HYPEREMESIS GRAVIDARUM

DEFINITION, TREATMENT, PROGNOSIS AND OFFSPRING OUTCOME

MARJETTE KOOT






HYPEREMESIS GRAVIDARUM

DEFINITION, TREATMENT, PROGNOSIS AND OFFSPRING OUTCOME

MARIJETTE KOOT



PhD Thesis, AMC-University of Amsterdam, The Netherlands

© 2019 Marjette Koot, Amsterdam
All rights reserved. No part of this thesis may be reproduced, stored in a retrieval system or

transmitted to any form or by any means, without permission of the author.

Cover design Karlijn Jacobs

Layout Marjette Koot

Printed by GVO drukkers & Vormgevers B.V.
ISBN 978-94-6332-459-5

Finanial support for printing this thesis was provided by AMC Medical Research BV, ChipSoft,
Goodlife Fertility BV, IM-sercices, Nutricia Early Life Nutricion and Sorgente



HYPEREMESIS GRAVIDARUM

DEFINITION, TREATMENT, PROGNOSIS AND OFFSPRING OUTCOME

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus
prof. dr. ir. K.I.J. Maex
ten overstaan van een door het College voor Promoties ingestelde commissie,
in het openbaar te verdedigen in de Agnietenkapel
op vrijdag 22 maart 2019, te 14:00 uur

door
Margreet Henriétte Koot

geboren te Insingiro



Promotiecommissie

Promotor prof. dr. T.J. Roseboom AMC-UvA

Co-promotores dr. I.J. Grooten AMC-UvA
dr. R.C. Painter AMC-UvA

Overige leden prof. dr. J.B. van Goudoever AMC-UvA
prof. dr. M. Goddijn AMC-UVA
dr. M\W. Langendam AMC-UvVA
prof dr. C.B. Lambalk Vrije Universiteit Amsterdam
prof. dr. J.C. Seidell Vrije Universiteit Amsterdam
prof. dr. R. Gadsby University of Warwick

Faculteit der Geneeskunde






Contents

Chapter 1 General introdcution and outline of this thesis 9
Part | Markers and determinants of hyperemesis gravidarum disease severity
Chapter 2 Ketonuria is not associated with hyperemesis gravidarum 19

disease severity

Chapter 3 Determinants of disease course and severity in hyperemesis 43
gravidarum

Part Il Treatment of hyperemesis gravidarum

Chapter 4 Hyperemesis gravidarum: current state of affairs 61

Chapter 5 Early enteral tube feeding in optimizing treatment for 73

hyperemesