testicular cancer (OR 1.60, signs 

of heterogeneity based on 95% prediction interval: 0.83-3.08). Narrative synthesis showed 

that maternal HG was associated with an increased risk of neurodevelopmental disorders in 

children, including autism spectrum disorder and attention deficit (hyperactivity) disorder. No 

consistent associations between HG during gestation and children’s cardiometabolic outcomes 

were found.

C. What does this study add to what is already known?
This systematic review showed that HG is associated with a small increase in neurodevelopmental 

disorders, mental health disorders and possibly testicular cancer.
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ABSTRACT

Objective
Hyperemesis gravidarum (HG) is characterized by severe nausea and vomiting in pregnancy, 

frequently resulting in severe maternal nutritional deficit. Maternal undernutrition is associated 

with adverse offspring health outcomes. Whether HG permanently affects offspring health 

remains unclear. This review aimed to evaluate effects of maternal HG on offspring health.

Data sources
Medline and Embase were searched from inception to September 6th, 2021.

Study eligibility
Studies reporting on health at any age beyond the perinatal period of children born to mothers 

with HG were included.

Study appraisal and synthesis methods
Two reviewers independently selected studies and extracted data. The Newcastle-Ottawa 

Quality Assessment Scale was used to assess risk of bias. We conducted a narrative synthesis 

and meta-analysis, where possible. In meta-analyses with high heterogeneity (I2>75%), we did 

not provide a pooled odds ratio (OR).

Results
Nineteen studies were included in this systematic review (n=1,814,785 offspring). Meta-analysis 

(n=619, 2 studies: 1 among adolescents and 1 among adults) showed that HG was associated 

with anxiety disorder (OR 1.74, 95% CI: 1.04;2.91, I2: 0%) and sleep problems in offspring (OR 

2.94, 95% CI: 1.25;6.93, I2: 0%). HG was associated with testicular cancer in male offspring aged 

up to 40 years upon meta-analysis (5 studies, n=20,930 offspring), although heterogeneity was 

observed based on a wide 95% prediction interval (PI) (OR 1.60, 95% CI: 1.07;2.39, I2: 0%, 95% 

PI: 0.83-3.08). All six studies reporting on attention deficit (hyperactivity) disorder and autism 

spectrum disorder reported an increase among children of mothers with HG in comparison to 

children of unaffected mothers. Meta-analysis showed high heterogeneity, precluding us from 

reporting a pooled OR. The majority of studies reporting on cognitive and motor problems 

found an increase among HG-exposed children. One study investigated brain structure and 

found smaller cortical volumes and areas among children from HG affected pregnancies in 

comparison to unaffected pregnancies. Studies evaluating anthropometry and cardiometabolic 

disease risk of HG-exposed children had inconsistent findings.
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Conclusion
Our systematic review showed that maternal HG is associated with small increases in adverse 

health outcomes among children, including neurodevelopmental disorders, mental health 

disorders and possibly testicular cancer, although evidence is based on few studies of low 

quality.

INTRODUCTION

Hyperemesis gravidarum (HG) is a pregnancy condition consisting of severe nausea and 

vomiting. Most commonly, symptoms arise in early pregnancy, commonly to improve before 

20 weeks gestation, although symptoms can persist until delivery.1, 2 HG is accompanied by 

poor nutritional intake and can lead to dehydration, electrolyte disturbances and weight loss.1 

Due to the lack of an available cure, treatment is symptomatic and supportive.3

There is a growing body of evidence linking in utero undernutrition to an increased 

cardiometabolic and mental health disease risk in later life.4 In particular, maternal undernutrition 

in early pregnancy can have marked effects on offspring health in later life.5-7 In the first 

trimester, when organogenesis takes place, specific nutrient deficiencies including folic acid 

or vitamin K, are of particular relevance as they can lead to congenital anomalies.8, 9 In addition, 

there is evidence showing that specific maternal nutritional deficiencies during pregnancy, 

such as vitamin B12, folic acid and iron deficiencies, can have a negative impact on children’s 

neurobehavioral development.10 Since HG can lead to general undernutrition as well as specific 

nutrient deficiencies with an onset in early pregnancy, it is likely that HG could impact health 

of offspring in childhood and in adulthood.11 This notion is at odds with existing guidance for 

health care providers, which emphasizes the need to reassure HG patients that ‘hyperemesis 

gravidarum portends well for pregnancy outcome’.12

A previous systematic review, published in 2012, found only sparse literature on health beyond 

the perinatal period of children born to women with HG; only one study was included that 

identified excessive nausea during pregnancy as a risk factor for developing testicular cancer 

in male offspring.13

Recently, long-term health of children born to mothers with HG was placed in the top 10 of 

most urgent priorities in HG research by stakeholders, including patients.14 Therefore, we aimed 

to update the systematic summary of the available evidence on long-term health outcomes 

of children born to mothers with HG.
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METHODS

This systematic review was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A review protocol was registered in 

the International Prospective Register of Systematic Reviews (PROSPERO) as CRD42020209560.

Search strategy
A medical information specialist (J.L.) performed a search in Medline and Embase from inception 

to September 6th, 2021. We used respectively MeSH- or EMTREE-terms and text words for the 

concepts: 1. hyperemesis gravidarum and 2. child, offspring, pregnancy outcomes or long term 

effects. Animal studies, reviews, case reports, editorials and conference abstracts (EMBASE) were 

excluded. No other limitations, including date and language, were applied. For the complete 

search strategies see Appendix A1. The search also included perinatal outcomes, which will 

be discussed in a separate systematic review that is currently in progress. All references were 

imported in ENDNOTE (X9.3.3) and duplicates were removed. Reference lists and citing articles 

of identified relevant papers were checked for additional relevant studies using Web of Science.

Protocol deviations
For practical reasons, a number of deviations from the published PROSPERO protocol were 

necessary. We did not search the Cochrane Central Register of Controlled Trials (CENTRAL), 

which only contains controlled clinical trials and mainly has added value as a source for grey 

literature. Since we expected to find evidence from observational studies only and we excluded 

conference abstracts and other grey literature, we limited our search to Medline and Embase. 

Additionally, none of the relevant studies that were identified by cited reference searching 

before constructing the actual search were found in CENTRAL. By repeating cited reference 

searching after completion of the search we aim to ensure that the searches are comprehensive. 

Furthermore, we decided not to use the Risk Of Bias in Non-randomized Studies - of Exposure 

(ROBINS-E) tool, since this tool unfortunately had remained ‘under development’ during the 

entire review process.

Study selection
Two reviewers (K.N. and L.J.) independently screened titles and abstracts using Rayyan,15 

after which potentially eligible studies were obtained in full text. Two reviewers (K.N. and 

L.J.) independently performed a second eligibility check for studies in the full text. Any 

disagreements were discussed until consensus was reached or, if necessary, a third reviewer 

was consulted (R.P.).

8
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Eligibility criteria were:

• Studies reporting on long-term health outcomes of offspring born to mothers with severe 

nausea and vomiting in pregnancy (NVP) or HG, as reported by the authors.

• Long term health outcomes included: general health, growth development, cardiometabolic 

outcomes, cognitive development, behavioral development, neurodevelopment, mental 

health and cancer.

Exclusion criteria were:

• Case reports, case series, letters to the editor, conference abstracts and reviews

• Studies not reporting a control group, unless offspring’s long-term health among the 

disease spectrum of severity of HG was assessed.

Data extraction
A piloted data extraction form was used to extract data by one reviewer (K.N.), which was 

critically appraised by a second reviewer (L.J.). Any disagreements were solved by consensus 

and in case of persistent disagreement, a third reviewer was consulted (R.P.). Authors were 

contacted by email if data was unclear or missing.

Assessment of risk of bias
A quality assessment was performed independently by two reviewers (K.N. and L.J.). Any 

disagreements were discussed until consensus was reached. The Newcastle-Ottawa Scale 

(NOS) was used, which consists of 8 questions with a maximum score of 9.16 Studies scoring ≥7 

were considered as good quality, ≥5 as fair quality and ≤4 as poor quality. Low quality upon 

assessment was not a reason for exclusion.

Data synthesis
Findings were described by meta-analysis, where sufficient data were available, or otherwise 

described narratively. In the meta-analyses, data were presented as odds ratios (OR) with 

corresponding 95% confidence intervals (95% CI). Random effects models according the 

Mantel-Haenszel method were used, based on anticipated heterogeneity. We used I2 statistics 

to assess heterogeneity with I2 values >75% considered as high heterogeneity. In those cases, 

we did not provide a pooled OR and we performed a sensitivity analysis, if possible. We also 

assessed heterogeneity by calculating 95% prediction intervals (PIs) of pooled ORs of meta-

analyses that included at least three studies, to give an estimate of an interval in which 95% 

of effects which might be found in future, comparable studies.17 We assessed publication 

bias by analyzing funnel plots if at least 10 studies reported on the same outcome, according 
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to the Cochrane Handbook for Systematic Reviews of Interventions.18 P-values below 0.05 

were considered statistically significant. Review Manager (RevMan, version 5.4, The Cochrane 

Collaboration, 2020) was used to conduct meta-analyses.

Strength of the evidence
Strength of the evidence of all meta-analyses was assessed by the GRADE method according 

to the GRADE handbook.19 Two reviewers (K.N. and L.J.) independently graded evidence with 

use of the GRADEpro (Evidence Prime Inc, Ontario, Canada). Since only observational studies 

were included, the initial quality of evidence started at very low and was upgraded if there was: 

1. A large magnitude of an effect (one level up in case of a RR <0.5 or >2; two levels up in case 

of a RR <0.2 or >5), 2. Signs of a dose response relationship or 3. In case of plausible residual 

confounding. Evidence could be rated as very low, low, moderate or high quality.

RESULTS

Study selection
Our search identified 1360 unique studies. Nineteen studies were considered eligible and 

included in this systematic review, as shown in Figure 1.2, 20-37

Study characteristics
Characteristics of included studies are summarized in Table 1. Two studies of Fejzo et al.22, 23 

were both follow-up survey studies of children of the same population at the age of 8 and 12 

respectively. Both studies were included in this systematic review, but only the latter of the 

two was included in meta-analysis, based on our ability to produce 2 × 2 tables and because 

of a longer follow-up period.22 Furthermore, Wang et al.34 validated their results of an American 

cohort in a different, Danish cohort and therefore, these two study populations were described 

separately in this systematic review.

Of the studies included, 12 were cohort studies and 8 case-control studies. HG diagnosis was 

based on self-reports in seven studies,2, 22, 23, 25, 28, 30, 37 based on interviews in seven studies,21, 27, 

29, 31, 32, 34, 36 based on ICD codes in five studies,24, 26, 33-35 and derived from medical records in one 

study.20 In total, 1,814,785 children were included in this systematic review of whom 36,546 

children were born to women who experienced HG.

8
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Figure 1. PRISMA flow diagram: selection process of articles

Risk of bias of included studies
Four studies, three cohort and one case-control studies, were rated to be of poor quality, as 

shown in Table 2.2, 22, 23, 28 These studies scored low on either the selection domain, because 

of being self-selected survey studies and/or on the comparability domain, because of not 

adjusting for confounders in statistical analyses. Three studies were rated as fair quality (two 

cohort and one case-control study).27, 31, 37 Twelve studies, including six cohort and six case-

control studies, were rated as good quality.20, 21, 24-26, 29, 30, 32-36 We were not able to conduct 

funnel plots in order to assess publication bias due to the low number of studies included in 

meta-analyses.
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Table 2. Risk of bias assessment using the Newcastle-Ottawa Quality Assessment Scale
(NOS) of included cohort and case-control studies

Cohort studies
Studies Selection Comparability Outcome Total score Quality score
Fejzo et al, 2009 * * 2 Poor
Fejzo et al, 2015 * ** 3 Poor
Fejzo et al, 2019 * * 2 Poor
Getahun et al, 2019 *** ** *** 8 Good
Gu et al, 2021 *** ** ** 7 Good
Koot et al, 2017 *** ** *** 8 Good
Koren et al, 2018 ** * ** 5 Fair
Ong et al, 2021 ** ** ** 6 Fair
Poeran et al, 2019 ** ** *** 7 Good
Syn et al, 2020 *** ** *** 8 Good
Wang et al, 2020 *** ** *** 8 Good

Case-control studies
Studies Selection Comparability Exposure Total score Quality score
Ayyavoo et al, 2013 **** ** ** 8 Good
Depue et al, 1983 **** ** * 7 Good
Henderson et al, 1979 **** ** * 7 Good
Hisle-Gorman et al, 2018 ** ** *** 7 Good
Mullin et al, 2011 ** ** 4 Poor
Petridou et al, 1997 **** ** * 7 Good
Swerdlow et al, 1982 *** *** 6 Fair
Vandraas et al, 2015 *** ** ** 7 Good

The NOS risk of bias assessment tool consisted of 8 items with a total maximum score of 9. A score ≥7 was considered as good 
quality, a score ≥5 as fair quality and a score ≤4 as poor quality.

Anthropometry
Five studies, including 14,423 children, reported on anthropometry measures, as shown 

in Supplement Table S1.20, 26, 30, 36, 37 Four studies reported on height.20, 26, 36, 37 Two studies 

reported on boys and girls separately (n=3,114 children) and found contradictory findings: the 

first study found that girls, but not boys from mothers with HG were taller at age 12, 18 and 

24 months,36 while the second study found that boys, but not girls of mothers with HG were 

taller at 72 months (adjusted β 0.64 SDs, 95% CI: 0.23;1.04).37 Two studies (n=6,540 children) that 

analyzed boys and girls together did not find any differences in height at age 4-11 and 16.20, 26

Three studies reported on weight growth.30, 36, 37 The two studies that evaluated boys and girls 

separately (n=3,114 children) again showed conflicting findings: the first study showed that girls, 

but not boys exposed to HG were heavier at 12, 18 and 24 months,36 while the other study found 
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that exposed girls were lighter (adjusted β -0.53 SDs, 95% CI: -1.03;-0.03) and boys were heavier 

at 5 years (adjusted β 0.57 SDs, 95% CI: 0.05;1.08).37 The third study that evaluated weight growth 

among both boys and girls (n=4,760 children) found that HG-exposed children weighted 

more compared to non-exposed children at age 2 (9,838±1,712 compared to 9,581±1,440 g).30

Four studies reported on children’s BMI. One study (n=4,760 children) found higher BMI among 

6 year old HG-exposed children compared to non-exposed children (male and female: adjusted 

β 0.08, 95% CI: 0.00;0.17),30 while another study (n=1,172 children) found lower BMI among 66 

months old female offspring exposed to HG (adjusted β -0.57 SDs, 95% CI: -1.09;-0.05), but 

no differences among male offspring.37 The two other studies did not find differences in BMI 

among HG-exposed and non-exposed children at 4-11 and 16 years (n=6,540 children).20, 26

Lastly, one study, including 4,760 children, found that, at age 6, those born to women with HG 

had higher total body fat mass (adjusted β 0.12, 95% CI: 0.03;0.20), higher android/gynoid fat 

mass ratio (adjusted β 0.11, 95% CI 0.02;0.21) and higher abdominal preperitoneal fat mass area 

(adjusted β 0.10, 95% CI: 0.00;0.20) compared to those born to women without HG,30 while two 

other studies (n=6,540 children) did not find any differences in waist/hip ratio, android/gynoid 

fat mass ratio and total body fat percentage at ages 4-11 and 16.20, 26

Cardiometabolic health
Blood pressure

Two studies, including 10,832 children, evaluating blood pressure had conflicting findings.26, 

30 One study (n=4,370 children) found that those born to women with HG had significantly 

higher diastolic (61.4±7.3 vs 60.5±6.7 mmHg) and higher systolic blood pressures (103.8±8.8 vs 

102.4±8.1 mmHg) at the age of 6, which was not sustained after adjustments for confounders,30 

whereas the other study that included 6,462 adolescents of 16 years old, did not find such 

differences.26 The fact that studies differed in children’s ages at assessment, prohibited meta-

analyses.

Cardiometabolic laboratory measures

Three studies, including 8,847 children, reported on cardiometabolic laboratory measures. 

None of the studies found any differences in lipid profile measures between HG-exposed and 

non-exposed children.20, 26, 30 Two out of three studies (n=8,747 children) found no differences in 

fasting insulin, glucose, c-peptide or HOMA-IR levels at the age of 6 and 16.26, 30 The third study 

(n=78 children, aged 4 to 11) found that those born to mothers with HG had significantly higher 

fasting insulin levels than those of control pregnancies (6.88 vs 5.04 mIU/L) after adjustments 
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for confounders, including ethnicity, birth weight, birth order, age, sex and BMI, were made.20 

Due to age-specific laboratory reference intervals, these results could not be pooled for meta-

analyses. Insulin sensitivity, as assessed from a 90 minute frequent sampling intravenous 

glucose tolerance test, was also reported to be 20% lower in HG-exposed children than in 

non-exposed children.20 Lastly, they reported that children of women with HG had significantly 

higher early-morning cortisol (256 vs 210 nmol/L), lower IGF binding protein 1 (11.8 vs 19.0 ng/

mL) and lower IGF binding protein 3 levels (1955 vs 3435 ng/mL).

A narrative summary of results of included studies reporting on anthropometry and 

cardiometabolic health outcomes is displayed in Supplement Table S1.

Neurodevelopment and mental health
Cognitive and motor development

Two studies (n=9,696 children) found that HG-exposed children scored significantly lower 

on cognitive development scores than non-exposed children at age 2,32 and 9 to 11 years 

respectively.34 Two studies assessed intelligence by measuring IQ scores: the first study (n= 469 

children), did not find any differences in IQ scores at the age of 4,32 while another study (n=241 

children) found that HG-exposed children scored significantly lower at verbal, performance 

and full scale IQ scores than non-exposed children aged 3.5 to 7.27 Only the first study adjusted 

for confounders.32

Three studies reported on learning difficulties and speech or language impairment/delay.23, 28, 

32 One of them found that families with at least one HG-exposed child more often reported 

learning delays (12.3%) and speech or language impairment/delays (24.1%) compared to 

families where none of the children were exposed to HG (3.4% and 11.2% respectively), without 

adjusting for possible confounders.23 Another study (n= 482 children at age 2) did not find any 

differences in language skills, measured by the Bayley-III language scale, between HG-exposed 

and non-exposed children in multivariable regression analysis.32 The third study (n= 259 adults) 

did not assess associations per separate outcome, but only stated that 38% of HG-exposed 

offspring reported having a psychological and/or behavioral disorder (including learning 

disorders and speech delay) compared to 15% of non-exposed offspring (unadjusted OR 3.57, 

95% CI: 1.87;6.90, P<0.001).28

An association between HG and neurosensory disorders in children was found in two studies 

of Fejzo et al.,22, 23 including 292 families and 360 children respectively at the age of 8-9 and 

11-13. No adjustments were made for confounders and, as described earlier, it is likely that 
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these studies partially reported on the same children. One study (N=1,109,370 children, aged 

up to 18) reported on developmental problems, including language, learning, and motor skills 

problems, and found that HG-exposed children had an increased chance compared to non-

exposed children (adjusted HR, 1.18; 95% CI, 1.05–1.34),34 while another study (n=475 children, 

aged 2) did not find any differences in Bayley-III scores on the subdomain motor difficulties.32

A narrative summary of results of included studies reporting on cognitive and motor 

development is displayed in Supplement Table S2.

Mental health

All eight included studies reporting on mental health found an increased risk for HG-exposed 

children compared to non-exposed children, as narratively summarized in Supplement Table 

S3. A meta-analysis including two studies (n=1,109,629 offspring, including children aged up 

to 18 and adults) that reported on emotional problems found no significant association (OR 

1.19, 95% CI: 0.89;1.61, I2: 0%), as shown in Figure 2 (GRADE level of evidence: very low quality, 

see Supplement Table S4).28, 34 One study assessed affective problems as a subdomain of 

the Child Behavioral Checklist (CBCL) and found higher scores among HG-exposed than non-

exposed children at 2 and 4 years old after adjustments for confounding factors.32

Four studies (n=10,490 offspring varying in age from 4 to adulthood) found that HG-exposed 

offspring were at increased risk of anxiety compared to non-exposed offspring, based on 

CBCL subdomains,32, 34 as well as on self-reported symptoms.22, 28 When pooling these last two 

studies in meta-analysis, we found that HG-exposure was significantly associated with anxiety 

disorder in offspring (OR 1.74, 95% CI: 1.04;2.91, I2: 0%) (Figure 2) (GRADE level of evidence: very 

low quality, see Supplement Table S4). Two studies (n=9,473 offspring) found a significant 

association between HG-exposure and CBCL depression scores at age 9-11,34 and depression 

rates in adulthood (unadjusted OR 6.35).28 The latter of the two also found that bipolar disorder 

more often occurred in HG-exposed offspring (unadjusted OR 4.90).28

Two studies (n=778 children, aged 8-9 and 11-13), which are likely to partially include the same 

children because of being a follow-up of the same original study population, found higher 

rates of social developmental delay or social anxiety in HG-exposed children compared to 

non-exposed children (unadjusted OR 5.02 and 3.58).22, 23
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Figure 2. Meta-analyses neurodevelopment and mental health outcomes

Neurobehavioral development

As shown in a narrative summary in Supplement Table S3, all studies reporting on 

neurobehavioral development found an increase of neurobehavioral developmental disorders 

among HG-exposed offspring. Six studies (n=1,600,520 offspring, aged 1.5 to adulthood) 

reporting on Autism Spectrum disorders (ASD) or on autism alone, found that this occurred 

more often in HG-exposed than in non-exposed offspring.22, 24, 28, 32, 34, 35 A meta-analysis including 

four studies (n= 1,614,559 children, aged 2-18) that reported on the association between HG 

exposure and ASD in children showed high heterogeneity based on an I2of 86% (Figure 2) 

and a 95% PI of 0.54-2.95 (GRADE level of evidence: low quality, see Supplement Table S4).22, 
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24, 34, 35 Sensitivity analysis showed a significant association between HG exposure and ASD 

when including only the three studies from the USA (OR 1.37, 95% CI: 1.19;1.57, I2: 62%, 95% PI: 

0.29-6.44) (Supplementary Figure S1), but did not reveal differences when excluding studies 

with a poorer study design (i.e. survey and case-control study) (Supplementary Figure S2). 

No significant association was found between HG-exposure and autism alone in meta-analysis 

including two studies (OR 1.12, 95% CI: 0.92;1.37, I2: 0%) (Figure 2) (GRADE level of evidence: 

very low quality, see Supplement Table S4).28, 34

A significant association between HG and attention deficit disorder (ADD) or attention deficit 

hyperactivity disorder (ADHD) in offspring, combined or as separate diagnoses, was found in 

all six studies reporting on this topic (n=1,120,014 offspring, aged 2 to adulthood). Pooling two 

of these studies (n= 1,109,730 children, aged up to 18) in meta-analysis that reported on ADD/

ADHD combined showed substantial heterogeneity with an I2 of 81% (Figure 2) (GRADE level 

of evidence: very low quality, see Supplement Table S4).22, 34 Since only two studies were 

included, we were not able to perform a sensitivity analysis.

One study, reporting on two different study populations (n=1,118,584 children, aged up to 18), 

found that conduct and oppositional defiant disorders more often occurred in HG-exposed 

children and that they had higher scores on corresponding CBCL subdomains than non-

exposed children.34 Three studies reported on sleep problems. One study (n= 530 children) 

found increased scores on the sleep problem subdomains of the Infant-Toddler Social and 

Emotional Assessment and CBCL at respectively 1 and 2 years old in HG-exposed children in 

multivariable regression analysis.32 A meta-analysis including the other two studies (n= 619 

offspring, at the age 11-13 and adults) showed increased sleep problems among HG-exposed 

offspring (OR 2.94, 95% CI: 1.25;6.93, I2: 0%) (Figure 2) (GRADE level of evidence: very low quality, 

see Supplement Table S4).22, 28

The effect of HG severity and treatment on neurodevelopment and mental 
health in offspring

Few studies also assessed differences in children’s neurobehavioral outcomes among the 

disease spectrum of HG. One study (n= 819 offspring with a mean age of 32) found no significant 

differences in autism, behavioral, emotional, sensory and learning disorders between offspring 

of HG patients with and without severe weight loss (>15% of prepregnancy weight).2 The 

second study (n= 418 children, aged 8-9) found that the presence of early HG symptoms (below 

5 weeks gestation) was significantly associated with neurodevelopmental delay in children, but 

found no differences between in- or outpatient care or between different medications and 
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treatments.23 Another study (n= 1,172 children, aged 1 to 4.5) found that severe NVP without 

admission was more often associated with reduced neurobehavioral development in children 

than severe NVP with admission.32

Two studies assessed associations between ASD rates and HG severity and treatments. The first 

study (n= 360 children, aged 11-13) did not find any differences between different treatments 

(anti-emetics or tube feeding), in- or outpatient care and early onset of symptoms (below 5 

weeks gestation).22 The second study (n= 469,789 children, aged 2-17) found a higher ASD 

incidence rate among children of women diagnosed with HG in the first (adjusted HR 1.58; 

95% CI: 1.40;1.79, P<0.001) or second trimester (adjusted HR 1.36; 95% CI: 1.05;1.75, P 0.02) and 

children of HG patients with metabolic disturbances that required rehydration or tube feeding 

(adjusted HR 1.41, 95% CI: 1.05;1.90; P 0.02).24 No differences were found in ASD rates between 

early and late maternal hospitalization for HG.24

Brain morphology and its association with cognitive and psychological 
symptoms in children

One study (n= 10,710 children, aged 9-11) assessed brain morphology in children and measured 

the cortical area, volume and thickness of each brain region.34 They found that the total cortical 

volume and area were significantly smaller in children exposed to severe NVP and that these 

smaller volumes and area’s mediated associations between severe NVP exposure and cognitive 

and psychological symptoms.

Cancer risk
Data on offspring’s cancer risk was available in 5 studies (n=173,502 offspring, aged up to 40 

).21, 25, 29, 31, 33 Four studies reported solely on testicular cancer and assessed whether HG during 

pregnancy was a risk factor for the disease.21, 25, 29, 31 The fifth study reported whether HG was 

a risk factor for developing multiple types of childhood cancer, including testicular cancer.33 

Meta-analysis including these 5 studies showed that HG was significantly associated with 

testicular cancer in male offspring (OR 1.60, 95% CI: 1.07-2.39, I2 = 0%, 95% PI: 0.83-3.08) as shown 

in Figure 3 (GRADE level of evidence: very low quality, see Supplement Table S4). Sensitivity 

analyses showed that a significant association between HG exposure and testicular cancer 

in male offspring only remained after omitting the study of Vandraas et al.33 (Supplement 

Figures S3 to S7), which means that this study has a large impact on the results. The study of 

Vandraas et al.33 is a large, case-control study (n=162,514 offspring) that did not find a significant 

association between HG exposure and testicular cancer in offspring.

8
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No association was found between HG and multiple childhood cancers in one study including 

162,514 offspring in total.33 When dividing their study population in offspring aged 1 to 10 

years old and 10 to 20 years old however, HG was significantly associated with lymphoma in 

offspring aged 10 to 20 years (adjusted RR 2.08, 95% CI: 1.11-3.90).33

Figure 3. Meta-analysis testicular cancer

DISCUSSION

Main findings
Our systematic review identified 19 studies reporting on children’s long-term health after HG-

exposure in utero. We were able to conduct meta-analyses for seven outcomes and found that 

maternal HG was significantly associated with anxiety disorder and sleep problems in offspring, 

while no associations were found with emotional disorders and autism. Maternal HG was also 

significant associated with testicular cancer in male offspring in meta-analyses, although there 

were signs of heterogeneity based on the 95% PI, that is considerably wider than the CI and 

which crosses 1. All studies reporting on ADD/ADHD and ASD found an increased risk among 

children of mothers with HG, but showed high heterogeneity when pooling these results in 

meta-analysis. Narrative synthesis showed that a majority of the studies showed an increase 

in cognitive and motor problems in children of mothers with HG. One study showed that 

children’s brain morphology was affected, with children exposed to severe NVP having smaller 

total cortical volume and area compared to non-exposed children. Inconsistent associations 

were found between HG exposure and anthropometry and cardiometabolic disease risk 

markers. Studies reporting on the effect of HG disease severity or treatment on children’s 

long term health had inconsistent findings. All evidence included in this systematic review is 

based on a small number of studies with evidence of meta-analyses graded to be of very low 

to low quality.
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Strengths and limitations
This systematic review has several strengths. A research protocol was published online, before 

conducting this review. We were able to include studies on multiple long-term health domains, 

including cardiometabolic health, neurodevelopment, mental health and cancer risk. We also 

managed to collect additional data from corresponding authors of included studies in order to 

extend our meta-analysis. Moreover, two thirds of included studies were rated as to be of fair 

to good quality and we included a relatively large group of offspring that was exposed to HG.

Limitations of this review include heterogeneity in reported outcomes as well as in HG 

diagnosis. Heterogeneity in HG diagnoses is a problem that has been previously identified in 

a systematic review that concluded that only 2 criteria (nausea and vomiting) were commonly 

used in diagnosing HG.38 Heterogeneity led to variances in HG rates among the included 

studies in our review: cohort studies diagnosing HG based on self-reports or interviews 

reported rates between 9.7-21.9%, whereas cohort studies including HG patients based on 

ICD codes reported much lower rates varying from 0.6-3.1%. While ICD codes have been shown 

to be only valid for diagnosing women with a mild HG,39 ICD codes were used to diagnose HG 

patients in the 4 largest studies included in this review.24, 33-35 The fact that we included mainly 

case-control studies, which are prone for recall bias, taken together with different methods 

of disease ascertainment, which may have led to over- and underestimation of HG or disease 

severity, this could have influenced results.

Additionally, studies reported on many different long-term health outcomes and used different 

methods to ascertain these. Therefore, we were not able to aggregate results in meta-analysis 

for a majority of the outcomes and were our results mostly presented by use of a narrative 

synthesis. Moreover, evidence of outcomes that were assessed by meta-analyses was graded as 

very low or low quality. Furthermore, the Diagnostic and Statistical Manual of Mental Disorders 

was updated in 2013, combining several disorders, including autism disorder, into one diagnosis: 

ASD.40 This hampered us in conducting meta-analysis for ASD and autism combined, since both 

outcomes are used interchangeably in current literature. Lastly, some of the studies included 

self-selected participants that self-reported offspring outcomes, plausibly leading to higher 

rates of adverse health outcomes and possible recall bias.22, 23, 28

Comparison with existing literature
Our systematic review and meta-analysis showed that HG-exposure is associated with 

neurodevelopmental and mental health problems, along with a decrease in brain volume, 

in offspring. So far, only few studies have evaluated the effect of maternal undernutrition 

8
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during pregnancy on children’s neurodevelopment and mental health. Research from the 

Dutch famine found that in utero exposure to undernutrition led to an increased risk for 

developing schizoid or antisocial personality disorders,41, 42 while animal studies found that 

maternal protein restriction during pregnancy had a negative effect on anxiety and cognitive 

behavior in offspring.43 Different mechanisms can be hypothesized to be the underlying cause, 

for example when interpreting our results in the context of ASD research. A recent systematic 

review, including 36 studies, found that an appropriate intake of folic acid and Vitamin D could 

protect against ASD in offspring.44 Conversely, this could mean that a reduced availability of 

these nutrients, potentially caused by HG, may lead to an increased ASD risk in children. Another 

recent systematic review and meta-analysis demonstrated that SGA neonates are at increased 

risk of developing ASD.45 Since previous research showed that HG children are more often born 

SGA, an alternative explanation could be that the risk of HG-exposed children developing ASD 

originates in fetal growth restriction.13 Genetics also play an important role, whereas a large 

multi-country cohort study found a high heritability rate for ASD of 80%.46 No evidence of 

genetic factors being involved however, was found in a self-reported survey study comparing 

HG-exposed offspring to unexposed siblings and to offspring with no family history of HG.47

We did not find evidence of a consistent effect of HG on offspring anthropometry and 

cardiometabolic disease risk markers. These findings are at odds with the large body of 

evidence on effects of maternal undernutrition in pregnancy. Animal experiments have linked 

intra-uterine undernutrition to adverse health outcomes in offspring in later life.48, 49 Additionally, 

studies about the Dutch, Chinese and Nigerian Famine showed that adults exposed to maternal 

undernutrition in utero more often had type II diabetes mellitus, hypertension, overweight and 

coronary heart diseases in later life.5, 7, 50, 51 This may be explained by the fact that the studies 

in our systematic review included children of young ages, which precludes any definitive 

statement about the possible effects HG may have on adult offspring. Alternatively, it could 

be that women included in the studies had relatively mild HG and that only women with 

severe HG are comparable with pregnant women during the Famine in terms of maternal 

undernutrition. Finally, it is possible that HG, despite incurring maternal undernutrition, simply 

does not have effects on cardiometabolic health in the next generation. Moreover, due to the 

presence of age-specific reference intervals for anthropometry and cardiometabolic laboratory 

measures, we were not able to pool results in meta-analysis. More research is warranted in 

order to draw firm conclusions about possible adverse cardiometabolic disease risks for HG-

exposed children.
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HG was associated with testicular cancer in male offspring with an OR of 1.60, which has 

been previously hypothesized to be caused by increased estrogen levels during pregnancies 

complicated by HG.21, 25 Nonetheless, these results should be interpreted with caution. While 

there were no signs of heterogeneity based on the I2 of zero, the 95% PI suggested otherwise, 

estimating that in 95% of future, subsequent studies the true effect estimate could range from 

0.83 to 3.08. Additionally, only a small number of HG cases were included in most studies and 

in four out of five studies HG was assessed by questionnaires or interviews long after their 

pregnancy occurred, which could have led to recall bias.21, 25, 29, 31 Importantly, the fifth and 

most recent, large study diagnosed HG based on ICD codes and did not find an association 

between HG and testicular cancer in offspring.33

We were unable to assess whether maternal treatment interventions can have a preventive 

role in avoiding health sequelae among the offspring. Only three studies that assessed 

neurodevelopment and mental health,22-24 but none of the studies on other long term health 

conditions, evaluated the association with treatment interventions and showed variations in 

results. Sensitivity analysis showed that HG was associated with more offspring ASD only in 

studies from the USA, but not in Denmark. This might indicate that differences in treatment or 

accessibility to health care between the USA and Denmark alter offspring’s ASD disease risk, 

which is an important matter to be addressed in future research, as it has direct implications for 

health care policy choices. Lastly, yet importantly, HG was not associated with more offspring 

ASD when excluding studies with a poorer study design.

Conclusions and implications
This systematic review and meta-analysis showed that there is an increased adverse long-

term health risk for children exposed to HG during gestation, in terms of neurodevelopmental 

problems and mental wellbeing, while the impact on cardiometabolic disease risk and testicular 

cancer remains unclear. Conclusions are based, however, on a small number of studies, with 

evidence from meta-analyses being graded as very low to low quality. Altogether, long-term 

health research in HG is still in its infancy and more research with long-term follow-up is needed 

to determine the pathophysiology of these associations and to further explore the role of (early) 

treatment in order to reduce adverse long-term health effects in offspring.
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Appendix A1. Search strategy

Search in Medline (1946 to September 6th, 2021)

# Searches Results

1 hyperemesis gravidarum/ 1686

2
((*morning sickness/ and (*vomiting/ or *nausea/)) or (*vomiting/ and *nausea/)) 
and pregnancy/

472

3
(hypereme* adj15 (pregnanc* or pregnant or gestat* or gravidi* or gravidar* or 
trimester* or maternal or prenat* or pre-nat* or antenat* or ante-nat* or intrauterine 
or intra-uterine or in-utero)).tw,kf.

1804

4
((pernicious* or serious* or sever* or excessiv*) adj2 (vomiting or nause*) adj9 
(gravidar* or gravidit* or gestat* or pregnanc* or pregnant or trimester*)).tw,kf.

313

5 (nausea adj2 vomit* adj3 pregnan*).tw,kf. 877
6 or/1-5 [hyperemesis gravidarum] 3066
7 exp pregnancy outcome/ [ incl stillbirth, live birth, spontaneous abortion ] 78350
8 prenatal exposure delayed effects/ or maternal exposure/ 38290

9
fetus/ or exp fetal heart/ or exp child/ or exp infant/ or puberty/ or schools/ or 
pediatrics/ [child /fetus]

2706830

10 child mortality/ or fetal mortality/ or exp infant mortality/ 32885

11

embryo loss/ or fetal diseases/ or fetal macrosomia/ or fetal growth retardation/ or 
fetal hypoxia/ or fetal nutrition disorders/ or exp fetal death/ or exp fetal membranes, 
premature rupture/ or exp obstetric labor, premature/ or oligohydramnios/ or 
hydrops fetalis/ or perinatal death/ or placenta diseases/ or abruptio placentae/ or 
placental insufficiency/ or infant, newborn, diseases/ or asphyxia neonatorum/ or 
exp infant, premature, diseases/ or neonatal sepsis/ or jaundice neonatal/ or exp 
infant death/ [pregnancy complications/infant death]

210822

12
exp birth weight/ or fetal weight/ or cephalometry/ or crown-rump length/ or fetal 
distress/ or apgar score/

80637

13

child nutritional physiological phenomena/ or infant nutritional physiological 
phenomena/ or prenatal nutritional physiological phenomena/ or “growth and 
development”/ or exp human development/ or “embryonic and fetal development”/ 
or embryonic development/ or fetal development/ or fetal movement/ or fetal organ 
maturity/ or fetal viability/ or sex determination processes/ or sex differentiation/ or 
sexual development/ or language development/ or psychology, developmental/ 
or psychology, educational/ or exp education, special/ or exp child behavior/ or 
behavioral symptoms/ or neurobehavioral manifestations/

201303

14 adolescent health/ or child health/ or infant health/ 5867

15

neurodevelopmental disorders/ or exp “attention deficit and disruptive behavior 
disorders”/ or exp autism spectrum disorder/ or obsessive-compulsive disorder/ or 
exp tic disorders/ or exp psychomotor performance/ or motor skills disorders/ or 
child behavior disorders/

223188

16
exp aptitude tests/ or behavior rating scale/ or neuropsychological tests/ or language 
tests/ or exp “memory and learning tests”/ or stroop test/ or trail making test/

124448

17 sex factors/ or sex ratio/ or sex determination analysis/ 286865
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Continued
# Searches Results
18 exp testicular diseases/ 39645

19
exp musculoskeletal system/ab or exp heart/ab or exp nervous system/ab or 
genitalia/ab or abdominal wall/ab or urinary tract/ab or kidney/ab or urinary bladder/
ab or kidney diseases/cn

87954

20 exp *congenital abnormalities/ or exp congenital abnormalities/et, ep 516968

21

abnormalities, severe teratoid/ or exp cardiovascular abnormalities/ or exp nervous 
system malformations/ or hydrocephalus/ or exp musculoskeletal abnormalities/ or 
exp bone diseases, developmental/ or cleft lip/ or exp digestive system abnormalities/ 
or exp respiratory system abnormalities/ or exp urogenital abnormalities/ or exp 
hydronephrosis/

513447

22 ((pregnancy or gestat*) adj outcom*).tw,kf. 27889

23
((perinat* or peri-nat* or birth*1 or childbirth* or deliver* or labo?r* or obstetric*) 
adj3 outcome*).tw,kf.

34700

24
((perinat* or peri-nat*) adj3 (complicat* or health or morbidit* or cancer* or 
malignan* or neoplas*)).tw,kf.

9811

25
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj18 expos*).tw,kf.

29816

26 (maternal adj2 expos*).tw,kf. 7898

27
((prenat* or pre-nat* or antenat* or ante-nat* or in-utero or intra-uterine or 
intrauterine) adj3 (factor* or variabl* or parameter* or circumstanc* or condition*)).
tw,kf.

5808

28
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj life).tw,kf.

1940

29
(DOHAD* or FOAD* or (early adj3 origin*)).tw,kf. or (development* adj3 origin* adj4 
(health* or diseas* or adult)).tw,kf,jw.

5837

30 (offspring* or progeny or (born adj2 mother*)).tw,kf. 116107

31

(f?etal or f?etus* or neonat* or neo-nat* or new*born* or new-born* or child or 
child*1 or children* or schoolchild* or childhood or infant* or infanc* or toddler* or 
prekindergarten* or kindergarten* or preschool* or school-age* or schoolage* or 
high-school* or highschool* or elementary school* or graders or puber* or teens 
or teenager* or youth or juvenil* or adolescence or adulthood or young adult* or 
adult life or older age* or “early life” or later-life or “later in life”).tw,kf. [ child filter ]

2682682

32

(((perinat* or peri-nat* or intrauterin* or intra-uterin* or in-utero or prenat* or pre-
nat* or antenat* or ante-nat*) adj3 (mortalit* or death* or demise)) or stillbirth* or 
stillborn* or asphyx* or miscarriag* or IUFD or (spontan* adj3 abort*) or ((embry* or 
pregnancy) adj2 loss*) or liveborn* or (live adj3 (birth* or born*))).tw,kf.

108628

33

(((intrauterin* or intra-uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-
nat*) adj3 (growth* or develop* or brain or movement*)) or ((intrauterin* or intra-
uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-nat*) adj12 growth adj2 
(restrict* or retard*)) or FGR* or IUGR* or SFGR* or SIUGR*).tw,kf.

30590

34 (placent* adj3 (insufficien* or d*sfunct* or inflammat* or abruptio*)).tw,kf. 8432

8
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Continued
# Searches Results

35

((PROM and ruptur* and (membran* or amnio*)) or PPROM* or EPPROM*1 or 
((prematur* or pre-matur* or i?matur* or preterm* or pre-term* or pre-labo?r or 
prelabo?r) adj6 ruptur* adj4 (amnio* or membran*)) or chorioamn* or amnionit* or 
intraamnio* or funisit*).tw,kf. or (((ruptur* adj2 (amnio* or membran*)) or ROM).tw,kf. 
and (pregnan* or gestat* or gravidit* or trimester* or intrauterine* or intra-uterin* or 
in-utero or prenat* or pre-nat* or antenat* or ante-nat*).mp.)

14299

36
(prematurity or ((preterm* or pre-term* or prematur* or pre-matur*) adj3 (labo?r or 
deliver* or birth* or childbirth*)) or PTB or PTBs or TPTB* or SPTB* or VPTB* or EPTB* 
or PTL or TPTL* or PTD*).tw,kf.

85358

37
(((small* or large* or deliver* or labo?r* or birth or childbirth) adj4 gestat* adj2 (age 
or ages)) or (gestat* adj (“at birth” or “at deliver*”)) or birth age* or SGA or LGA).tw,kf.

34043

38

(((birth or births or childbirth* or born or parturit* or delivery or baby or babies 
or postnat* or post-nat* or perinat* or peri-nat* or intrauterine or intra-uterine 
or in-utero) adj2 (underweight* or weight* or overweight* or siz* or length*)) or 
birthweight* or LBW* or VLBW* or ELBW*).tw,kf.

88258

39

((((head or cephal* or body or arm or arms or leg*) adj4 (circumfer* or measur* or siz* 
or small* or larg*)) or cephalometr* or anthropometr* or body mass* or BMI) adj9 
(birth or births or childbirth* or parturit* or delivery or baby or babies or postnat* 
or post-nat* or perinat* or per-nat* or intrauterine or intra-uterine or in-utero)).tw,kf.

10653

40

(neurodevelop* or ((brain or neurol* or neural or sex* or grow*) adj2 develop*) or 
“ages and stages” or DDST or (developmental adj4 (outcome* or test* or quotient* 
or index or indices or scor* or scale*)) or ((behav* or neurocognit* or cognit* 
or neurobehav* or neuropsychomot* or psychomotor* or psycho-motor* or 
neuromotor* or neuro-motor* or sensor?motor* or sensory motor* or visuomotor or 
visual motor or neuro-sensory or neurosensory) adj3 (abilit* or outcom* or problem* 
or develop*)) or ((executive or motor) adj3 (function* or d#sfunc* or deficit* or 
problem*)) or interference control or psychointellect* or intellect* or intelligen* or 
IQ or DQ or psycholinguist* or linguist*).tw,kf.

483193

41
(((language or learning or speech or reading or memory) adj3 (skill* or test* or scale* 
or scor* or task* or cognitiv*)) or verbal skill* or wording or naming or (numeric* adj3 
memory) or 5-digit or digit-span or letter-digit).tw,kf.

114783

42

(Binet* or Wechsler* or WAIS or WASI* or WIAT* or WDD or WDR or WRR or WISC or 
(WISC* not Wisconsin*) or WPPSI* or WRIT or CANTAB or complex figure or RCF or 
RCOF or RCFOSS or GIT-2 or FSIQ or VIQ or PIQ or (assess* adj2 batter*) or ((mobile or 
assesment*) adj3 ABC) or m-ABC or mABC or kABC or CELF or (mental development 
adj3 (index or indic* or scor*)) or MDI or WJ-R or Ba?ley* or BSID* or NEPSY or Beery or 
Basic Concept Scale or BBCS* or CMS or continuous performance* or Serial Addition 
or PDI or RBMT or Stroop or CNT or PPVT* or Everyday Attention or TOMI or MPC or 
CNT or Trail Making or Brunet or LMT or LMTs or TMT or TMTs or TMTa or Achievement 
Test or WJ-SAT or WJ IV or WRAT* or sensory profil* or ITSP or SSP or SPNL or CBCL).
tw,kf.

114014

43

(((female or male or women or men or males or ratio* or distribut* or proportion* 
or factor*) adj3 (sex or gender*)) or ((male or males) adj1 female*) or girls or boys 
or ((deliver* or parturit* or birth or born*) adj2 (girl* or boy* or femal* or male or 
males))).tw,kf.

317406
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Continued
# Searches Results

44
((testi* adj3 (cancer* or neoplas* or malignan* or tumo?r* or undescen* or descen*)) 
or cryptorch*).tw,kf.

35203

45
(congenit* or anomal* or malformat* or deformit* or d#smorph* or aplas* or d#splas* 
or hypoplas* or atres* or agenes*).tw,kf.

653144

46

((prenat* or pre-nat* or antenat* or ante-nat* or perinat or peri-nat* or birth or 
anatomic* or morphological* or isolated or chromosom* or nonchromosom* or 
cardiac or noncardiac or extracard* or cardio* or heart or outflow tract or OFT or 
conotrunc* or cono-trunc* or septal or septum or endocard* cushion* or atrioventric* 
or atrio-ventr* or AV or musc*skelet* or skelet* or bone or bones or osseous or spine 
or spinal or limb or limbs or extremit* or foot or feet or hand or hands or cranio* 
or orofacial or facial* or palat*2 or mouth or lip or lips or (digest* adj2 (system or 
tract*)) or GI or intestin* or duoden* or esophag* or oesophag* or trach*esophag* 
or abdominal or respirator* or pulmonar* or lung or diaphragm* or hemidiaphragm* 
or sex or sexual or genit* or urogenit* or kidney* or uret* or renal or bladder or 
neural-tube* or nervous system or CNS or brain) adj3 (abnormalit* or defect*1)).tw,kf.

201082

47

(Down* syndrome or CHD or Fallot* or Ebstein* or coarct* or (aort* adj1 arch*) or 
double outlet* or DORV or HLHS or HLV or HRHS or univentricular or uni-ventricular 
or single ventricle* or ((common arterial or arterios*) adj2 (trunk or truncus)) or VSD 
or (common adj3 (septum or septal) adj3 canal*) or AVSD or CAVC or scimitar* or 
TAPVC* or PAPVC* or encephaloc?el* or cephaloc?el* or meningoencephaloc?el* 
or notoencephaloc?ele or craniac?el* or ((cereb* or mening*) adj2 hernia*) or 
anencephal* or acrani* or aprosencephal* or ((spin* or cranium or crania) adj2 (bifid* 
or open)) or d#sraphi* or rachischis* or crani*-schis* or crani*schis* or myeloc?ele* 
or mening*myeloc?el* or hydrocephal* or hydro-cephal* or ventricul*-megal* or 
ventricul*megal* or holoprosencephal* or holo-prosencephal* or arhinencephal* 
or achondroplasi* or thanatophor* or osteochondrod#splas* or osteod#splast* or 
osteod#d#stroph* or chondrod#splas* or chondrod#stroph* or ((limb or limbs) adj2 
reduct*) or talipes or clubfoot or club-foot or cleft or clefts or gastro?chis* or gastro-
schis* or (umbilic* adj2 hernia*) or omphaloc?el* or exomphal* or ((cystic or polycyst* 
or multicyst*) adj2 (kidney* or (renal adj2 (diseas* or disorder*)))) or PKD or MCKD or 
megacystis or hydronephro* or Smith-Lemli-Opitz or micromelia or ectromeli* or 
(hydrops adj3 f?etalis) or hypospad* or hip dislocat*).tw,kf.

250725

48 or/7-47 [ perinatal and long term offspring outcomes ] 5716019
49 6 and 48 [ HG + perinatal and long term offspring outcome] 1191

50

(editorial or “systematic review”).pt. or (editorial or reply or (case-report not case-
report-survey) or two-cases or three-cases or four-cases or five-cases or 2-cases or 
3-cases or 4-cases or 5-cases).ti. or cochrane.jw. or ((review.pt. or case reports/ or 
case report*.jw. or (review or overview).ti. or (search* adj15 (literatur* or ((electronic* 
or medical or biomedical) adj3 database*) or medline or pubmed or embase or 
psyc?info or exhaustiv* or systematic*)).tw,kf,kw.) not (cohort studies/ or longitudinal 
studies/ or prospective studies/ or retrospective studies/ or cross-sectional studies/ 
or case-control studies/ or (case-control* or cohort* or retrospectiv* or prospectiv* 
or crosssection* or cross-section* or population-based or ((chart* or record* or 
retrospectiv*) adj3 review*)).tw,kf,kw.)) or (exp animals/ not exp humans/) or animal.
jw. or (rodent* or rabbit* or mice or mouse or murine or rat or rats or (animal* adj3 
(experiment* or model))).ti. [ filter for original human studies ]

10692231

8
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Continued
# Searches Results

51
49 not 50 [ HG + perinatal and long term offspring outcome - original human 
studies ]

701

52
remove duplicates from 51 [ HG + perinatal and long term offspring 
outcome -original human studies - duplicates removed ]

700

Search in Embase Classic and Embase (1947 to September 6th, 2021)
# Searches Results
1 hyperemesis gravidarum/ 3255

2
((*”nausea and vomiting”/ or hyperemesis.dj. or (*vomiting/ and *nausea/)) and 
(pregnancy/ or pregnancy complication/ or prenatal period/ or prenatal exposure/)) 
or ((*vomiting/ or *nausea/) and (prenatal exposure/ or prenatal period/))

828

3
(hypereme* adj15 (pregnanc* or pregnant or gestat* or gravidi* or gravidar* or 
trimester* or maternal or prenat* or pre-nat* or antenat* or ante-nat* or intrauterine 
or intra-uterine or in-utero)).tw,kw.

2498

4
((pernicious* or serious* or sever* or excessiv*) adj2 (vomiting or nause*) adj9 (gravidar* 
or gravidit* or gestat* or pregnanc* or pregnant or trimester*)).tw,kw.

424

5 (nausea adj2 vomit* adj3 pregnan*).tw,kw. 1162
6 or/1-5 [HG] 4971

7

apgar score/ or exp birth weight/ or crown rump length/ or cephalometry/ or exp fetus 
maturity/ or fetus outcome/ or fetus weight/ or live birth/ or exp perinatal morbidity/ or 
placenta weight/ or pregnancy outcome/ [“parameters concerning the fetus, newborn 
and pregnancy”]

273732

8 maternal exposure/ or prenatal exposure/ 28799

9

fetus/ or fetus brain/ or fetus heart/ or child/ or juvenile/ or exp infant/ or preschool 
child/ or school child/ or toddler/ or adolescence/ or adulthood/ or exp childhood/ 
or high school/ or kindergarten/ or middle school/ or primary school/ or pediatrics/ 
or progeny/ [fetus/child]

3547791

10
childhood mortality/ or embryo mortality/ or fetus mortality/ or infant mortality/ or 
exp perinatal mortality/ or prenatal mortality/ [child/fetus mortality]

69986

11

exp “immature and premature labor”/ or fetus disease/ or prenatal disorder/ or 
chorioamnionitis/ or dysmaturity/ or fetal malnutrition/ or fetus distress/ or fetus 
hypoxia/ or fetus malformation/ or exp hydramnios/ or exp intrauterine growth 
retardation/ or macrosomia/ or exp oligohydramnios/ or premature fetus membrane 
rupture/ or fetus wastage/ or spontaneous abortion/ or exp child death/ or embryo 
death/ or exp fetus death/ or perinatal death/ or placenta disorder/ or placenta 
insufficiency/ or solutio placentae/ or infant disease/ or newborn disease/ or 
dysmaturity/ or immaturity/ or large for gestational age/ or neonatal respiratory distress 
syndrome/ or neonatal stress/ or newborn apnea/ or newborn hypoxia/ or newborn 
infection/ or newborn sepsis/ or newborn vomiting/ or perinatal asphyxia/ or perinatal 
stress/ or prematurity/ or retrolental fibroplasia/ or newborn assessment/ or newborn 
intensive care/ or lung dysplasia/ or encephalomalacia/

453074
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Continued
# Searches Results

12

“growth, development and aging”/ or nerve cell differentiation/ or human 
development/ or adolescent development/ or language development/ or psychosocial 
development/ or speech development/ or exp postnatal development/ or prenatal 
development/ or embryo development/ or fetus development/ or fetal well being/ 
or fetus lung maturation/ or exp postnatal development/ or special education/ or 
exp sexual development/ or child behavior/ or neurobehavioral manifestations/ or 
neurodevelopment* outcome*.dq.

706313

13 adolescent health/ or child health/ 39074

14

behavior disorder/ or attention deficit disorder/ or congenital behavior disorder/ or 
exp disruptive behavior/ or oppositional defiant disorder/ or exp autism/ or exp tic/ or 
obsessive compulsive disorder/ or exp learning disorder/ or exp “disorders of higher 
cerebral function”/ or attention disturbance/ or developmental coordination disorder/ 
or exp intellectual impairment/ or language disability/ or exp developmental language 
disorder/ or developmental disorder/ or developmental delay/

1113944

15
behavior assessment/ or aptitude test/ or learning test/ or exp neuropsychological 
test/ or exp cognition assessment/ or developmental screening/

144565

16
“gender and sex”/ or gender/ or sex/ or sex difference/ or sex factor/ or sex ratio/ or 
exp sex determination/

833481

17 exp testis disease/ 79045
18 exp *congenital disorder/ or exp congenital disorder/et, ep 973317

19

congenital malformation/ or exp “head and neck malformation”/ or exp limb 
malformation/ or exp cardiovascular malformation/ or severe teratoid abnormality/ 
or exp nervous system malformation/ or exp digestive system malformation/ or exp 
male genital tract malformation/ or exp musculoskeletal system malformation/ or 
hydronephrosis/

797608

20 ((pregnancy or gestat*) adj outcom*).tw,kw. 41438

21
((perinat* or peri-nat* or birth*1 or childbirth* or deliver* or labo?r* or obstetric*) adj3 
outcome*).tw,kw.

52218

22
((perinat* or peri-nat*) adj3 (complicat* or health or morbidit* or cancer* or malignan* 
or neoplas*)).tw,kw.

14447

23
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj18 expos*).tw,kw.

39656

24 (maternal adj2 expos*).tw,kw. 10434

25
((prenat* or pre-nat* or antenat* or ante-nat* or in-utero or intra-uterine or intrauterine) 
adj3 (factor* or variabl* or parameter* or circumstanc* or condition*)).tw,kw.

8096

26
((prenat* or pre-nat* or antenat* or ante-nat* or intrauterine or intra-uterine or utero) 
adj life).tw,kw.

3478

27
(DOHAD* or FOAD* or (early adj3 origin*)).tw,kw. or (development* adj3 origin* adj4 
(health* or diseas* or adult)).tw,kw,jw.

6960

28 (offspring* or progeny or (born adj2 mother*)).tw,kw. 141617

29

(f?etal or f?etus* or neonat* or neo-nat* or new*born* or new-born* or child or 
child*1 or children* or schoolchild* or childhood or infant* or infanc* or toddler* or 
prekindergarten* or kindergarten* or preschool* or school-age* or schoolage* or 
high-school* or highschool* or elementary school* or graders or puber* or teens or 
teenager* or youth or juvenil* or adolescence or adulthood or young adult* or adult 
life or older age* or “early life” or later-life or “later in life”).tw,kw. [ child filter ]

3582830

8
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Continued
# Searches Results

30

(((perinat* or peri-nat* or intrauterin* or intra-uterin* or in-utero or prenat* or pre-nat* 
or antenat* or ante-nat*) adj3 (mortalit* or death* or demise)) or stillbirth* or stillborn* 
or asphyx* or miscarriag* or IUFD or (spontan* adj3 abort*) or ((embry* or pregnancy) 
adj2 loss*) or liveborn* or (live adj3 (birth* or born*))).tw,kw.

162175

31

(((intrauterin* or intra-uterin* or in-utero or prenat* or pre-nat* or antenat* or ante-nat*) 
adj3 (growth* or develop* or brain or movement*)) or ((intrauterin* or intra-uterin* or 
in-utero or prenat* or pre-nat* or antenat* or ante-nat*) adj12 growth adj2 (restrict* 
or retard*)) or FGR* or IUGR* or SFGR* or SIUGR*).tw,kw.

45264

32 (placent* adj3 (insufficien* or d*sfunct* or inflammat* or abruptio*)).tw,kw. 13730

33

((PROM and ruptur* and (membran* or amnio*)) or PPROM* or EPPROM*1 or ((prematur* 
or pre-matur* or i?matur* or preterm* or pre-term* or pre-labo?r or prelabo?r) adj6 
ruptur* adj4 (amnio* or membran*)) or chorioamn* or amnionit* or intraamnio* or 
funisit*).tw,kw. or (((ruptur* adj2 (amnio* or membran*)) or ROM).tw,kw. and (pregnan* 
or gestat* or gravidit* or trimester* or intrauterine* or intra-uterin* or in-utero or prenat* 
or pre-nat* or antenat* or ante-nat*).mp.)

21576

34
(prematurity or ((preterm* or pre-term* or prematur* or pre-matur*) adj3 (labo?r or 
deliver* or birth* or childbirth*)) or PTB or PTBs or TPTB* or SPTB* or VPTB* or EPTB* or 
PTL or TPTL* or PTD*).tw,kw.

126669

35
(((small* or large* or deliver* or labo?r* or birth or childbirth) adj4 gestat* adj2 (age 
or ages)) or (gestat* adj (“at birth” or “at deliver*”)) or birth age* or SGA or LGA).tw,kw.

51397

36

(((birth or births or childbirth* or born or parturit* or delivery or baby or babies or 
postnat* or post-nat* or perinat* or peri-nat* or intrauterine or intra-uterine or in-utero) 
adj2 (underweight* or weight* or overweight* or siz* or length*)) or birthweight* or 
LBW* or VLBW* or ELBW*).tw,kw.

123200

37

((((head or cephal* or body or arm or arms or leg*) adj4 (circumfer* or measur* or siz* or 
small* or larg*)) or cephalometr* or anthropometr* or body mass* or BMI) adj9 (birth or 
births or childbirth* or parturit* or delivery or baby or babies or postnat* or post-nat* 
or perinat* or per-nat* or intrauterine or intra-uterine or in-utero)).tw,kw.

16456

38

(neurodevelop* or ((brain or neurol* or neural or sex* or grow*) adj2 develop*) or 
“ages and stages” or DDST or (developmental adj4 (outcome* or test* or quotient* 
or index or indices or scor* or scale*)) or ((behav* or neurocognit* or cognit* or 
neurobehav* or neuropsychomot* or psychomotor* or psycho-motor* or neuromotor* 
or neuro-motor* or sensor?motor* or sensory motor* or visuomotor or visual motor or 
neuro-sensory or neurosensory) adj3 (abilit* or outcom* or problem* or develop*)) or 
((executive or motor) adj3 (function* or d#sfunc* or deficit* or problem*)) or interference 
control or psychointellect* or intellect* or intelligen* or IQ or DQ or psycholinguist* 
or linguist*).tw,kw.

645254

39
(((language or learning or speech or reading or memory) adj3 (skill* or test* or scale* 
or scor* or task* or cognitiv*)) or verbal skill* or wording or naming or (numeric* adj3 
memory) or 5-digit or digit-span or letter-digit).tw,kw.

149827
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Continued
# Searches Results

40

(Binet* or Wechsler* or WAIS or WASI* or WIAT* or WDD or WDR or WRR or WISC or 
(WISC* not Wisconsin*) or WPPSI* or WRIT or CANTAB or complex figure or RCF or 
RCOF or RCFOSS or GIT-2 or FSIQ or VIQ or PIQ or (assess* adj2 batter*) or ((mobile or 
assesment*) adj3 ABC) or m-ABC or mABC or kABC or CELF or (mental development 
adj3 (index or indic* or scor*)) or MDI or WJ-R or Ba?ley* or BSID* or NEPSY or Beery or 
Basic Concept Scale or BBCS* or CMS or continuous performance* or Serial Addition or 
PDI or RBMT or Stroop or CNT or PPVT* or Everyday Attention or TOMI or MPC or CNT 
or Trail Making or Brunet or LMT or LMTs or TMT or TMTs or TMTa or Achievement Test 
or WJ-SAT or WJ IV or WRAT* or sensory profil* or ITSP or SSP or SPNL or CBCL).tw,kw.

154869

41

(((female or male or women or men or males or ratio* or distribut* or proportion* 
or factor*) adj3 (sex or gender*)) or ((male or males) adj1 female*) or girls or boys or 
((deliver* or parturit* or birth or born*) adj2 (girl* or boy* or femal* or male or males))).
tw,kw.

476728

42
((testi* adj3 (cancer* or neoplas* or malignan* or tumo?r* or undescen* or descen*)) 
or cryptorch*).tw,kw.

50422

43
(congenit* or anomal* or malformat* or deformit* or d#smorph* or aplas* or d#splas* 
or hypoplas* or atres* or agenes*).tw,kw.

918817

44

((prenat* or pre-nat* or antenat* or ante-nat* or perinat or peri-nat* or birth or 
anatomic* or morphological* or isolated or chromosom* or nonchromosom* or cardiac 
or noncardiac or extracard* or cardio* or heart or outflow tract or OFT or conotrunc* or 
cono-trunc* or septal or septum or endocard* cushion* or atrioventric* or atrio-ventr* 
or AV or musc*skelet* or skelet* or bone or bones or osseous or spine or spinal or limb 
or limbs or extremit* or foot or feet or hand or hands or cranio* or orofacial or facial* 
or palat*2 or mouth or lip or lips or (digest* adj2 (system or tract*)) or GI or intestin* 
or duoden* or esophag* or oesophag* or trach*esophag* or abdominal or respirator* 
or pulmonar* or lung or diaphragm* or hemidiaphragm* or sex or sexual or genit* or 
urogenit* or kidney* or uret* or renal or bladder or neural-tube* or nervous system or 
CNS or brain) adj3 (abnormalit* or defect*1)).tw,kw.

273256

45

(Down* syndrome or CHD or Fallot* or Ebstein* or coarct* or (aort* adj1 arch*) or double 
outlet* or DORV or HLHS or HLV or HRHS or univentricular or uni-ventricular or single 
ventricle* or ((common arterial or arterios*) adj2 (trunk or truncus)) or VSD or (common 
adj3 (septum or septal) adj3 canal*) or AVSD or CAVC or scimitar* or TAPVC* or PAPVC* 
or encephaloc?el* or cephaloc?el* or meningoencephaloc?el* or notoencephaloc?ele 
or craniac?el* or ((cereb* or mening*) adj2 hernia*) or anencephal* or acrani* or 
aprosencephal* or ((spin* or cranium or crania) adj2 (bifid* or open)) or d#sraphi* 
or rachischis* or crani*-schis* or crani*schis* or myeloc?ele* or mening*myeloc?el* 
or hydrocephal* or hydro-cephal* or ventricul*-megal* or ventricul*megal* or 
holoprosencephal* or holo-prosencephal* or arhinencephal* or achondroplasi* or 
thanatophor* or osteochondrod#splas* or osteod#splast* or osteod#d#stroph* or 
chondrod#splas* or chondrod#stroph* or ((limb or limbs) adj2 reduct*) or talipes 
or clubfoot or club-foot or cleft or clefts or gastro?chis* or gastro-schis* or (umbilic* 
adj2 hernia*) or omphaloc?el* or exomphal* or ((cystic or polycyst* or multicyst*) 
adj2 (kidney* or (renal adj2 (diseas* or disorder*)))) or PKD or MCKD or megacystis 
or hydronephro* or Smith-Lemli-Opitz or micromelia or ectromeli* or (hydrops adj3 
f?etalis) or hypospad* or hip dislocat*).tw,kw.

352321

46 or/7-45 [ perinatal and long term offspring outcomes ] 8528197

8
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Continued
# Searches Results
47 6 and 46 [ HG + perinatal and long term offspring outcome] 2586

48

editorial/ or “systematic review”/ or (editorial or conference abstract or conference 
review).pt. or (editorial or reply or (case-report not case-report-survey) or two-cases 
or three-cases or four-cases or five-cases or 2-cases or 3-cases or 4-cases or 5-cases).ti. 
or cochrane.jw. or ((review.pt. or review/ or case report/ or case report*.jw. or (review 
or overview).ti. or (search* adj15 (literatur* or ((electronic* or medical or biomedical) 
adj3 database*) or medline or pubmed or embase or psyc?info or exhaustiv* or 
systematic*)).tw,kw.) not (cohort analysis/ or longitudinal study/ or prospective study/ 
or retrospective study/ or exp case control study/ or cross-sectional study/ or (case-
control* or cohort* or retrospectiv* or prospectiv* or crosssection* or cross-section* 
or population-based or ((chart* or record* or retrospectiv*) adj3 review*)).tw,kw.)) or 
((exp animal/ or animal experiment/ or exp animal model/ or nonhuman/ or exp female 
animal/) not human/) or exp veterinary medicine/ or animal*.jw. or (rodent* or rabbit* 
or mice or mouse or murine or rat or rats or (animal* adj3 (experiment* or model))).ti. 
[ filter for original human studies ]

17746737

49
47 not 48 [ HG + perinatal and long term offspring outcome - original human 
studies ]

1248

50
Remove duplicates from 49 [ HG + perinatal and long term offspring outcome 
-original human studies - duplicates removed ]

1231

51
50 not medline.cr. [ HG + perinatal and long term offspring outcome - original 
human studies - duplicates removed - embase records only ]

1046

Supplement Figure S1. Sensitivity analysis – meta-analysis including studies from the USA

Supplement Figure S2. Sensitivity analysis – meta-analysis including cohort studies
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Supplement Figure S3. Sensitivity analysis – meta-analysis testicular cancer (minus study Depue)

Supplement Figure S4. Sensitivity analysis – meta-analysis testicular cancer (minus study Hen-
derson)

Supplement Figure S5. Sensitivity analysis – meta-analysis testicular cancer (minus study Petridou)

Supplement Figure S6. Sensitivity analysis – meta-analysis testicular cancer (minus study Swerd-
low)

8
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Supplement Figure S7. Sensitivity analysis – meta-analysis testicular cancer (minus study Vandraas)

Supplement Table S1. Overview of results of included studies reporting on anthropometry and 
cardiometabolic health

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

P Adjusted 
results

(β (95% CI))

Anthropometry
Height
Ayyavoo (SD) 36/78 0.61 (0.31-0.91)* 0.36 (0.04-0.68)* 0.09 -
Gu – females (SD) 104/893 - - <0.05 -
Gu – males (SD) 128/1049 - - NS -
Koot (cm) 42/6,462 169.4 ± 10.4 169.3 ± 8.4 0.99 -0.22 (-2.06;1.63)
Ong – females (SD) 112/563 - - NS -
Ong – males (SD) 78/609 - - <0.05 0.64 (0.23;1.04)
Weight
Gu – females (SD) 104/893 - - <0.05 -

Gu – males (SD) 128/1049 - - NS -
Ong – females (SD) 112/563 - - <0.05 -0.53 (-1.03;-0.03)
Ong – males (SD) 78/609 - - <0.05 0.57 (0.05;1.08)
Poeran (g) 462/4,760 9,838 ± 1712 9,581 ± 1440 <0.05 Not performed
BMI
Ayyavoo (SD) 36/78 0.22 (-0.19 to 

0.64)*
0.40 (-0.01 to 0.82)* 0.47 -

Koot (kg/m2) 42/6,462 20.5 (19.4-24.4) 20.5 (18.9-22.6) 0.36 2.5 (-2.0;7.3)
Ong – females (SD) 112/563 - - <0.05 -0.57 (-1.09;-

0.05)
Ong – males (SD) 78/609 - - NS
Poeran (kg/m2) 462/4,760 16.8 ± 2.4 16.2 ± 1.8 <0.05  0.08 

(0.00;0.17)
Absolute fat mass †
Ayyavoo (%) 36/78 21.9 (18.8-25.0)* 21.5 (18.3-24.6)* 0.82 -
Poeran (%) 450/4,627 0.27 ± 0.06 0.25 ± 0.06 <0.05 0.12 

(0.03;0.20)
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Supplement Table S1. Overview of results of included studies reporting on anthropometry and 
cardiometabolic health. Continued

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

P Adjusted 
results

(β (95% CI))

Android/gynoid fat mass ratio
Ayyavoo (%) 36/78 0.60 (0.53-0.68)* 0.64 (0.56-0.72)* 0.48 -
Poeran (%) 450/4,627 0.27 ± 0.08 0.25 ± 0.06 <0.05 0.11 

(0.02;0.21)
Waist/hip ratio
Koot 42/6,462 0.80 ± 0.1 0.80 ± 0.1 0.60 0.00 (-0.01;0.01)
Preperitoneal fat mass area ‡
Poeran (cm2) 450/4,627 0.54 (0.51-0.58) 0.45 (0.44-0.46) <0.05 0.10 

(0.00;0.20)
Blood pressure

Systolic blood pressure
Koot (mmHg) 42/6,462 118 ± 14 116 ± 13 0.26 1.44 (-1.89;4.78)
Poeran (mmHg) 433/4,370 103.8 ± 8.8 102.4 ± 8.1 <0.05 0.02 (-0.08;0.12)
Diastolic blood pressure
Koot (mmHg) 42/6,462 69 ± 7 68 ± 8 0.39 0.68 (-1.62;2.97)
Poeran (mmHg) 433/4,370 61.4 ± 7.3 60.5 ± 6.7 <0.05 0.03 (-0.08;0.13)

Laboratory measures
Apolipoprotein A1 and B
Koot - Apo A1 
(mmol/L)

36/5,612 1.38 ± 0.2 1.36 ± 0.2 0.57 0.03 (-0.03;0.09)

Koot - Apo B 
(mmol/L)

36/5,612 0.71 ± 0.2 0.67 ± 0.2 0.11 0.04 (-0.01;0.10)

HDL
Ayyavoo (mmol/L) 36/78 1.27 (1.15-1.40)* 1.35 (1.21-1.48)* 0.35 -
Koot (mmol/L) 36/5,612 1.40 ± 0.2 1.41 ± 0.3 0.79 0.01 (-0.10;0.10)
Poeran (mmol/L) 297/3,157 1.4 ± 0.3 1.3 ± 0.3 0.13 Not performed
LDL
Ayyavoo (mmol/L) 36/78 2.34 (2.08-2.60)* 2.15 (1.87-2.43)* 0.25 -
Koot (mmol/L) 36/5,612 2.38 ± 0.5 2.25 ± 0.6 0.17 0.12 (-0.06;0.30)
Poeran (mmol/L) 298/3,154 2.4 ± 0.5 2.4 ± 0.6 0.61 Not performed
Total cholesterol
Ayyavoo (mmol/L) 36/78 3.90 (3.62-4.18)* 3.89 (3.60-4.19)* 0.96 -
Koot (mmol/L) 36/5,612 4.38 ± 0.7 4.26 ± 0.8 0.37 0.12 (-0.06;0.30)
Poeran (mmol/L) 298/3,152 4.2 ± 0.6 4.2 ± 0.6 0.69 -0.04 (-0.17;0.09)
Triglycerides
Koot (mmol/L) 36/5,612 0.71 (0.6-1.0) 0.70 (0.6-0.9) 0.80 -2.3 (-12.9;16.2)
Poeran (mmol/L) 295/3,143 1.1 (1.0-1.1) 1.1 (1.0-1.1) 0.71 0.02 (-0.11;0.15)

8
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Supplement Table S1. Overview of results of included studies reporting on anthropometry and 
cardiometabolic health. Continued

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

P Adjusted 
results

(β (95% CI))

Insulin
Ayyavoo (fasting; 
mIU/L)

36/78 6.88 (5.56-8.50)* 5.04 (4.04-6.28)* 0.02 -

Koot (fasting; mU/L) 36/5,612 9.40 (7.0-12.1) 8.80 (6.9-11.4) 0.28 7.1 (-5.2;21.2)
Poeran (pmol/L) 293/3,126 146.5 (134.1-158.9) 137.9 (134.2-141.5) 0.16 0.09 (-0.04;0.21)
Glucose
Ayyavoo (fasting; 
mg/dL)

36/78 4.76 (4.63-5.88)* 4.71 (4.58-4.84)* 0.55 -

Koot (mmol/L) 36/5,612 5.30 (5.1-5.5) 5.20 (4.9-5.5) 0.06 2.3 (-0.6;5.3)
C-peptide
Poeran (nmol/L) 296/3,135 1.0 (1.0-1.1) 1.0 (1.0-1.1) 0.93 Not performed
HOMA-IR
Koot 36/5,612 2.28 (1.7-3.2) 2.06 (1.6-2.7) 0.24 13.0 (-0.6;31.0)
Insulin sensitivity §
Ayyavoo 36/78 8.49 × 10-4min-1* 10.60 × 10-4min-1* 0.01 -
Other (all Ayyavoo)
-IGF-I (ng/mL) 36/78 181 (156-207)* 183 (157-209)* 0.88 -
-IGF-II (ng/mL) 36/78 651 (610-693)* 668 (624-711)* 0.54 -
-IGFBP-1 (ng/mL) 36/78 11.8 (7.9-15.6)* 19.0 (15.1-22.8)* <0.01 -
-IGFBP-3 (ng/mL) 36/78 2955 (2657-3254)* 3435 (3122-3749)* 0.01 -
-Baseline Cortisol 
(nmol/L)

36/78 256 (224-292)* 210 (184-241)* 0.02 -

Statistically significant results are marked in bold (P<0.05). *Presented as adjusted means with 95% CI, due to missing 
descriptive statistics. † DEXA derived. ‡ Derived by abdominal ultrasound. § Assessed by a 90 minute frequent sampling iv 
glucose tolerance test. Abbreviations: β: beta regression coefficient. 95% CI: 95% confidence interval. HDL: high density 
lipoprotein. IGF (BP): Insulin-like growth factor (binding protein). LDL: low density lipoprotein. NS: not significant.
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Supplement Table S2. Overview of results of included studies reporting on cognitive and motor 
development

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies 

(%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies (%))

P Other results
(mean difference 
(95% CI); OR (95% 
CI); HR (95% CI))

Cognitive scores
Wang – USA cohort (NIH 
toolbox)

1,496/9,214 83.7 ± 9.12 86.9 ± 8.94 <0.001 -

Syn (Bayley-III) 69/482 100.2 
(96.5;103.9)†

105.6 
(102.6;108.5)†

- MD -5.4 (-10.1;-
0.6)*

Total IQ score
Syn (KBIT) 65/469 92.5 

(88.2;96.7)†
93.5 (90.3;96.8)† - MD -1.0 (-6.4;4.4)*

Koren (WISC-R) 22/241 108.7 114.2 0.05 -
Learning disorders
Fejzo 2015 203/292‡ 12.3% 3.4% 0.03 OR 4.03 

(1.36;17.24)
Mullin 87/259 3 (3.4%) 3 (1.7%) - -
Speech/language problems
Fejzo 2015 (speech/
language)

203/292‡ 24.1% 11.2% 0.02 OR 2.51 
(1.43;31.83)

Mullin (speech) 87/259 1 (1.1%) 0 (0%) - -
Syn (Bayley-III, language) 69/482 95.7 

(91.6;99.9)†
97.2 

(93.8;100.5)†
- MD -1.4 (-6.7;3.9)*

Sensory disorder
Fejzo 2015 203/292‡ 19.7% 9.0% 0.04 OR 2.51 

(1.43;31.83)
Fejzo 2019 267/360 20.2% 8.6% 0.01 OR 2.69 

(1.23;5.90)
Motor score
Syn (Bayley-III) 69/475 103.2 

(99.3;107.1)†
108.0 

(104.8;111.2)†
- MD -4.8 (-9.8;0.3)*

Developmental disorders §
Wang – Danish cohort 14,189/ 

1,109,370
55 (0.4%) 3362 (0.3%) - HR 1.33 (1.02-

1.75)*
Statistically significant results are marked in bold (P<0.05). * Adjusted results. † Presented as unadjusted means with 95% CI, 
due to missing descriptive statistics. Severe NVP and no NVP group as control are shown (mild to moderate NVP group is not 
presented). ‡ Frequencies displayed are families with children exposed to HG/total number of families included in study. § 
Developmental disorders includes language, learning, and motor skills disorders. Abbreviations: Bayley-III: Bayley Scales of 
Infant and Toddler Development, Third Edition. HR: hazard ratio. KBIT: Kaufman Brief Intelligence Test. MD: mean difference. 
NIH Toolbox: NIH Toolbox Cognition Battery. OR: odds ratio. WISC-R: Wechsler Intelligence Scale for Children-Revised.
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Supplement Table S3. Overview of results of included studies reporting on mental health and 
neurobehavioral development

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies 

(%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies 

(%))

P Other results
(β (95% CI); mean 
difference (95% 
CI); OR (95% CI); 

HR (95% CI))
Mental health

Emotional disorder
Mullin 87/259 1 (1.1%) 0 (0%) - -
Wang – Danish cohort 14,189/ 

1,109,370
44 (0.3%) 2884 (0.3%) - HR 1.33 

(0.98;1.89)*
Affective disorder
Syn (CBCL, 2 yr) † 55/393 3.2 (2.4;4.1)‡ 2.1 (1.4;2.7)‡ <0.05 MD 1.2 (0.1;2.2)*
Syn (CBCL, 4 yr) † ¶ 111/657 2.8 (2.3;3.4)‡ 2.1 (1.6;2.6)‡ <0.05 MD 0.8 (0.0;1.5)*
Anxiety
Fejzo 2019 267/360 30.0% 21.5% 0.01 OR 2.23 

(1.21;4.10)
Mullin 87/259 6 (6.9%) 4 (2.3%) - -
Wang – USA cohort (CBCL) † 1,496/9,214 2.63 ± 2.69 1.95 ± 2.36 <0.001 -
Syn (CBCL, 4 yr) † ¶ 111/657 3.7 (3.1;4.3)‡ 2.9 (2.4;3.3)‡ <0.05 MD 0.6 (0.0;1.2)*
Depression
Mullin 87/259 14 (16.1%) 5 (2.9%) - OR 6.35
Wang – USA cohort (CBCL) † 1,496/9,214 1.65 ± 2.41 1.18 ± 1.91 <0.001 -
Bipolar disorder
Mullin 87/259 7 (8.0%) 3 (1.7%) - OR 4.90
Social developmental delay/ social anxiety
Fejzo 2015 203/292 § 10.3% 2.3% 0.03 OR 5.02 

(1.43;31.83)
Fejzo 2019 267/360 13.9% 4.30% 0.02 OR 3.58 

(1.24;10.33)
Neurobehavioral development

ASD (symptoms)
Fejzo 2019 267/360 8.2% 0.0% 0.048 -
Getahun 14,526/ 

455,263
332 (2.3%) 8115 (1.8%) - HR 1.53 

(1.37;1.70)*
Hisle-Gorman 2,459/35,040 712 (29.0%) 8,399 (25.8%) - OR 1.10 (1.02–

1.18)*
Wang – Danish cohort 14,189/ 

1,109,370
232 (1.6%) 17,478 (1.6%) - HR 1.19 

(1.05;1.36)*
Syn (Q-CHAT) 24/228 38.8 (35.5;42.0)‡ 34.7 (32.4;37.0)‡ <0.05 MD 4.1 (0.1;8.0)*
Autism
Mullin 87/259 0 (0%) 1 (0.6%) - -
Wang – Danish cohort 14,189/ 

1,109,370
100 (0.7%) 6877 (0.6%) - HR 1.19 

(0.97;1.45)*
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Supplement Table S3. Overview of results of included studies reporting on mental health and 
neurobehavioral development. Continued

Study HG-
exposed/ 

total 
sample 

size

HG-exposed
(mean ± SD; 

median (IQR); 
frequencies 

(%))

Non-exposed
(mean ± SD; 

median (IQR); 
frequencies 

(%))

P Other results
(β (95% CI); mean 
difference (95% 
CI); OR (95% CI); 

HR (95% CI))
ADD/ADHD
Fejzo 2015 203/292 § 18.7% 5.6% 0.01 OR 3.87 

(1.56;11.55)
Fejzo 2019 267/360 22.9% 11% 0.01 OR 2.46 

(1.20;5.03)
Wang – Danish cohort 14,189/ 

1,109,370
- HR 1.16 

(1.06;1.28)*
ADHD (symptoms)
Mullin 87/259 3 (3.4%) 4 (2.3%) - -
Syn (CBCL, 2 yr) † 55/393 5.8 (4.9;6.7)‡ 4.3 (3.6;5.0)‡ <0.05 MD 1.5 (0.4;2.6)*
Wang – USA cohort (CBCL) † 1,496/9,214 3.10 ± 3.21 2.45 ± 2.86 <0.001 -
ADD
Mullin 87/259 1 (1.1%) 4 (2.3%) - -

Conduct disorders/ Oppositional defiant disorders
Wang – Danish cohort 14,189/ 

1,109,370
29 (0.2%) 2024 (0.2%) - HR 1.06 

(1.71;1.57)*
Conduct score
Wang – USA cohort (CBCL) † 1,496/9,214 1.69±2.79 1.15±2.17 <0.001 -
Oppositional defiant disorders
Wang – USA cohort (CBCL) † 1,496/9,214 2.12±2.20 1.67±1.97 <0.001 -
Sleep problems
Fejzo 2019 267/360 16.1% 6.5% 0.02 OR 2.78 

(1.14;6.77)
Mullin 87/259 1 (1.1%) 0 (0%) - -
Syn (ITSEA, 1 yr) 85/530 3.3 (2.7;3.8)‡ 2.4 (1.9;2.8)‡ <0.05 MD 0.9 (0.2;1.6)*
Syn (CBCL, 2 yr) † 55/393 3.7 (2.9;4.5)‡ 2.6 (2.0;3.3)‡ <0.05 MD 1.1 (0.1;2.1)*
Somatic problems
Wang – USA cohort (CBCL) † 1,496/9,214 1.34±1.68 1.05±1.47 <0.001 -
CBCL (total score)
Wang – USA cohort 1,496/9,214 22.74 ± 20.8 17.02 ± 16.9 <0.001 -

Statistically significant results are marked in bold (P<0.05). * Adjusted results. † Only reported DSM subcategories of CBCL due 
to extensiveness of questionnaire (20 subdomains). ‡ Presented as unadjusted means with 95% CI, due to missing descriptive 
statistics. Severe NVP and no NVP group as control are shown (mild to moderate NVP group is not presented). ¶ Only present 
in maternal, not paternal report. § Frequencies displayed are families with children exposed to HG/total number of families 
included in study. Abbreviations: ADD: Attention Deficit Disorder. ADHD: Attention Deficit Hyperactivity Disorder. ASD: 
Autism Spectrum Disorder. CBCL: Child Behaviour Checklist. HR: hazard ratio. ITSEA: Infant-Toddler Social and Emotional 
Assessment. MD: mean difference. OR: odds ratio. Q-CHAT: Quantitative Checklist for Autism in Toddlers.
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ABSTRACT

The present study aimed to investigate the association between hyperemesis gravidarum (HG) 

severity and the effect of early enteral tube feeding on cardiometabolic markers in offspring 

cord blood. 

We included women admitted for HG, who participated in the MOTHER randomized controlled 

trial (RCT) and observational cohort. The MOTHER RCT showed that early enteral tube feeding 

in addition to standard care did not affect symptoms or birth outcomes. Among RCT and 

cohort participants, we assessed how HG severity affected lipid, c-peptide, glucose and free 

thyroxine cord blood levels. HG severity measures were: severity of vomiting at inclusion and 

three weeks after inclusion, pregnancy weight gain and 24-hour energy intake at inclusion, 

readmissions and duration of hospital admissions. Cord blood measures were also compared 

between RCT participants allocated to enteral tube feeding and those receiving standard care. 

Between 2013-2016, 215 women were included: 115 RCT and 100 cohort participants. Eighty-one 

cord blood samples were available. Univariable, not multivariable regression analysis showed 

that lower maternal weight gain was associated with higher cord blood glucose levels (β:-0.08, 

95% CI:-0.16;-0.00). Lower maternal weight gain was associated with higher apolipoprotein-B 

cord blood levels in multivariable regression analysis (β:-0.01, 95% CI:-0.02;-0.01). No associations 

were found between other HG severity measures or allocation to enteral tube feeding and 

cord blood cardiometabolic markers. 

In conclusion, while lower maternal weight gain was associated with higher apolipoprotein-B 

cord blood levels, no other HG severity measures were linked with cord blood cardiometabolic 

markers, nor were these markers affected by enteral tube feeding.
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INTRODUCTION

Hyperemesis gravidarum (HG) is a severe form of nausea and vomiting in pregnancy that affects 

up to 3.6% of pregnancies.1 HG can lead to poor nutritional intake and significant weight loss.2, 3.

Maternal undernutrition during pregnancy has been demonstrated to lead to detrimental 

effects on offspring cardiometabolic disease risk in later life, for example among adults exposed 

to maternal starvation while they were in utero during the Dutch Famine.4-6 Early cardiometabolic 

disease markers are known to track through childhood into adulthood, enabling estimates of 

cardiometabolic diseases to be made in childhood, or even in infancy.7 Cord blood lipid profile, 

glucose insulin metabolism and thyroid function have been demonstrated to provide such a 

window into the future.8-10

The nutritional intake of pregnant women with HG, which studies estimate to be as low as 

450-1000 calories per day, falls drastically short of the recommendations.11 Effects of HG on 

offspring’s health in later life therefore seem likely, but have sparsely been studied.12 In the 

limited literature available on the topic of long term effects of HG on offspring, a wide range 

of HG definitions and outcomes were employed, and little information was collected on the 

role of maternal nutrition.13-16 This is of particular relevance as nutritional supplementation is 

not generally included in HG clinical management plans.17 The role of maternal nutrition in HG, 

or the role of HG disease severity on offspring health in later life has not been investigated, nor 

has the ability of nutritional supplementation to amend such effects.

Therefore, in this study, we aimed to investigate whether HG severity could affect 

cardiometabolic markers in offspring cord blood, as well investigating the effect of early enteral 

tube feeding on these markers.

9
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METHODS

Study design
For this study, we used data from the Maternal and Offspring outcomes after Treatment of 

HyperEmesis by Refeeding (MOTHER) study.18 The MOTHER trial, a multicentre open-label 

randomized controlled trial (RCT), aimed to evaluate the effect of early enteral tube feeding in 

addition to standard care for women hospitalized with HG. Beside this RCT, an observational 

cohort was assembled of eligible women who declined participation in the RCT, but did 

consent to cohort participation. For more detailed information about the MOTHER study 

methodology, we refer to the corresponding study protocol and earlier published work.18, 19 

Participants of both RCT and cohort were asked to provide informed consent for collection of 

maternal and umbilical cord blood for biobanking. The MOTHER study was registered at www.

trialregister.nl (NTR4197) and approved by the research ethics committee of the Amsterdam 

UMC, location AMC (NL41011.018.12).

Population
Women admitted to hospital for HG between 5 and 20 weeks gestation were included 

in 19 different hospitals in the Netherlands: three university medical centres and sixteen 

general hospitals that collaborated within the Dutch Consortium for studies in Obstetrics 

and Gynaecology. In our study, HG was defined as excessive vomiting necessitating hospital 

admission before 20 weeks gestation, and in the absence of any other causes of vomiting. 

Exclusion criteria were: molar or non-vital pregnancies, maternal HIV, any contra-indication for 

enteral tube feeding and age <18 years. Eligible participants were identified by local staff of 

participating hospitals. Multiple pregnancies were excluded for the present cord blood study, 

because of the possibility that this could have independently affected offspring cord blood 

measures.

Data collection
Medical information was obtained from medical files by trained research staff and reported in 

a case report form. This case report form included detailed information about demographic 

characteristics as age, parity, gestational age and medical history as well as information about 

pregnancy and delivery. Preterm birth was defined as birth before the 37th week of gestation. 

Neonates were considered small for gestational age (SGA) if their birth weight was below the 

10th percentile according to the Dutch reference curves for birth weight by gestational age.20 

Pre-pregnancy weight, height, ethnicity and education level at baseline were self-reported. Pre-

pregnancy BMI was calculated. Ethnicity was based on the country of birth of the participant’s 
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mother and for this study defined as Western (including participants from Organisation for 

Economic Co-operation and Development (OECD) countries) or non-Western.21 Education 

level was defined as the highest completed education: primary or secondary school versus 

higher education. Weight (in kg) at inclusion was measured by hospital staff. Participants 

also recorded a weekly diary until 20 weeks gestation including symptom severity, maternal 

weight and a comprehensive dietary intake list. Symptom severity was measured by a validated 

questionnaire: the Pregnancy Unique Quantification of Emesis and nausea (PUQE-24) score; 

higher PUQE-24 scores indicate more severe symptoms and have previously been associated 

with a lower nutritional intake.3, 22

Data collection on nutritional intake
MOTHER participants kept a weekly self-reported, 24-hour food diary, as shown in Supplement 

Figure A1. The food diary consisted of a list of pre-specified food products, with the ability 

to specify non-listed food products among ‘others’. Intake of food products could be filled 

in in millilitres as well as in pieces at six different moments. In collaboration with a dietician, 

databases of the Dutch National Institute for Public Health and the Environment (RIVM) were 

used to determine standard portion sizes and the corresponding energy content (kcal) of 

reported food products (Supplement Table A1).23-25 Eventually, a 24-hour energy intake was 

calculated per women by adding up caloric quantities of the consumed food products. More 

detailed information about how dietary intake was collected and energy intake was calculated 

is shown in Appendix A. According to the Dutch guidelines, a 24-hour energy intake of at least 

the recommended 1870 kcal was considered normal for pregnant women.26 This is based on 

85% of the average daily energy intake in Dutch pregnant women, which is advised to be used 

as cut-off for the recommended daily intake by the Netherlands Nutrition Centre, since this has 

previously been shown to lead to a sufficient intake of essential recommended micronutrients, 

fibres and fatty acids.26, 27

Maternal and umbilical cord blood samples
Random maternal blood samples were drawn during admission after study entry. Umbilical 

cord blood was taken after delivery, collected in a 20 millilitres (ml) syringe and then divided 

over five different blood aliquots of 4 ml each: one EDTA tube, one heparin tube, one sodium 

fluoride tube and two serum tubes. Both maternal and cord blood samples were then 

transported and stored in one central laboratory at -80 degrees until assayed. For this study, 

frozen stored samples were analysed in August 2019, 3 to 6 years after blood collection. We 

analysed apolipoprotein A1 (Apo-A1), apolipoprotein B (Apo-B), Low Density Lipoprotein (LDL), 

High Density lipoprotein (HDL), total cholesterol, triglycerides, c-peptide and free thyroxine 

9
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(FT4) in serum cord blood samples. Cord blood glucose was analysed in sodium fluoride blood 

samples to prevent rapid glycolysis and therefore an underestimating of glucose levels. We also 

analysed maternal lipid profile and FT4 at baseline in frozen stored maternal blood samples. Apo 

A1 and Apo B were measured on an Architect ci8200 with use of immunoturbidimetric assay 

(Abbott Laboratories, Illinois), with an intra-assay coefficient of variation (CV) of respectively 

0.8% and 1.4% and an inter-assay CV of 1.6% and 2.4 %. Total cholesterol was measured on a 

Roche Cobas 502 by use of photometric assay tests (Roche Diagnostics, Mannheim, Germany) 

with an intra-assay CV of 1.1% and an inter-assay CV of 1.6%. HDL, triglycerides and glucose were 

measured on a Roche Cobas 702 by use of photometric assay (Roche Diagnostics, Mannheim, 

Germany) with intra-assay CV of 1.0%, 0.9% and 0.8% and inter-assay CV of 1.3%, 2.0% and 1.3%, 

respectively. LDL was calculated by subtracting the HDL concentration and 0.45 times the 

triglycerides concentration of the total cholesterol concentration. C-peptide was measured with 

luminescence immunometric assay on a Advia Centaur analyser (Siemens Medical Solutions 

Diagnostics, Malvern, United States of America), with an intra-assay CV of 5% and an inter-

assay of 7%. FT4 was measured by a Roche Cobas e602 immuno-analyser (Roche Diagnostics, 

Mannheim, Germany) with an intra-assay CV of 2.0% and an inter-assay of 2.2 %.

Determinants: measures of HG severity
We assessed HG severity as the severity of vomiting at inclusion (PUQE-24) and in the first three 

weeks after inclusion (average PUQE-24), the 24-hour energy intake at inclusion, weight change 

at inclusion compared to pre-pregnancy weight, duration of hospital admissions, readmissions 

and readmission after the first trimester.

Statistical analysis
Due to the fact that early enteral tube feeding did not affect perinatal and maternal outcomes, 

we combined the RCT and cohort into one study population to assess associations between 

HG severity and cord blood outcomes.18 SPSS Statistics 26.0 for Windows (IBM Corp., Armonk, 

NY, USA) was used for all analysis.

Descriptive statistics

Normally distributed continuous variables are presented as means with standard deviations 

(SDs), skewed distributions as medians with interquartile ranges (IQRs) and categorical variables 

as frequencies with percentages. For FT4 levels we were able to report how many neonates 

had an FT4 level below (<12.0 pmol/l) or above (>36.0 pmol/l) the national Dutch cord blood 

reference interval.28 No corresponding reference intervals are available for any of the other 
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endocrine or lipid measures in cord blood, therefore we have reported these as continuous 

measures.

Associations between disease severity and cord blood outcomes

We performed univariable and multivariable linear regression analysis to assess associations 

between measures of HG severity and endocrine and lipid measures in cord blood. After 

assessing the effect of HG severity and other maternal and perinatal factors on endocrine and 

lipid measures in cord blood in univariate analyses, maternal and perinatal factors associated 

with endocrine and lipid measures in cord blood with a P-value below 0.2 on univariable 

analysis were considered for assessment in multivariable regression models. HG severity was 

kept as the primary determinant. In the multivariable model for the association of HG measures 

of severity on cord blood lipid measures, we adjusted for preterm birth, smoking, ethnicity, 

maternal diabetes (gestational, type I or II) and maternal lipid profile at study inclusion (i.e. 

maternal Apo-A1, Apo-B, HDL, LDL, total cholesterol or triglycerides, depending on which cord 

blood lipid profile measure was analysed). In the multivariable model for the association of HG 

measures of severity on cord blood glucose insulin metabolism (i.e. c-peptide and glucose), 

we adjusted for preterm birth, SGA, maternal age and pre-pregnancy BMI. In the multivariable 

model for the association of HG measures of severity on cord blood FT4, we adjusted for 

smoking, highest finished education and maternal FT4 levels at study inclusion. Associations 

between HG measures of severity and variables that were normally distributed were reported 

in differences (β) and 95% confidence intervals (95% CIs). Variables of which residuals were not 

normally distributed were logarithmically transformed to achieve normality before entry into 

the multivariable models. Subsequently these variables were back-transformed and reported 

in proportionate differences (β) and 95% CIs (in percentages).

Effect of nutritional supplementation

The effect of nutritional supplementation was evaluated in the RCT study population alone. 

We separately performed intention-to-treat, per protocol and ‘as treated’ analyses, in which 

the cord blood endocrine and lipid measures of patients in the RCT were reported according 

to allocation group to which they had been randomized (intention-to-treat), according to 

allocation and adherence to protocol (per protocol) or according to treatment with enteral 

tube feeding (‘as treated’). For eligibility for the per protocol analysis, participants allocated to 

the intervention arm had to have received a nasogastric tube within 3 days after randomization 

and continued for 7 days or longer, and, participants allocated to standard care had to have 

received standard care alone in the first 3 days after randomization. For the ‘as treated’ analysis, 

participants allocated to the intervention arm had to have received nasogastric tube within 

9
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7 days after randomization and continued for 7 days or longer while participants allocated to 

standard care had to have received standard care alone in the first 7 days after randomization. 

Chi-square test, Mann-Whitney U test and independent Student’s t test were used for statistical 

analyses.

Sensitivity analysis

A sensitivity analysis was performed to assess selective participation, by looking for differences 

in baseline characteristics and measures of HG severity between women with and without 

cord blood samples available.

Power calculation

A power calculation was performed for the original MOTHER study to determine the sample 

size of the RCT: 120 participants were randomised, based on finding a mean difference in birth 

weight of 200 gram between the two intervention arms.18 A post-hoc power calculation for this 

study was not performed, since there was already a set number of cord blood samples available 

together with the fact that post-hoc power calculations for multiple regression analysis 

are based on the coefficient of determinations (R2), which differ for each of the performed 

multivariable regression analyses.

RESULTS

Between 2013 and 2016, 215 women participated in the MOTHER study: 115 participants in the 

RCT and 100 participants in the observational cohort. From the 210 singleton pregnancies, 

we had 81 cord blood samples available as shown in Figure 1. Baseline characteristics and 

outcomes of women included in this study are shown in Table 1. The median 24-hour 

energy intake at inclusion was 435 kcal (IQR 152-1021). Sixty two out of 67 women (92.5%) for 

whom 24-hour energy intake was available, had a 24-hour energy intake that fell short of the 

recommended daily intake (1870 kcal).26

Sensitivity analysis showed that women with cord blood samples available had higher maternal 

triglyceride levels at inclusion (median 0.83; IQR 0.64-1.18 mmol/L) than women without cord 

blood samples available (median 0.75; IQR 0.61-1.02 mmol/L, P-value 0.045). (Supplemental 

Table S1). Further baseline characteristics and outcome measures did not differ.
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Maternal and perinatal factors and their association with endocrine and 
lipid measures in cord blood

Univariable regression analyses assessing associations between maternal and perinatal factors 

and each of the endocrine and lipid measures are presented in Supplemental Table S2. 

Higher maternal prepregnancy BMI was associated with higher c-peptide levels in cord blood 

(β 0.01, 95% CI: 0.00;0.01). Smoking was associated with higher cord blood Apo-B (β 0.13, 95% 

CI: 0.01;0.25) and higher LDL levels (β 0.46, 95% CI: 0.06;0.87). Maternal gestational diabetes, 

diabetes type I or II during pregnancy was associated with higher Apo-B (β 0.20, 95% CI: 

0.06;0.33), higher LDL (β 0.77, 95% CI: 0.23;1.31) and higher total cholesterol levels in cord blood 

(β 0.85, 95% CI: 0.11;1.60). No associations were found between maternal age, ethnicity, highest 

completed educational level and maternal hypo- or hyperthyroidism and any of the endocrine 

and lipid measures in cord blood.

Regarding perinatal risk factors for endocrine and lipid measures in cord blood, we found that 

preterm birth was associated with higher Apo-B (β 0.18, 95% CI: 0.05;0.30) and higher total 

cholesterol levels in cord blood (β 0.75, 95% CI: 0.17;1.34). Preterm birth was also associated with 

lower cord blood LDL levels (β -0.66, 95% CI: -1.08;-0.24). No associations were found between 

SGA or fetal sex and any of the endocrine and lipid measures in cord blood.

9
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Figure 1. Flowchart available cord blood samples
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Table 1. Baseline characteristics and outcome measures of women included in this study

N=81 Missing, %

Demographics

Age (years) 28.3 ± 4.2 0.0%

Prepregnancy weight (kg) 73.4 ± 15.2 2.5%

Prepregnancy BMI (kg/m2) 25.5 ± 4.8 2.5%

Non-western ethnicity 18 (22.2%) 9.9%

Education level 19.8%

- Primary or secondary 38 (46.9%)

- Higher 27 (33.3%)

Primigravida 27 (33.3%) 0.0%

Maternal diabetes (gestational, type I or II) 4 (4.9%) 0.0%

Maternal thyroid disease 4 (4.9%) 0.0%

Current smoker 7 (8.6%) 2.5%

Gestational age at onset of HG symptoms (wks) 6.0 (5.0-7.0) 18.5%

Gestational age at inclusion (wks) 9.0 (7.0-11.0) 0.0%

Measures of HG severity

Weight change (kg) -3.0 ± 3.8 2.5%

24-hour energy intake at inclusion (kcal) 435 (152-1021) 17.3%

Below recommended daily intake (<1870 kcal) 62 (76.5%) 17.3%

PUQE-24 at inclusion 10.4 ± 3.2 23.5%

Average PUQE-24 in the first three weeks after inclusion 8.7 ± 2.9 27.2%

Total duration of hospital admissions (days) 5.0 (3.0-7.0) 0.0%

Readmission 27 (33.3%) 0.0%

Readmission after the first trimester 21 (25.9%) 0.0%

Perinatal outcomes

Birth weight (grams) 3315 ± 513 0.0%

SGA (birth weight <10th percentile) 6 (7.5%) 1.2%

Prematurity (< 37 weeks) 5 (6.2%) 0.0%

Apgar score <7 at 5 min 2 (2.5%) 1.2%

Fetal sex (female) 46 (56.8%) 0.0%

Maternal blood measurements

Apolipoprotein A1 (g/L) 1.43 ± 0.31 19.8%

Apolipoprotein B (g/L) 0.80 ± 0.25 19.8%

HDL (mmol/L) 1.33 ± 0.33 19.8%

LDL (mmol/L) 2.43 ± 0.83 19.8%

Total cholesterol (mmol/L) 4.21 ± 1.07 19.8%

9
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Table 1. Continued

N=81 Missing, %

Triglycerides (mmol/L) 0.83 (0.64-1.18) 19.8%

FT4 (pmol/L) 19.79 ± 5.81 19.8%

Cord blood measurements

Apolipoprotein A1 (g/L) 0.90 ± 0.18 7.4%

Apolipoprotein B (g/L) 0.28 ± 0.14 7.4%

HDL (mmol/L) 0.85 ± 0.22 8.6%

LDL (mmol/L) 0.95 ± 0.48 13.6%

Total cholesterol (mmol/L) 1.98 ± 0.66 11.1%

Triglycerides (mmol/L) 0.35 (0.21-0.54) 9.9%

Glucose (mmol/L) 4.70 ± 1.26 8.6%

C-peptide (nmol/L) 0.20 ± 0.14 4.9%

FT4 (pmol/L) 17.48 ± 2.07 24.7%

Data represented with mean±SD and median (IQR), unless stated otherwise (frequency (%)). Abbreviations: BMI: body mass 
index. HDL: High Density Lipoprotein. HG: hyperemesis gravidarum. FT4: free thyroxine. LDL: Low Density Lipoprotein. PUQE-24: 
24-hour Pregnancy Unique Quantification of Emesis and nausea score: a higher PUQE-24 indicates more severe symptoms. 
SGA: small for gestational age. Weight change is weight at baseline minus prepregnancy weight and can be < 0 if women 
lost weight and can be > 0 if women gained weight.

Associations between measures of HG severity and endocrine and lipid 
measures in cord blood

Lipid profile

Lower maternal weight gain at study entry was associated with higher Apo-B levels (β -0.01 

g/L per kilogram maternal weight gain, 95% CI: -0.02;-0.00, P=0.005) in multivariable linear 

regression analysis (Table 2). The 24-hour energy intake at inclusion, nor any of the other 

measures of HG severity were associated with lipid profile in cord blood.

C-peptide and glucose

Lower maternal weight gain at study entry was associated with higher glucose levels in cord 

blood in univariable linear regression analysis, (β -0.08 mmol/L per kilogram maternal weight 

gain, 95% CI: -0.16;-0.00, P=0.043), but the association was not sustained in multivariable models, 

as shown in Table 3. None of the measures of severity of HG were associated with c-peptide 

in cord blood.

FT4

None of the measures of HG disease severity were associated with FT4 in cord blood (Table 

3). One neonate had a FT4 cord blood level below the corresponding Dutch national reference 
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interval (<12.0 pmol/L) of 10.4 pmol/L. In this specific case, the mother had no medical history 

of hypo- or hyperthyroidism. She herself had normal Thyroid Stimulating Hormone and FT4 

concentrations at baseline.29 Although birth weight was considered normal and the neonate 

was born at full term, the neonate was admitted to hospital postpartum due to suspicion of 

infection. No additional information on admission or further thyroid function measures was 

known. None of the neonates included in this study had a FT4 cord blood level above the 

corresponding Dutch national reference interval (>36.0 pmol/L).

9
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Table 3. Univariable and multivariable regression analysis assessing the association between measures 
of HG severity and endocrine measures in cord blood

C-peptide (nmol/L)
Model 1 Model 2*

β 95% CI n β 95% CI n
- PUQE-24 at inclusion -0.00 -0.02;0.01 58 -0.01 -0.02;0.01 56
- Average PUQE-24 
first three weeks after 
inclusion

0.01 -0.01;0.02 56 0.01 -0.01;0.02 54

- Weight change (kg) -0.01 -0.01;0.00 74 -0.00 -0.01;0.01 73
- Energy intake at 
inclusion (kcal)

-0.00 -0.01;0.00 63 -0.00 -0.01;0.01 61

- Duration of hospital 
admissions (days)

-0.00 -0.01;0.00 76 0.00 -0.00;0.00 73

- Readmitted -0.01 -0.08;0.06 76 -0.00 -0.07;0.07 73
- Readmission after 
the first trimester

-0.02 -0.09;0.05 76 -0.02 -0.10;0.06 73

Glucose (mmol/L)
Model 1 Model 2*

β 95% CI n β 95% CI n
- PUQE-24 at inclusion -0.02 -0.12;0.10 55 -0.04 -0.17;0.08 53
- Average PUQE-24 
first three weeks after 
inclusion

0.06 -0.06;0.17 54 0.06 -0.06;0.18 52

- Weight change (kg) -0.08 -0.16;-
0.00

71 -0.08 -0.16;0.01 70

- Energy intake at 
inclusion (kcal)

0.01 -0.04;0.06 60 0.01 -0.04;0.07 58

- Duration of hospital 
admissions (days)

0.01 -0.02;0.04 73 0.01 -0.03;0.04 70

- Readmitted 0.22 -0.39;0.83 73 0.10 -0.54;0.74 70
- Readmission after 
the first trimester

0.56 -0.09;1.21 73 0.48 -0.22;1.19 70

FT4 (pmol/L)
Model 1 Model 2**

β 95% CI n β 95% CI n
- PUQE-24 at inclusion -0.05 -0.24;0.15 45 -0.19 -0.43;0.06 31
- Average PUQE-24 
first three weeks after 
inclusion

0.17 -0.07;0.41 43 0.20 -0.09;0.50 29

- Weight change (kg) 0.00 -0.14;0.14 58 0.11 -0.08;0.29 37
- Energy intake at 
inclusion (kcal)

0.08 -0.01;0.17 49 0.06 -0.04;0.17 34

- Duration of hospital 
admissions (days)

-0.01 -0.07;0.05 60 -0.01 -0.07;0.06 37

- Readmitted -0.42 -1.55;0.71 60 0.25 -1.16;1.65 37
- Readmission after 
the first trimester

0.45 -0.76;1.66 60 -0.14 -1.71;1.43 37

Significant associations with a P-value<0.05 are marked in bold. Abbreviations: FT4: free thyroxine, PUQE-24: 24-hour 
Pregnancy Unique Quantification of Emesis and nausea score; the PUQE-24 score can range from 3 to 15 with a higher PUQE-
24 indicating more severe symptoms. Weight change is weight at baseline minus prepregnancy weight and can be < 0 if 
women lost weight and can be > 0 if women gained weight. Energy intake at inclusion is calculated over 24 hours, measured 
in kilocalories and divided by 100 for regression analysis.
Model 1: univariable regression analysis. Model 2: * multivariable regression analysis, adjusted for preterm birth, small for 
gestational age, maternal age and pre-pregnancy BMI. ** multivariable regression analysis, adjusted for smoking, highest 
finished education and maternal FT4 levels at study inclusion.
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The effect of early enteral tube feeding on endocrine and lipid measures 
in cord blood

In total, we had 46 cord blood samples available for RCT participants. All included RCT 

participants with dietary intake at inclusion available (38/46) had a 24-hour energy intake 

below the recommended daily intake of 1870 kcal. When comparing baseline characteristics, 

no differences were found in demographics, maternal blood measurements or in perinatal 

outcomes, but few differences were found in measures of HG severity in intention-to-treat, per 

protocol and ‘as treated’ analysis. Participants who received early enteral tube feeding had a 

lower 24-hour energy intake at inclusion than participants who received standard care, in both 

intention-to-treat (131 (IQR 43-417) vs 483 (IQR 283-1068) kcal) and per protocol analysis (82 

(IQR 15-394) vs 605 (IQR 326-1129) kcal) (Supplemental Table S3 and S4). In the as treated 

analysis, participants who received early enteral tube feeding had a lower 24-hour energy 

intake at inclusion (76 (IQR 8-387) vs 605 (IQR 326-1129) kcal), higher vomiting scores at inclusion 

(PUQE-24: 12.6 ± 2.0 vs 10.3 ± 3.3), longer duration of admission to hospital (6.0 (IQR 3.0-10.0) 

vs 4.0 (IQR 2.3-5.0) days) and were readmitted more often (53% vs 20%) than participants who 

received standard care (Supplemental Table S5).

There were no differences in Apo-A1, Apo-B, HDL, LDL, total cholesterol, triglycerides, glucose, 

c-peptide and FT4 cord blood levels between offspring of participants who received early 

enteral tube feeding and offspring of participants who received standard care in intention-to-

treat, per protocol and ‘as treated’ analysis (Supplemental Tables S3-S5).

DISCUSSION

Main findings
This small prospective cohort study was the first to find evidence that more severe HG could 

affect cardiometabolic disease markers in offspring at birth. We found that lower maternal 

weight gain at inclusion was associated with higher Apo-B and higher glucose levels in 

offspring cord blood. None of the other cord blood measures of possible cardiometabolic 

risk were affected by HG severity. We found no evidence that treatment by early enteral tube 

feeding improved offspring’s cardiometabolic markers in cord blood.

Strengths and limitations
One of the strengths of our study is that detailed information about HG severity, including 

comprehensive nutritional information, was collected prospectively by trained research staff. 

With this study we are addressing two of the top 10 priority HG research questions that were 

9
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recently identified by patients and clinicians, indicating the urgency of the need for guidance in 

the consequences of nutritional deficiency among women with HG.30 This study can help meet 

patients’ need for information on the long term consequences of undernutrition associated 

with HG for their offspring - a source of significant maternal distress.31 Despite the small sample 

size, sensitivity analysis did not show any differences between MOTHER participants with and 

without cord blood samples available. We therefore think the likelihood of selection bias is 

small, which implies generalizability of our findings to all women with HG. The fact that we 

collected markers of possible future health by assessing cord blood, enabling estimates of 

increased cardiometabolic disease risk early in life, is another strength of this study.7

Cord blood samples were only available in 81 out of 215 participants (37%). This small sample 

size limited our statistical power. Furthermore, there was missing data regarding weight change 

and dietary intake throughout pregnancy, after inclusion. For that reason, we were not able to 

assess gestational weight change and energy intake over time and include those measures as 

predictors in our regression analysis model. However, since PUQE-24 scores were more often 

reported in the first three weeks after inclusion, we were able to calculate average PUQE-24 

scores and we also collected data of hospital admissions as measures of HG severity and 

did not find an association with endocrine and lipid measures in cord blood. While we used 

the validated PUQE-24 questionnaire,32, 33 information on nutritional intake was based on a 

non-validated 24-hour food diary. In general however, food diaries have been considered 

as a reliable method to collect information on dietary intake, since they provide a detailed, 

prospective method with a low risk of recall bias.34, 35

By design, our study did not include a control group of healthy pregnant women. Therefore, 

we are not able to comment on any possible changes in cardiometabolic markers in cord 

blood of HG cases compared to those in the offspring of healthy pregnant women. Finally, 

it is important to notice that, since we performed multiple statistical analyses, there is a 

considerable probability that some of our results were due to chance. When we applied the 

Bonferroni correction to our data, none of the associations we found remained significant 

(data not shown), which may support the notion that our findings were the result of chance.36

Interpretation
Our study showed that lower maternal weight gain at study inclusion was associated with 

higher Apo-B levels in cord blood. Apo-B is a protein that is attached to (very) low and 

intermediate density lipoproteins and which is used for transporting lipids around the body.37 

Apo-B has an important role in the pathogenesis of atherosclerosis and has previously been 
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shown to be an independent and better predictor for cardiovascular disease risk than LDL.37, 

38 Birth weight can be a possible mediator for Apo-B levels in cord blood, although literature 

shows conflicting results.39-41 We did not find an association between Apo-B cord blood levels 

and SGA neonates. Our sample size however, prohibited any firm conclusions regarding 

infrequent outcomes including SGA (6 out of 81 neonates) and preterm birth (5 out of 81 

neonates). Our study suggests that per extra kilogram maternal weight loss, Apo-B cord blood 

levels increase with 0.01 g/L. Considering the reference interval for Apo-B for infants younger 

than 14 days of 0.10 to 0.67 g/L, the clinical relevance of this difference, even in cases with 

severe weight loss, might be low.42

Currently, there is only a small body of evidence available describing the effects of HG on 

offspring’s cardiovascular disease risk in later life in comparison to that among offspring of 

uncomplicated pregnancies.13-16 None of these studies found differences in offspring lipid 

concentrations in childhood.13-16 Two studies however, did find that offspring born to women 

with HG were heavier and more adipose in childhood than offspring born to women without 

HG,14, 16 which can in line lead to increased Apo-B levels in later life, and therefore affect offspring 

cardiovascular disease risk.43 Taking our findings into account, differences in these studies’ 

findings might be due to differences in HG severity with studies including women with a 

more severe HG being more likely to find associations than studies including women with 

a relatively mild HG. Another explanation for differences in results could be the sample size 

or, more important, the number of HG-exposed offspring included. Although Koot et al.13 

included 6462 adolescents in their study, only 42 had mothers with HG. Their study did not 

find any differences in cardiometabolic risk factors due to HG. Poeran-Bahadoer et al.16 and 

Grooten et al.14 included a far larger group of women with daily vomiting and severe weight 

loss (respectively 463 and 533 women) and found significant differences in anthropometric 

measures and blood pressure. However, neither study has prospectively collected information 

on HG diagnosis and treatment.

Our results show that a more severe HG, in terms of lower maternal weight gain at inclusion, 

was associated with higher glucose levels, in the absence of increased c-peptide levels in 

cord blood. These findings are in line with earlier studies: research from the Dutch famine 

showed an increased risk of developing diabetes in later life in offspring conceived during the 

famine and Ayyavoo et al.15 found a lower insulin sensitivity in offspring of women with HG in 

childhood.44, 45 Importantly, glucose levels in cord blood are likely highly reflective of maternal 

blood glucose concentrations.46 This may point to an increase in maternal hyperglycaemia in 

more severe HG cases, which corresponds to literature linking maternal starvation to insulin 

9
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resistance, which in turn could have independent effects on the chance of offspring adiposity 

and insulin resistance in later life.47

While our study suggests that lower maternal weight gain in HG is associated with some 

increased markers of cardiometabolic disease risk for offspring, treatment by early enteral tube 

feeding, a treatment which could potentially restore nutritional intake, did not affect offspring’s 

cardiometabolic markers in cord blood. Given the small sample size, with just 46 women in 

RCT analyses, our statistical power was limited. Our study would have been able to detect 

only large mean differences based on treatment (for instance a mean difference of 0.11 g/L for 

Apo-B cord blood levels, based on using a two group t-test with 80% power and 5% two-sided 

significance level, assuming that the common standard deviation is 0.13 g/L39, 41). Alternatively, 

it is also possible that women received tube feeding too late or for too short a period to have a 

beneficial effect on offspring cardiometabolic markers in cord blood. Other treatment aspects 

of interest, but out of scope for this study, include the impact of adequate antiemetic treatment 

on symptoms and maternal weight gain, and are of interest for future studies on the efficacy of 

medications in the treatment of HG. For example, there is some evidence showing that starting 

antiemetic treatments early in pregnancy can reduce the overall severity of HG, which might 

have a beneficial effect on neonatal outcomes as well.48, 49

Conclusion
Our study showed that lower maternal weight gain was associated with higher Apo-B levels in 

offspring cord blood, possibly indicating an increased cardiometabolic risk in later life, although 

this effect is modest and the clinical relevance remains unclear. None of the other measures 

of HG severity were associated with any of the other endocrine and lipid measures in cord 

blood, which could also mean that our results are based on coincidence. Additionally, our study 

provided insufficient evidence to show that early enteral tube feeding amended offspring 

outcomes. Larger and longer follow-up studies are necessary to further evaluate the possible 

negative impact of HG on offspring’s long term health and to assess the role of HG’s disease 

spectrum or nutritional and other management options.
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APPENDIX A

Detailed methods dietary intake and corresponding 24-hour energy 
intake calculations

During the MOTHER study, participants kept a weekly self-reported 24-hour food diary. The 

food diary consisted of a list of pre-specified food products, as shown below in Figure A1. 

Participants were able to fill in their food intake in pieces or millilitres (ml) at six different 

moments: breakfast, lunch, dinner and three in-between mealtime snacks. Besides the pre-

specified food item list, participants could also specify food products, which were not included 

in the standard checklist below ‘other’.

In collaboration with a dietician, databases of the Dutch National Institute for Public Health and 

the Environment (RIVM) were used to determine portion sizes and energy content of reported 

food products. First, we determined standard portion sizes of each of the listed food products 

by using the database containing portion sizes.1 Secondly, the Dutch Food Composition 

Database 2019 was used to extract the corresponding energy content in kilocalories (kcal) per 

100 gram and to calculate the energy content per portion size.2

Few of the listed food products were not specified in details, which made it difficult to find 

corresponding NEVO-codes in the Dutch Food Composition Database. For some of these 

products, an average NEVO-code was available, such as for meat products and sweet spreads. 

For many products however, average NEVO-codes were missing. In these cases, we used the 

most recent available Dutch National Food Consumption Survey (DNFCS) of 2012-2016 to 

calculate weighted averages of the five most consumed food products in the corresponding 

food category among adult women between 18 and 50 years.3

Furthermore, a ‘hot meal’ was also included in the pre-specified food diary, but was not further 

described in detail. The Dutch National food Consumption Survey 2012-2016 measured that 

34.1% of the daily energy intake was consumed during diner and that, on average, the energy 

intake of adult women between 18 and 50 years was 1898 calories.3 Therefore, we assumed 

that one portion size of a consumed hot meal contained 647 calories. Supplement Table A1 

shows each of the listed food products with corresponding portion sizes and energy content 

per 100 gram as well as per portion size.

Lastly, a 24-hour energy intake was calculated, adding up all caloric quantities of each of the 

reported food products per woman. For women reporting that they had no intake at all, the 

9
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24-hour energy intake was set at zero. For this study, the 24-hour energy intake at inclusion 

was used as a measure of HG severity and as predictor in regression analysis.
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Figure A1. 24-hour food diary
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Supplemental Table A1. List of food products reported in 24-hour food diary with corresponding 
portion sizes and energy content

Product NEVO 
code

General 
portion 
sizes

Energy 
content
(kcal/100 
gram)

% of 
top 5 of 
DNFCS 1

Kcal per food 
product 
portion

Biscuit/cracker 11.8 g 46
Crispbread whole meal 1779 363 47.0%
Crispbread sesame 975 421 19.8%
Crispbread gold-brown 596 410 11.8%
Crisp bakes Dutch 227 408 10.8%
Cracker mini unflavored 5095 442 10.7%
Bread 35 g 88
Bread brown wheat 236 236 24.8%
Bread whole meal fine 2811 233 24.0%
Bread multigrain average with 
seeds

2350 261 23.3%

Roll white soft 230 262 14.5%
Roll white hard 2795 277 13.4%
Currant bun 2803 50 g 268 NA 134
Ginger bread 30 g 92
Dutch spiced cake 240 308 65.5%
Dutch spiced cake whole meal 925 308 13.9%
Dutch spiced cake low sugar 2329 287 10.5%
Dutch spiced cake with nuts 2397 337 6.0%
Dutch spiced cake with sugar 
candy

2398 312 4.1%

Margarine/butter 6 g 27
Low fat margarine 40% fat (<17 
g), salted

2059 356 49.6%

Butter unsalted 310 737 16.2%
Low fat margarine (Blue Band 
Goede Start)

1961 349 12.3%

Low fat margarine (tub Becel 
Light)

1839 285 11.8%

Margarine 80% fat (>24 g), salted 2063 719 9.2%
Cheese 20 g 74
Cheese Gouda 48+, age 8 weeks-4 
months

2757 370 41.0%

Cheese Gouda 48+, age 4-8 weeks 2756 364 24,8%
Cheese Gouda 48+, age 4-7 
months

2758 377 18.0%

Cheese Edam 40+ 511 324 8.6%
Cheese Gouda 48+, age 10-12 
months

2759 414 7.6%
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Supplemental Table A1. List of food products reported in 24-hour food diary with corresponding portion 
sizes and energy content

Product NEVO 
code

General 
portion 
sizes

Energy 
content
(kcal/100 
gram)

% of 
top 5 of 
DNFCS 1

Kcal per food 
product 
portion

Meat products 344 15 g 236 NA 35
Sweet spreads 464 20 g 393 NA 79
Porridge 150 g 115
Porridge rice 298 86 19.1%
Porridge semolina 1722 93 9.8%
Porridge oatmeal prepared with 
semi-skimmed milk

3050 69 9.8%

Porridge oatmeal prepared with 
whole milk

288 85 9.4%

Porridge barley with raisins 
(Bessola)

605 73 6.5%

Muesli + yoghurt 2278 125 g 110 NA 138
Tea/coffee 175 ml 2
Tea prepared 645 0 68.2%
Coffee prepared 644 1 28.2%
Cappuccino freshly made 2476 31 1.6%
Coffee with milk from vending 
machine

2648 12 1.2%

Cappuccino instant prepared 2477 37 0.8%
Sugar 3.9 g 16
Sugar granulated 377 400 96.3%
Castor sugar white 375 396 2.0%
Castor sugar brown 374 396 1.7%
Semi-skimmed milk 286 200 ml 45 NA 90
Whole milk 279 200 ml 61 NA 122
Buttermilk 289 200 ml 30 NA 60
Chocolate milk 200 ml 154
Whole chocolate milk 272 89 34.9%
Semi-skimmed chocolate milk 1464 77 26.9%
Hot chocolate from vending 
machine

2760 66 17.2%

Semi-skimmed chocolate milk 
with sweetener

1970 56 10.5%

Semi-skimmed chocolate milk 
with sweetened cacao powder

2495 78 10.5%

Fruit juice 200 ml 90
Freshly squeezed orange juice 2755 44 32.8%
Pasteurized orange juice 410 45 30.6%
Multi-fruit juice 2507 47 17.0%

9
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Supplemental Table A1. List of food products reported in 24-hour food diary with corresponding portion 
sizes and energy content

Product NEVO 
code

General 
portion 
sizes

Energy 
content
(kcal/100 
gram)

% of 
top 5 of 
DNFCS 1

Kcal per food 
product 
portion

Apple juice 383 46 14.7%
Apple nectar juice 3218 37 4.9%
Lemonade 40 g 2 60
Fruit drink concentrated 463 233 26.1%
Fruit drink concentrated light 2289 8 24.5%
Fruit drink concentrated (Karvan 
Cevitam)

1810 238 24.0%

Fruit drink concentrated with 
sugar & sweeteners 40-45g

2287 170 15.7%

Fruit drink concentrated with 
sugar & sweeteners 10-15g

2831 47 9.7%

Soft drink (with sugar) 200 ml 73
Cola with caffeine 395 41 54.8%
Ice tea 2086 31 15.1%
Soft drink without caffeine 400 38 19.6%
Ice tea with sugar & sweetener 2088 19 8.5%
Soft drink with sugar, sweetener 
(5-8 g) & caffeine

2665 27 1.7%

Water/broth 3192 175 ml 6 NA 11
Cup a soup 2932 175 ml 40 NA 70
Nutridrink 3 - 200 ml 150 NA 300
Soup (thick) 4 250 ml 117
Soup thickened with vegetables 763 36 33.3%
Soup thickened with meat (beef/
chicken)

764 64 33.3%

Soup thickened, no filling 2561 41 33.3%
Hot meal 1 portion 5 NA NA NA NA 647
Hot meal ½ portion 5 NA NA NA NA 324
Gravy 25 g 77
Gravy 50% fat , prepared without 
instant gravy powder

2459 439 34.3%

Instant gravy 25% fat, thickened 2451 233 20.0%
Instant gravy 50% fat, thickened 2461 429 18.1%
Instant gravy 0% fat 2650 28 14.3%
Gravy 25% fat, prepared without 
instant gravy powder

2588 219 13.3%

Fruit compote 179 100 g 76 NA 76
Yoghurt 120 g 60
Yoghurt low fat 301 37 46.6%
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Supplemental Table A1. List of food products reported in 24-hour food diary with corresponding portion 
sizes and energy content

Product NEVO 
code

General 
portion 
sizes

Energy 
content
(kcal/100 
gram)

% of 
top 5 of 
DNFCS 1

Kcal per food 
product 
portion

Yoghurt full fat 278 58 19.5%
Yoghurt reduced fat 1.502 50 15.2%
Yoghurt low fat with fruit 284 73 11.0%
Yoghurt vanilla reduced fat 1.721 78 7.7%
Custard, pudding 150 ml 119
Quark low fat 305 58 29.4%
Custard several flavors full fat 1720 95 22.4%
Custard vanilla full fat 282 93 18.2%
Quark low fat with fruit/vanilla 
with sweetener

2246 43 17.1%

Quark reduced fat with fruit/
vanilla

917 130 12.9%

Fruit 140 g 71
Fresh fruit average, including 
citrus

172 48 82.2%

Fresh fruit average, excluding 
citrus

173 62 17.8%

1 In case no corresponding NEVO code was available for a specific food product, we calculated a weighted average calories 
of the 5 most consumed food products in the DNFCS 2012-2016 among adult women between 18 and 50 years. 2 Portion size 
of undiluted lemonade. 3 Nutritional drink. 4 Soup was not present in the DNFCS, so we calculated an average of the three 
available thick soup NEVO codes. 5 The energy intake for a hot meal was calculated using the DNFCS 2012-2016, which measured 
that 34.1% of the daily energy intake was consumed during diner. On average, the energy intake of adult women between 18 
and 50 years was 1898 calories, leading to the assumption that a full size hot meal contained 647 calories. Abbreviations: 
DNFCS: Dutch National Food Consumption Survey, g: gram, kcal: kilocalories, ml: milliliters.
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Supplemental Table S1. Sensitivity analysis to assess differences between in- and excluded women 
in this study

Included 
women
(cord blood 
available)

Excluded 
women
(no cord blood 
available)

Missing P

Demographics n=81 n=134

Age (years) 28.3 ± 4.2 29.2 ± 5.2 0.0% 0.21

Prepregnancy weight (kg) 73.4 ± 15.2 69.8 ± 14.8 2.3% 0.09

Prepregnancy BMI (kg/m2) 25.5 ± 4.8 24.9 ± 4.9 3.7% 0.37

Non-western ethnicity 18 (22.2%) 35 (26.1%) 18.1% 0.18

Education level 33.0% 0.65

- Primary or secondary 38 (46.9%) 49 (36.5%)

- Higher 27 (33.3%) 30 (22.4%)

Primigravida 27 (33.3%) 37 (27.6%) 0.0% 0.37

Maternal diabetes (gestational, type I or II) 4 (4.9%) 10 (7.5%) 0.0% 0.47

Maternal thyroid disease 4 (4.9%) 5 (3.7%) 0.0% 0.73

Current smoker 7 (8.6%) 4 (3.0%) 5.6% 0.11

Gestational age at onset of HG symptoms 
(weeks)

6.0 (5.0-7.0) 6.0 (5.5-7.0) 23.3% 0.88

Gestational age at inclusion (weeks) 9.0 (7.0-11.0) 8.5 (7.0-11.0) 0.0% 0.36

Measures of HG severity

Weight change (kg) -3.0 ± 3.8 -2.8 ± 4.3 2.8% 0.73

24-hour energy intake at inclusion (kcal) 435 (152-1021) 547 (227-1087) 35.3% 0.36

Below recommended daily intake
(<1870 kcal)

62 (76.5%) 68 (50.7%) 35.3% 0.74

PUQE-24 at inclusion 10.4 ± 3.2 9.6 ± 3.4 37.2% 0.17

Average PUQE-24 in the first three weeks 
after inclusion

8.7 ± 2.9 8.2 ± 2.8 36.3% 0.30

Total duration of hospital admissions (days) 5.0 (3.0-7.0) 5.0 (3.0-8.0) 0.0% 0.82

Readmitted 27 (33.3%) 44 (32.8%) 0.0% 0.94

Readmission after the first trimester 21 (25.9%) 22 (16.4%) 0.0% 0.09

Perinatal outcomes

Birth weight (grams) 3315 ± 513 3233 ± 760 1.9% 0.35

SGA (birth weight <10th percentile) 6 (7.5%) 14 (10.4%) 3.3% 0.41

Prematurity (< 37 weeks) 5 (6.2%) 15 (11.2%) 1.9% 0.20

Apgar score <7 at 5 min 2 (2.5%) 4 (3.0%) 2.3% 1.00

Fetal sex (female) 46 (56.8%) 74 (55.2%) 1.9% 0.99

Maternal blood measurements

Apolipoprotein A1 (g/L) 1.43 ± 0.31 1.44 ± 0.29 28.8% 0.87

Apolipoprotein B (g/L) 0.80 ± 0.25 0.75 ± 0.21 28.8% 0.21
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Cardiometabolic markers in offspring cord blood

Supplemental Table S1. Sensitivity analysis to assess differences between in- and excluded women 
in this study. Continued

Included 
women
(cord blood 
available)

Excluded 
women
(no cord blood 
available)

Missing P

HDL (mmol/L) 1.33 ± 0.33 1.39 ± 0.31 28.8% 0.26

LDL (mmol/L) 2.43 ± 0.83 2.31 ± 0.70 28.8% 0.32

Total cholesterol (mmol/L) 4.21 ± 1.07 4.07 ± 0.88 28.8% 0.36

Triglycerides (mmol/L) 0.83 (0.64-1.18) 0.75 (0.61-1.02) 28.8% 0.045

FT4 (pmol/L) 19.79 ± 5.81 19.35 ± 4.96 29.3% 0.62

Data represented with mean±SD and median (IQR), unless stated otherwise (frequency (%)). P-values <0.05 were considered 
statistically significant. Abbreviations: BMI: body mass index, HDL: High Density Lipoprotein, HG: hyperemesis gravidarum, 
FT4: free thyroxine, LDL: Low Density Lipoprotein. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis and nausea 
score: a higher PUQE-24 indicates more severe symptoms. SGA: small for gestational age. Weight change is weight at baseline 
minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight.
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Chapter 9
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381

Cardiometabolic markers in offspring cord blood

Supplemental Table S3. RCT analysis according to intention-to-treat 

Early tube 
feeding

Standard 
care

Missing P

Demographics n=23 n=23

Age (years) 27.8 ± 4.3 28.4 ± 3.8 0.0% 0.64

Prepregnancy weight (kg) 75.7 ± 15.4 76.3 ± 16.6 2.2% 0.90

Prepregnancy BMI (kg/m2) 27.2 ± 5.3 25.4 ± 4.7 2.2% 0.24

Non-western ethnicity 3 (13.0%) 7 (30.4%) 10.9% 0.16

Education level 17.4% 0.32

- Primary or secondary 10 (43.5%) 14 (60.9%)

- Higher 8 (34.8%) 6 (26.1%)

Primigravida 9 (39.1%) 8 (34.8%) 0.0% 0.76

Maternal diabetes (gestational, type I or II) 3 (13.0%) 1 (4.3%) 0.0% 0.61

Maternal thyroid disease 0 (0.0%) 2 (8.7%) 0.0% 0.49

Current smoker 3 (13.0%) 3 (13.0%) 4.3% 1.00

Gestational age at onset of HG symptoms 
(wks)

6.0 (5.0-7.5) 6.0 (5.0-6.1) 19.6% 0.52

Gestational age at inclusion (wks) 9.0 (8.0-11.0) 9.0 (7.0-12.0) 0.0% 0.52

Measures of HG severity

Weight change (kg) -2.6 ± 4.1 -5.0 ± 4.0 2.2% 0.06

24-hour energy intake at inclusion (kcal) 131 (43-417) 483 (283-1068) 17.4% 0.04

Below recommended daily intake (<1870 
kcal)

18 (78.3%) 20 (87.0%) 17.4% 1.00

PUQE-24 at inclusion 11.4 ±2.9 10.7 ±3.2 21.7% 0.48

Average PUQE-24 in the first three weeks 
after inclusion

9.0 ± 3.6 8.7 ± 2.9 17.4% 0.74

Total duration of hospital admissions (days) 6.0 (3.0-10.0) 4.0 (3.0-5.0) 0.0% 0.18

Readmitted 9 (39.1%) 7 (30.4%) 0.0% 0.54

Readmission after the first trimester 7 (30.4%) 7 (30.4%) 0.0% 1.00

Perinatal outcomes

Birth weight (grams) 3235 ± 562 3498 ± 485 0.0% 0.10

SGA (birth weight <10th percentile) 1 (4.3%) 1 (4.3%) 0.0% 1.00

Prematurity (< 37 weeks) 2 (8.7%) 2 (8.7%) 0.0% 1.00

Apgar score <7 at 5 min 1 (4.3%) 1 (4.3%) 0.0% 1.00

Fetal sex (female) 13 (56.5%) 13 (56.5%) 0.0% 1.00

Maternal blood measurements

Apolipoprotein A1 (g/L) 1.52 ± 0.25 1.45 ± 0.30 13.0% 0.43

Apolipoprotein B (g/L) 0.82 ± 0.28 0.84 ± 0.27 13.0% 0.81

9
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Chapter 9

Supplemental Table S3. RCT analysis according to intention-to-treat. Continued

Early tube 
feeding

Standard 
care

Missing P

HDL (mmol/L) 1.38 ± 0.26 1.33 ± 0.29 13.0% 0.56

LDL (mmol/L) 2.46 ± 0.89 2.58 ± 0.90 13.0% 0.67

Total cholesterol (mmol/L) 4.31 ± 1.03 4.37 ± 1.17 13.0% 0.85

Triglycerides (mmol/L) 0.86 (0.70-1.59) 0.86 (0.70-1.18) 13.0% 1.00

FT4 (pmol/L) 20.38 ± 8.67 19.44 ± 3.88 13.0% 0.66

Cord blood measurements

Apolipoprotein A1 (g/L) 0.89 ± 0.16 0.91 ± 0.22 6.5% 0.70

Apolipoprotein B (g/L) 0.30 ± 0.22 0.28 ± 0.12 6.5% 0.68

HDL (mmol/L) 0.84 ± 0.19 0.86 ± 0.26 6.5% 0.72

LDL (mmol/L) 1.05 ± 0.78 0.94 ± 0.38 13.0% 0.56

Total cholesterol (mmol/L) 2.09 ± 0.93 1.96 ± 0.62 10.9% 0.59

Triglycerides (mmol/L) 0.40 (0.18-0.73) 0.30 (0.17-0.44) 8.7% 0.15

Glucose (mmol/L) 4.26 ±1.35 5.06 ± 1.28 10.9% 0.06

C-peptide (nmol/L) 0.20 ± 0.10 0.25 ± 0.18 4.3% 0.26

FT4 (pmol/L) 16.52 ±2.40 17.59 ± 1.75 21.7% 0.13

P-values <0.05 are considered statistically significant and marked in bold. Data represented with mean±SD and median (IQR), 
unless stated otherwise (frequency (%)). Abbreviations: BMI: body mass index, HDL: High Density Lipoprotein, HG: Hyperemesis 
Gravidarum, FT4: free thyroxine, LDL: Low Density Lipoprotein. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis 
and nausea score: a higher PUQE-24 indicates more severe symptoms. SGA: small for gestational age. Weight change is 
weight at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight.
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Cardiometabolic markers in offspring cord blood

Supplemental Table S4. RCT analysis according to per protocol

Early tube 
feeding

Standard 
care

Missing P

Demographics n=13 n=20

Age (years) 27.6 ± 4.6 28.7 ±3.6 0.0% 0.46

Prepregnancy weight (kg) 76.4 ± 17.1 74.7 ± 16.6 3.0% 0.79

Prepregnancy BMI (kg/m2) 26.8 ± 4.6 24.9 ± 4.5 3.0% 0.26

Non-western ethnicity 1 (7.7%) 7 (35.0%) 9.1% 0.10

Education level 12.1% 0.32

- Primary or secondary 6 (46.2%) 12 (60.0%)

- Higher 5 (38.5%) 6 (30.0%)

Primigravida 7 (53.8%) 8 (40.0%) 0.0% 0.44

Maternal diabetes (gestational, type I or II) 2 (15.4%) 1 (5.0%) 0.0% 0.55

Maternal thyroid disease 0 (0.0%) 1 (5.0%) 0.0% 1.00

Current smoker 2 (15.4%) 3 (15.0%) 6.1% 1.00

Gestational age at onset of HG symptoms 
(wks)

5.8 (5.0-7.0) 6.0 (5.5-6.3) 12.1% 0.81

Gestational age at inclusion (wks) 8.0 (7.5-10.5) 9.0 (7.3-12.8) 0.0% 0.48

Measures of HG severity

Weight change (kg) -2.7 ± 4.6 -4.0 ± 1.9 3.0% 0.34

24-hour energy intake at inclusion (kcal) 82 (15-394) 605 (326-1129) 12.1% <0.01

Below recommended daily intake (<1870 
kcal)

11 (84.6%) 18 (90.0%) 12.1% 1.00

PUQE-24 at inclusion 12.5 ± 2.2 10.3 ± 3.3 21.2% 0.07

Average PUQE-24 in the first three weeks 
after inclusion

9.0 ± 3.0 8.3 ± 3.1 12.1% 0.55

Total duration of hospital admissions (days) 6.0 (3.0-10.5) 4.0 (2.3-5.0) 0.0% 0.10

Readmitted 6 (46.2%) 4 (20.0%) 0.0% 0.14

Readmission after the first trimester 3 (23.1%) 6 (30.0%) 0.0% 1.00

Perinatal outcomes

Birth weight (grams) 3356 ± 696 3420 ± 461 0.0% 0.75

SGA (birth weight <10th percentile) 1 (7.7%) 1 (5.0%) 0.0% 1.00

Prematurity (< 37 weeks) 2 (15.4%) 2 (10.0%) 0.0% 1.00

Apgar score <7 at 5 min 1 (7.7%) 1 (5.0%) 0.0% 1.00

Fetal sex (female) 7 (53.8%) 12 (60.0%) 0.0% 0.73

Maternal blood measurements

Apolipoprotein A1 (g/L) 1.48 ± 0.26 1.48 ± 0.32 15.2% 0.95

Apolipoprotein B (g/L) 0.78 ± 0.24 0.82 ± 0.28 15.2% 0.71
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Supplemental Table S4. RCT analysis according to per protocol. Continued

Early tube 
feeding

Standard 
care

Missing P

HDL (mmol/L) 1.37 ± 0.29 1.36 ± 0.30 15.2% 0.91

LDL (mmol/L) 2.36 ± 0.79 2.44 ± 0.88 15.2% 0.80

Total cholesterol (mmol/L) 4.18 ± 0.93 4.28 ± 1.22 15.2% 0.80

Triglycerides (mmol/L) 0.78 (0.59-1.52) 0.88 (0.71-1.18) 15.2% 0.71

FT4 (pmol/L) 18.12 ± 2.05 19.14 ± 4.10 15.2% 0.39

Cord blood measurements

Apolipoprotein A1 (g/L) 0.93 ± 0.18 0.92 ± 0.22 3.0% 0.87

Apolipoprotein B (g/L) 0.33 ± 0.28 0.27 ± 0.11 3.0% 0.44

HDL (mmol/L) 0.91 ± 0.19 0.89 ± 0.27 3.0% 0.80

LDL (mmol/L) 1.17 ± 0.99 0.95 ± 0.33 9.1% 0.51

Total cholesterol (mmol/L) 2.26 ±1.13 1.99 ± 0.57 6.1% 0.37

Triglycerides (mmol/L) 0.42 (0.21-0.72) 0.30 (0.17-0.42) 6.1% 0.24

Glucose (mmol/L) 4.52 ± 1.46 4.82 ± 0.89 9.1% 0.54

C-peptide (nmol/L) 0.23 ± 0.12 0.25 ± 0.19 3.0% 0.79

FT4 (pmol/L) 16.29 ± 2.86 17.58 ± 1.83 12.1% 0.15

P-values <0.05 are considered statistically significant and marked in bold. Data represented with mean±SD and median (IQR), 
unless stated otherwise (frequency (%)). Abbreviations: BMI: body mass index. HDL: High Density Lipoprotein. HG: hyperemesis 
gravidarum. FT4: free thyroxine. LDL: Low Density Lipoprotein. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis 
and nausea score: a higher PUQE-24 indicates more severe symptoms. SGA: small for gestational age. Weight change is 
weight at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight.
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Supplemental Table S5. RCT analysis according to as treated

Early tube 
feeding

Standard 
care

Missing P

Demographics n=15 n=20

Age (years) 27.2 ± 4.7 28.7 ± 3.6 0.0% 0.29

Prepregnancy weight (kg) 78.9 ± 17.2 74.7 ± 16.6 4.0% 0.48

Prepregnancy BMI (kg/m2) 27.5 ± 4.6 24.9 ± 4.5 4.0% 0.11

Non-western ethnicity 1 (6.7%) 7 (35.0%) 16.0% 0.10

Education level 20.0% 0.54

- Primary or secondary 7 (46.7%) 12 (60.0%)

- Higher 5 (33.3%) 6 (30.0%)

Primigravida 7 (46.7%) 8 (40.0%) 0.0% 0.69

Maternal diabetes (gestational, type I or II) 2 (13.3%) 1 (5.0%) 0.0% 0.57

Maternal thyroid disease 1 (6.7%) 1 (5.0%) 0.0% 1.00

Current smoker 2 (13.3%) 3 (15.0%) 5.7% 1.00

Gestational age at onset of HG symptoms 
(wks)

5.8 (5.0-7.0) 6.0 (5.5-6.3) 24.0% 0.81

Gestational age at inclusion (wks) 8.0 (7.0-10.0) 9.0 (7.3-12.8) 0.0% 0.27

Measures of HG severity

Weight change (kg) -4.5 ± 6.4 -4.0 ± 1.9 4.0% 0.80

24-hour energy intake at inclusion (kcal) 76 (8-387) 605 (326-1129) 14.3% <0.01

Below recommended daily intake (<1870 
kcal)

12 (80.0%) 18 (90.0%) 14.3% 1.00

PUQE-24 at inclusion 12.6 ± 2.0 10.3 ± 3.3 28.0% 0.04

Average PUQE-24 in the first three weeks 
after inclusion

9.3 ± 2.9 8.3 ± 3.1 11.4% 0.40

Total duration of hospital admissions (days) 6.0 (3.0-10.0) 4.0 (2.3-5.0) 0.0% 0.04

Readmitted 8 (53.3%) 4 (20.0%) 0.0% 0.04

Readmission after the first trimester 3 (20.0%) 6 (30.0%) 0.0% 0.70

Perinatal outcomes

Birth weight (grams) 3438 ± 692 3420 ± 461 0.0% 0.93

SGA (birth weight <10th percentile) 1 (6.7%) 1 (5.0%) 0.0% 1.00

Prematurity (< 37 weeks) 2 (13.3%) 2 (10.0%) 0.0% 1.00

Apgar score <7 at 5 min 1 (6.7%) 1 (5.0%) 0.0% 1.00

Fetal sex (female) 8 (53.3%) 12 (60.0%) 0.0% 0.69

Maternal blood measurements

Apolipoprotein A1 (g/L) 1.45 ± 0.26 1.48 ± 0.32 14.3% 0.80

Apolipoprotein B (g/L) 0.82 ± 0.25 0.82 ± 0.28 14.3% 0.98
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Supplemental Table S5. RCT analysis according to as treated. Continued

Early tube 
feeding

Standard 
care

Missing P

HDL (mmol/L) 1.33 ± 0.29 1.36 ± 0.30 14.3% 0.76

LDL (mmol/L) 2.55 ± 0.87 2.44 ± 0.88 14.3% 0.76

Total cholesterol (mmol/L) 4.32 ± 0.96 4.28 ± 1.22 14.3% 0.93

Triglycerides (mmol/L) 0.83 (0.67-1.39) 0.88 (0.71-1.18) 14.3% 0.90

FT4 (pmol/L) 18.61 ± 2.34 19.14 ± 4.10 14.3% 0.66

Cord blood measurements

Apolipoprotein A1 (g/L) 0.93 ± 0.19 0.92 ± 0.22 4.0% 0.90

Apolipoprotein B (g/L) 0.33 ± 0.27 0.27 ± 0.11 4.0% 0.36

HDL (mmol/L) 0.89 ± 0.19 0.89 ± 0.27 4.0% 0.98

LDL (mmol/L) 1.17 ± 0.93 0.95 ± 0.33 12.0% 0.45

Total cholesterol (mmol/L) 2.24 ±1.09 1.99 ± 0.57 8.0% 0.40

Triglycerides (mmol/L) 0.42 (0.17-0.71) 0.30 (0.17-0.42) 8.0% 0.32

Glucose (mmol/L) 4.86 ± 1.87 4.82 ± 0.89 12.0% 0.94

C-peptide (nmol/L) 0.24 ± 0.12 0.25 ± 0.19 4.0% 0.90

FT4 (pmol/L) 16.53 ± 2.69 17.58 ± 1.83 16.0% 0.21

P-values <0.05 are considered statistically significant and marked in bold. Data represented with mean±SD and median (IQR), 
unless stated otherwise (frequency (%)). Abbreviations: BMI: body mass index, HDL: High Density Lipoprotein, HG: Hyperemesis 
Gravidarum, FT4: free thyroxine, LDL: Low Density Lipoprotein. PUQE-24: 24-hour Pregnancy Unique Quantification of Emesis 
and nausea score: a higher PUQE-24 indicates more severe symptoms. SGA: small for gestational age. Weight change is 
weight at baseline minus prepregnancy weight and can be < 0 if women lost weight and can be > 0 if women gained weight.

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   386160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   386 25-8-2022   20:11:1125-8-2022   20:11:11



387

Cardiometabolic markers in offspring cord blood

9

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   387160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   387 25-8-2022   20:11:1125-8-2022   20:11:11



160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   388160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   388 25-8-2022   20:11:1125-8-2022   20:11:11



CHAPTER
General discussion

10

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   389160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   389 25-8-2022   20:11:1125-8-2022   20:11:11



390

Chapter 10

In this thesis, we have described that there are substantial knowledge gaps in the top 10 priority 

research questions in HG. We found that the HG recurrence rate for people that previously 

suffered from HG is high and that maternal mental health sequelae among these patients, 

both during and after pregnancy, are common. We also illustrated in two systematic reviews 

that HG can lead to both adverse perinatal and long-term effects in offspring, and that a more 

severe HG disease course possibly leads to an increased cardiovascular disease risk based on 

analysed cord blood samples of neonates born to mothers with HG in a cohort study. Patient 

and public involvement (PPI) was an important attribute to this thesis: patient representatives 

had an initiating, leading and interpreting role in prioritising the top 10 most urgent research 

questions in HG. Patient representatives also were an integral part of the design of the follow-

up study evaluating recurrence rates and mental health symptoms. We experienced that PPI 

in the research described in this thesis contributed to higher quality evidence and to insights 

and outcomes of greater relevance to patients. The general discussion will take a closer look 

at PPI in general and in current HG research: How has PPI become incorporated in current 

healthcare and medical research? What are the benefits of PPI? To what extent are patients 

and the public currently involved in HG research, other medical fields and research agendas? 

Lastly, suggestions for PPI in future research will also be given.

History and current involvement of patients in healthcare and research
Patient centred care (PCC) has become a concept that is widely applied in current clinical 

practice. Although there is no worldwide uniform definition for PCC, all definitions in literature 

revolve around patients being involved in healthcare to increase individualisation of care and 

a more holistic approach of healthcare, that includes focussing on the whole patient instead 

of focussing solely on patients’ disease or symtoms.1 Hippocrates already said “I would rather 

know what sort of person has a disease than what sort of disease a person has”. The term PCC was 

introduced in the literature in the early nineteen eighties and PCC only became common 

practice in healthcare in the past forty years.2 Before the late 20th century, the doctor had a 

dominant position in the patient-doctor relation, which over time has evolved into a more 

equal relationship.3 The introduction of Freud’s psychology theories led to the emergence of 

psychology in medical healthcare. It is thought that this has led to a change in doctors’ insight 

in patient perspectives: patients became more individual persons to doctors instead of being 

an object, which emphasized the importance of doctors listening to patients.3 An increase in 

accessibility to healthcare, an upward trend in education level and the onset of a more equal 

society because of the end of the class society in the 20th century have likely contributed in 

the evolvement of PCC. Additionally, the introduction of informed consent and the right to 

self-determination has led to an increase in patients’ autonomy and the patients’ right to make 
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their own choices and decisions in medical care. Taken together with the fact that medical 

information was becoming available to a wider audience through for example the internet, an 

increase of patients being involved in current healthcare practices has come about.3 In medical 

care, the benefits of PCC include higher patient satisfaction and increased perceived quality 

of care.4 In the Netherlands, a cross-sectional survey study showed that PCC led to an increase 

in patient satisfaction and patients’ physical and social well-being.5

Interestingly enough, when considering that PCC was already introduced in the eighties, its 

equivalent in research is of much more recent date. PPI in research was launched about 25 

years ago: INVOLVE was the first program that was set-up to support active public involvement 

in research as well as in healthcare and public health in 1996 in the United Kingdom.6 INVOLVE 

defined PPI as follows: research carried out with or by patients and their relatives as well as 

members of the general public rather than to, about or for them. PPI was first described in HIV 

and cancer research and later expanded into other fields of medicine.7 The United Kingdom 

(UK) was the first country to actively incorporate PPI in research, and to this day has maintained 

a leading position in PPI. For example, a recent systematic review that evaluated available PPI 

frameworks concluded that a majority of the available frameworks originated from the UK 

(34 out of 65 frameworks), whereas only three frameworks originated from the Netherlands.8 

Additionally, PPI is one of the requirements to receive funding from the National Institute of 

Health Research, the leading funder in the UK.9 When comparing this with other European 

countries, for example the Nordic countries, it is only mandatory to include PPI in research 

proposals to receive funding from governmental institutes in Norway, but not in Denmark, 

Sweden or Finland.10 In for example Germany, two of the largest governmental funding 

institutes include a section regarding whether patients are, or will be involved in their research 

proposal application forms, but do not state that PPI is mandatory.11 Throughout Europe, the 

European Patients’ Academy on Therapeutic Innovation (EUPATI) was launched in 2017, which 

is an European education program for patients to increase their knowledge on healthcare 

and research to improve PPI.12 Currently 21 European countries are involved and in 2019 also a 

Dutch version was launched.12, 13

Benefits of patient and public involvement in research
Several advantages of involving patients in research have been previously demonstrated. 

Identifying research topics that are important to patients and involving patients in developing 

study designs are thought to lead to an increase of patient recruitment and participation in 

studies, although the evidence to support this claim is scarce, and the size of possible benefits 

is not well known.14 Survey questionnaires and instruments can be improved by involving 
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patients. This is for example shown in a previously published study that involved patients and 

family members in exploring older patients’ needs in receiving pre-operative information and 

deciding on whether to undergo high-risk surgery.15 Available evidence from qualitative studies 

and experiences from patients and their relatives were discussed during monthly meetings, 

which resulted in a questionnaire that was used at the outpatient clinic to improve shared 

decision making in whether older patients should undergo surgery. Moreover, PPI can lead 

to improvement of communication of study results. For example when patient organisations 

have been involved in research, they can contribute to the dissemination of study results, in 

which they are also likely to reach a wider audience of patients.14 Trust, commitment and a 

good interaction between researchers and involved patients however, have been highlighted 

to be key elements to most optimally involve patients and public in research.16-18 In a recently 

published systematic review that included 36 studies, most studies reported a positive 

attitude towards PPI among professionals, although there were also studies that concluded 

that the role of PPI remained marginal or tokenistic and that there was reluctance towards PPI 

implementation among professionals.19

Current patient and public involvement in HG research
In HG research, patients have been increasingly involved, or even taking the lead, in the last 

decade. Patient organisations from different countries, including the HER foundation, Pregnancy 

Sickness Support (PSS) and Zwangerschapsmisselijkheid en hyperemesis gravidarum (ZEHG), 

have been involved in HG research and contributed to emancipation of HG sufferers in both 

research and clinical healthcare. From 2015 on, the International Collaboration for Hyperemesis 

Gravidarum (ICHG) research, a working group that consists of patient organisations, researchers, 

and practising clinicians, has co-organised scientific conferences and has the ambition to 

collaboratively push the research agenda forward. Patients have been involved in the process 

of developing a core outcome set and definition for HG as well as in the identification of the 

top 10 most priority research questions in HG.20-22 Even though this is an important step in PPI 

in HG research, there is still plenty of room for improvement: Chapter 2 of this thesis includes 

a systematic review that collected evidence on the top 10 most priority research questions in 

HG and also reported on PPI of the included studies. In about 8% (n=31 studies) of the over 400 

included studies patients were involved in conducting HG research. Although some studies 

included PPI, this percentage of 8% is still very low. When looking more specifically at the type 

of study design and PPI, we noticed that 35% (11/31) of the studies that reported PPI were survey 

studies. In studies with a different design, for example randomised controlled trials (RCTs), 

none of the completed trials described PPI. Only one included RCT protocol of an ongoing 

trial reported having included PPI in the protocol development.23 When looking at registered 
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HG clinical trials in Europe, the only other registered, recently completed RCT in the United 

Kingdom (the EMPOWER study: EMesis in Pregnancy - Ondansetron With mEtoclopRamide, 

results not yet published),24 also report PPI in the development and execution of the study. 

This could mean that there is an upward trend in PPI in high quality research, which is an 

important step in current research practices. Another explanation could be that previously PPI 

was simply not reported and that nowadays, to receive funding from governmental institutes, 

PPI is mandatory, just like reporting of PPI in study protocols and published studies, whereas 

earlier this was not the case. This might lead to PPI not always being reported in previously 

published literature, despite the fact that they have been involved.

Current PPI in HG guidelines and thus research implementation is sparse. HG guidelines have 

been published by the American College Of Obstetricians and Gynaecologists, the UK’s 

Royal College of Obstetricians and Gynaecologists and the Nordic Federation Of Societies of 

Obstetrics and Gynaecology, in which only the guideline of the Royal College of Obstetricians 

and Gynaecologists reports involvement of a patient representative.25-27 The first Dutch 

guideline for HG is currently being developed by the Dutch Association Of Obstetrics and 

Gynaecology (NVOG) and will be available mid-2023. The Dutch patient organisation ZEHG 

is involved in its development. The guideline, and the active patient involvement in its 

development, will address a long-held wish of the HG patient community in the Netherlands, 

which is to have a more consistent national approach with joined primary and secondary care.28

Patient and public involvement in setting up research agendas within 
obstetrics and gynaecology

Research agendas have been developed to prioritise research topics and to reduce research 

waste in the future.29 Research agendas aim for a better match in priorities of patients and 

healthcare professionals and research questions that are being addressed by researchers.30 

Additionally, research agendas increase awareness among funders which topics are most 

important for patients and healthcare professionals and that need funding. In the obstetrics 

and gynaecology sector in the Netherlands, the NVOG started to develop a national research 

agenda in 2016 (published in 2017 and updated in 2020) in order to identify current knowledge 

gaps in the field.31, 32 In these research agendas the top 10 most urgent research questions in 

obstetrics and gynaecology together as well as the top 10 most urgent research questions in 

obstetrics alone were identified. This framework has its limitations. For example, since HG is just 

a small part of the obstetrics and gynaecology field, none of the research questions included 

in the 2017 agenda, or in any of the subsequent versions, concerned HG. Additionally, PPI is 

10
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limited: current PPI consists of including the patient federation in the process of suggesting 

research questions and priority voting, and of involving only the largest patient organisations.

A commonly used methodology to identify top 10 priority research questions in a research 

topic is the James Lind Alliance (JLA) methodology, which originates from the UK.33 This method 

was also used to identify the top 10 most urgent research questions in HG, as described in 

chapter 2. The JLA methodology consists of setting up a Priority Setting Partnership, including 

multiple stakeholders such as patients and their carers, healthcare professionals and researchers, 

that identify so far unanswered, priority research questions with use of surveys and online 

meetings.33 The JLA method consists of five steps: Step 1) setting up a steering group; Step 

2) gathering uncertainties by use of for example an online survey, although in some cases 

also interviews and/or discussion groups take place; Step 3) data processing and verifying 

uncertainties by reviewing and interpreting survey responses; Step 4) interim priority setting 

which consists of reducing the number of research questions collected; Step 5) final priority 

setting where all questions are ranked in priority order.

The JLA has previously identified top 10 research questions in other subspecialties of 

Gynaecology and Obstetrics, as for example endometriosis, lichen sclerosus, miscarriages 

and preterm birth.34-37 When taking a closer look at for instance the top 10 priority research 

questions of endometriosis, it is interesting to see the differences in ranking between patients 

and their carers and researchers and healthcare professionals. Healthcare professionals and 

researches ranked research topics such as the “the cause, risk and pathology”, “diagnosis and 

screening”, “treatments” and “fertility” higher than patients and their carers.38 On the other 

hand, patients and their carers designated “education and awareness”, “emotional impact” 

and “comorbid conditions” as more important topics.38 Similar differences between patients 

and professionals perspectives were found in the emergence of priority research questions in 

preterm birth.37 Both groups listed “Which treatments are most effective to predict or prevent 

preterm birth?” as the most important research question. The second most important question 

to patients however (“The optimum milk feeding strategy and guidance for the best long-term 

outcomes of premature babies?”), eventually ended up as question number six in the final 

top 10, while the third most important research question to patients (“How do stress, trauma 

and physical workload contribute to the risk of preterm birth?”) did not make the top 10, and 

ended up as question number 18.

160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   394160903_Kelly_Nijsten_BNW-def(inclusief_appendix).indd   394 25-8-2022   20:11:1125-8-2022   20:11:11



395

General discussion and future implications 

Patient and public involvement in setting up research agendas in other 
fields of medicine

Previously we described the JLA method that includes professionals, researchers and patients to 

prioritise research questions with use of surveys and online meetings. Another similar method 

to prioritise research questions is the Dialogue Model, a method that has been developed and 

validated in the Netherlands.39 The Dialogue Model comprises six phases and, similar to the 

JLA, includes multiple stakeholders.39 The first phase consists of a exploration phase in which 

participants are gathered and first information is collected by a literature search. In the second 

consultation phase, multiple different stakeholders are consulted separately in order to set up 

a list of research questions. In the third prioritisation phase, research questions identified in 

phase two are prioritised, and in the fourth phase these research questions are combined into 

one research agenda including the top 10 research priorities after discussing them between 

the different stakeholders. Additionally, there are phase 5 and 6 that include programming and 

implementation of the research agenda to receive funding and make sure that the research 

agenda is used among researchers. The dialogue and JLA method have many similarities. 

However, in the JLA method information from different participants is gathered mostly through 

surveys, with the additional possibility to include interviews and discussions between patients 

and participants, while the main focus of the dialogue method lies on the dialogue meetings 

in phase 4, where patients get into conversations with professionals.

In 2006 the Dutch Burns Foundation developed a research agenda according to the Dialogue 

Model.40 In the first phase patients ranked “itchiness” as the top priority research topic, while 

researchers and healthcare professionals did not consider it as an important research topic. 

However, eventually in the fourth phase, when conducting dialogue meetings between burn 

survivors, researchers and clinicians, “itchiness” was ranked as the second most important 

research topic among the theme “tissue regeneration”.40 Another example can be found within 

the Netherlands Asthma Foundation, that also created a revised research agenda in 2009 with 

use of the Dialogue Model. Involvement of patients in setting up this research agenda led to 

inclusion of co-morbidity, fatigue and psychological problems such as stress and depression 

among Asthma and COPD patients in the top 10 list, topics that were not previously recognised 

as important matters.41

While PPI was included in prioritising research topics in burn care as well as in the Asthma and 

COPD field, phase 5 and 6 of the Dialogue Model are eventually most important. As described 

earlier, phase 5 evaluates if research about one of the priority topics has been carried out 

or whether funding has been sought or granted, while phase 6 evaluates whether patients 

10
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were involved in research projects on a regular basis after the research agenda was set up.39 A 

qualitative study looked into whether phase 5 and 6 were applied in eight different medical 

health categories in the Netherlands that previously developed a research agenda with use of 

the Dialogue Model.18 The follow-up of nine different research agendas were critically assessed, 

among which the earlier discussed research agendas of the Dutch Burns Foundation and 

Asthma and COPD. The development of three out of nine research agendas was funded by 

the local government. These three research agendas did not lead to a formal funding program, 

neither were the large part of the included research topics funded in a later stage: in two 

out of three research agendas only two research topics eventually received funding, while 

none of the research topics of the third research agenda received funding. Only some patient 

involvement was described in implementation in these three studies. The other six out of the 

nine research agendas resulted in a formal funding program and active implementation of 

the research agendas, although patient involvement was described as limited. All six of these 

research agendas were funded by charity foundations of the disease in question, which could 

be a reflection of a higher level of commitment or higher resource levels among the patient 

representatives involved, compared to PPI in governmental funded research agendas. The 

research agenda of the Dutch Lung Foundation was the only research agenda that followed 

formal programming and implementation including PPI, with for example currently all grant 

applications being reviewed by a patient pool, which was shown to encourage implementation 

of the research agenda.42

Future implications
PPI played an important role in the design, the conduction and interpretation of data from 

research that was included in this thesis, which was invaluable for the reseach and its translation 

to clinical practice. PPI in research is in an upward trend and advantages of PPI in research 

have been described in the current chapter. However, we also described that there is only a 

relatively small amount of evidence available and that the results of the effects of including 

PPI in research are not consistent.14 Some studies stated that there is a likely possibility that 

PPI is simply being reported since PPI is required for funders instead of them actively being 

involved and that PPI is only included in the final stages of research projects instead of from 

the beginning.43 Previously, a systematic review also showed that there is insufficient evidence 

available on how to optimally involve patient representatives in research.44 For those reasons, 

some professionals are still reluctant to include PPI in research.19 An important role in future 

research therefore lays in further exploring the benefits of PPI in research and how PPI can 

most optimally be incorporated.
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General discussion and future implications 

When looking specifically at HG research, patients and public have been involved in some 

important research developments over the past years: the development of a core outcome 

set, creating a uniform worldwide definition for HG and in prioritising the top 10 most urgent 

research questions.20, 22, 45 An important next step in PPI in HG research is to also include PPI 

in the following programming and implementation phases, since previous research in other 

fields of medicine showed that PPI in these phases often still need improvement.18 This includes 

further gathering evidence (or funding to support research) on the top 10 most priority research 

questions in HG, with the questions ranked highest in the top 10 being most urgent, and 

to incorporate PPI in early stages of research projects and in updating guidelines. This will 

lead to research that suits the needs of both healthcare professionals and patients and to an 

improvement of HG care.

10
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Summary

In chapter 1, the general introduction of this thesis, we give a summary about HG in general. 

We describe that it is likely that HG has a multifactorial aetiology and we give an overview 

of the current available anti-emetic medications and lack of any curative treatment. We also 

illustrate that HG has an enormous impact on people suffering from HG. HG can lead to anxiety, 

depression and post-traumatic stress disorder symptoms that can maintain after suffering from 

HG. Lastly, we describe that there is a need for a more up-to-date review about the current 

available evidence on perinatal and long-term effects of HG in offspring.

Part I, including chapter 2, presents the top 10 priority research questions in HG that were 

recently identified. Current knowledge gaps and available evidence for these top 10 research 

questions were systematically assessed by including 406 articles that were displayed in an 

evidence map. The evidence map highlighted that the least evidence was available on finding 

a cure for HG (priority question 1), preventative treatment (priority question 4) and on how to 

achieve nutritional requirements in pregnancy (priority question 10). There was also lack of 

evidence for most other top 10 questions.

Part II addresses the effects of HG on maternal future health. In chapter 3 we investigated 

whether thyroid function could be used as a marker for monitoring en predicting the disease 

course of HG and concluded that this was not the case, due to inconsistent findings. Chapter 

4 presents a prospective follow-up cohort study that showed that the chance of people 

suffering from HG again is high (89%). We also demonstrated that many people postponed 

their pregnancy due to suffering from HG in the past (40%) and that people even considered 

terminating their otherwise wanted pregnancy because of recurrent HG (23%). Chapter 5 

demonstrates maternal mental health outcomes in a follow-up study of a prospective cohort 

of people that previously suffered from HG. Anxiety and depression symptoms were frequently 

reported at six weeks postpartum (24 and 20%), as well as at follow-up about 4.5 years later 

(40 and 27%), which is much higher than the incidence among pregnant or postpartum 

people without HG. One out of five participants also had symptoms of a post-traumatic stress 

disorder at follow-up. In chapter 6 we present the results of a systematic review on HG-related 

vitamin K deficiency and corresponding maternal and neonatal complications. One cohort 

study and 14 case-reports were included that reported on maternal complications, which 

consisted of coagulopathy-related haemorrhage, and neonatal complications, which consisted 

of intracranial haemorrhage and embryopathy. We were unable to assess the incidence of 

vitamin K deficiency among HG patients and their offspring.
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Part III describes the effects of HG on offspring’s future health. In chapter 7 we present the 

results of a large systematic review and meta-analysis on perinatal outcomes of offspring of 

people suffering from HG. Sixty-one studies were identified reporting on 20,532,671 infants 

in total. Meta-analyses showed that maternal HG was more often associated with preterm 

birth <34weeks, birth weight <1500 grams, neonatal resuscitation, neonatal intensive care 

unit admission and placental abruption, and less often associated with birthweight >4000 

grams and stillbirths. No associations were found between HG and Apgar scores <7 at 1 and 5 

minutes, fetal loss, perinatal deaths and neonatal deaths in meta-analyses. In chapter 8 results of 

a systematic review and meta-analysis on long-term outcomes of offspring born to people with 

HG were displayed. Nineteen studies were included reporting on 1,814,785 offspring. Meta-

analyses showed that HG exposure in utero was associated with anxiety and sleep disorders 

in offspring and possibly testicular cancer in male offspring. Narrative synthesis showed that 

all six included studies reporting on attention deficit (hyperactivity) disorders and autism 

spectrum disorders found that these disorders were more common among HG-exposed 

offspring compared to non-exposed offspring. The majority of included studies reporting on 

cognitive and motor problems found an increase among HG-exposed children compared to 

non-exposed offspring. Findings of anthropometry and cardiometabolic disease markers were 

inconsistent among the five included studies. Lastly, in chapter 9 we analysed cardiometabolic 

disease markers in cord blood of offspring of people with HG and addressed whether there 

were differences among the disease spectrum of HG and between offspring of people who 

were allocated to receive tube feeding and to standard care. Multivariable analysis showed 

that lower maternal weight gain was associated with higher levels of apolipoprotein-B in cord 

blood. No associations were found between other HG severity measures or allocation to enteral 

tube feeding and cord blood cardiometabolic disease markers.

Chapter 10 includes the general discussion and future implications of this thesis. Here, we 

describe patient and public involvement (PPI) in research included in this thesis and PPI in 

general. We found that the possible benefits of PPI and how to optimally incorporate PPI in 

research have not been well investigated. We describe how PPI is currently applied in other 

fields of medicine and give examples of different research agenda’s that were developed 

with PPI and which methods were used to develop them. Future implications for further 

implementation and improvement of PPI in HG research consisted of future research focussing 

on the top 10 priority research questions and the involvement of patients representatives in 

updating/developing HG guidelines and early stages of research.

S
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Nederlandse samenvatting

In hoofdstuk 1, de introductie van dit proefschrift, geven we een samenvatting over HG in het 

algemeen. We beschrijven dat HG waarschijnlijk een multifactoriële etiologie heeft en we 

geven daarnaast een overzicht van de huidige beschikbare anti-emetica en het gebrek aan een 

curatieve behandeling. Tevens laten we zien dat HG een enorme impact heeft op mensen die 

lijden aan HG. HG kan leiden tot angst, depressie en post-traumatische stressstoornis klachten, 

die kunnen aanhouden tot na de bevalling. Als laatste beschrijven we dat er behoefte is aan 

een meer up-to-date overzicht van de huidige beschikbare literatuur over perinatale en lange 

termijn uitkomsten van nakomelingen van moeders met HG.

In deel I en hoofdstuk 2 presenteren we de recent opgestelde 10 meest belangrijke 

onderzoeksvragen in HG. Met behulp van een systematische review evalueerden we zowel 

de beschikbare literatuur als de huidige kennislacunes voor deze top 10 onderzoeksvragen. 

Vierhonderd zes artikelen werden geïncludeerd en weergegeven in een zogeheten “evidence 

map”: een digitale, visuele weergave van de huidige beschikbare literatuur. Deze evidence map 

liet zien dat de minste literatuur beschikbaar is over het vinden van een curatieve behandeling 

voor HG (vraag #1), preventieve behandelingsmogelijkheden (vraag #4) en over de benodigde 

voedingsstoffen tijdens de zwangerschap (vraag #10). Er was ook onvoldoende literatuur 

aanwezig om de meeste andere top 10 onderzoeksvragen te beantwoorden.

In deel II beschrijven we de effecten van HG op de gezondheid van moeders, zowel tijdens 

als na afloop van de zwangerschap. In hoofdstuk 3 onderzochten we of de schildklierfunctie 

gebruikt kon worden als voorspeller voor het ziekteverloop van HG en concludeerden we dat 

dit niet het geval was vanwege tegenstrijdige resultaten. In hoofdstuk 4 laat een Nederlandse 

prospectieve cohortstudie van patiënten die werden opgenomen voor HG zien dat er een 

hoog herhalingsrisico (89%) is op het opnieuw ontstaan van HG in een volgende zwangerschap. 

Daarnaast zagen we dat HG gepaard ging met het uitstellen van een kinderwens in verband 

met de kans op een recidief (40%), en dat zwangeren zelfs overwogen om hun gewenste 

zwangerschap te beëindigen vanwege het opnieuw doormaken van HG (23%). In hoofdstuk 5 

laten we de gevolgen van HG zien voor maternale psychiatrische klachten in een prospectief 

cohort van patiënten die waren opgenomen voor HG in een eerdere zwangerschap. Angst- 

en depressieklachten waren veelvoorkomend zes weken postpartum (24 en 20%), en ten 

tijde van de vervolgstudie ongeveer 4,5 jaar later (40 en 27%), wat beduidend hoger is dan 

de incidentie onder zwangeren/kraamvrouwen zonder HG. Een op de vijf deelnemers had 

ongeveer 4,5 jaar na de zwangerschap met HG ook symptomen van een posttraumatische 
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stressstoornis. In hoofdstuk 6 presenteren we de resultaten van een systematische review 

over HG gerelateerde vitamine K deficiëntie en de bijbehorende maternale en neonatale 

complicaties. Eén cohortstudie en 14 case reports werden geïncludeerd die rapporteerden 

over maternale complicaties, bestaande uit stolling gerelateerde bloedingen, en neonatale 

complicaties, bestaande uit intracraniële bloedingen en embryopathie. De incidentie van 

vitamine K deficiëntie onder HG patiënten en hun nakomelingen kon niet worden bepaald.

Deel III geeft de effecten van HG op de gezondheid van nakomelingen weer. In hoofdstuk 

7 presenteren we de resultaten van een grote systematische review en meta-analyse over 

perinatale uitkomsten van nakomelingen van mensen met HG. Er werden eenenzestig 

studies met in totaal 20,532,671 neonaten geïncludeerd. Meta-analyses toonde aan dat HG 

geassocieerd was met vroeggeboorte <34 weken, geboortegewicht <1500 gram, reanimatie 

van de pasgeborene, neonatale intensive care unit opnames en placenta loslating. HG was 

tevens geassocieerd met een afname in een geboortegewicht >4000 gram en een afname van 

intra uteriene vruchtdood. Er werd geen associatie gevonden tussen HG en Apgar scores<7 

bij 1 en 5 minuten, miskramen, perinatale sterfte en neonatale sterfte in meta-analyses. In 

hoofdstuk 8 worden de resultaten van een systematische review en meta-analyse over de 

lange termijn gevolgen van nakomelingen van mensen met HG weergegeven. Negentien 

studies werden geïncludeerd met in totaal 1.814.785 nakomelingen. Meta-analyses lieten zien 

dat HG geassocieerd was met angststoornissen, slaapproblemen en mogelijk teelbalkanker 

bij nakomelingen. Alle zes studies over aandachtsproblemen (met of zonder hyperactiviteit) 

en problemen in het autismespectrum rapporteerden een toename hiervan bij kinderen van 

moeders met HG in vergelijking met kinderen van niet-aangedane moeders. In de meerderheid 

van de geïncludeerde studies werden bij kinderen van moeders met HG meer cognitieve en 

motorische problemen waargenomen dan bij kinderen van niet-aangedane moeders. Studies 

naar cardiale en metabole ziekten toonden wisselende resultaten. Ten slotte hebben we in 

hoofdstuk 9 cardiale en metabole ziektemarkers in navelstrengbloed van nakomelingen van 

vrouwen met HG bepaald. We onderzochten of er verschillen waren tussen patiënten met 

een milde en ernstige HG, en tussen nakomelingen van HG patiënten die gerandomiseerd 

werden voor sondevoeding of voor standaardzorg. Multivariabele regressie toonde aan dat 

een lagere maternale gewichtstoename in de zwangerschap geassocieerd was met hogere 

apolipoproteine B waardes in navelstrengbloed van nakomelingen. Er werd geen associatie 

gevonden tussen cardiale en metabole ziektemarkers en andere maten van de ernst van 

HG. Tevens werden geen verschillen gevonden in cardiale en metabole ziektemarkers in 

navelstrengbloed van nakomelingen van HG patiënten die gerandomiseerd werden voor 

sondevoeding of voor standaardzorg.

A
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Hoofdstuk 10 bevat de discussie en aanbevelingen voor de toekomst van dit proefschrift. 

We beschrijven hier de patiënt participatie (PPI) in het onderzoek dat is opgenomen in dit 

proefschrift en in onderzoek in het algemeen. Wij zagen dat de mogelijke voordelen van PPI 

en het zo optimaal mogelijk implementeren van PPI niet goed onderzocht is. We beschrijven 

tevens hoe PPI momenteel wordt toegepast in andere sectoren in de gezondheidszorg 

en geven voorbeelden van verschillende onderzoek agenda’s die met behulp van PPI zijn 

opgesteld en welke methoden hiervoor zijn gebruikt. Aanbevelingen voor de toekomst voor 

verdere implementatie en het verbeteren van patiënt betrokkenheid bij HG onderzoek bestaan 

uit het focussen op de top 10 meest belangrijke onderzoeksvragen in HG en het betrekken van 

patiëntvertegenwoordigers in het updaten/opstellen van HG richtlijnen en in vroege stadia 

van onderzoeksprojecten.
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oor en het sparren over van alles en nog wat. 
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Zonder jullie support was dit nooit gelukt! 

Dear Caitlin, I really enjoyed working with you this final year. Your ambition and dedication in 

HG research is admiring and I hope we continue working on HG projects together in the future! 

And finally have some drinks in real-life again after many, many zoom meetings.

Lieve Larissa, mijn andere hyperemesis-buddy. Wij werken niet alleen heel fijn samen, maar 

hebben het ook nog eens mega gezellig samen, een top combinatie! Dat dit boekje er eindelijk 
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Lieve, lieve Anna. Hoe zou mijn tijd in het Flevoziekenhuis zijn geweest zonder jou? Een stuk 
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vandaag aan mijn zijde staat. Lieve Liselotte, lieve lies. Al sinds dat wij elkaar ontmoeten op 

onze eerste dag van onze studententijd in Amsterdam bij de introductieweek van biomedische 

wetenschappen zijn wij onafscheidelijk en hebben we zoveel raakvlakken in zowel ons 

privéleven als op werk gebied. Dankjewel voor al je hulp en steun de afgelopen 13 jaar. 

Lieve pap en mam, dank jullie wel voor al jullie hulp door de jaren heen. Jullie steun heb ik 

altijd gehad, in wat ik ook ging doen. Heerlijk om jullie nuchterheid om mij heen te hebben 

en om te weten dat jullie altijd trots zijn. Zonder jullie was dit niet gelukt! 

Lieve Joyce. Als oudere zus, die ook geneeskunde heeft gestudeerd en inmiddels kinderarts 

is, heb jij mij in zoveel mijlpalen van mijn carrière geholpen en gesteund: van de decentrale 
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soms een tikkeltje overwerkt. Hoe dan ook, je was er altijd voor mij en hielp me altijd mijn 

gedachten op een rijtje te zetten en te ontspannen wanneer ik thuis kwam. Ik zou niet weten 

hoe ik dit zonder jou had moeten doen. Op een hele mooie toekomst samen! 
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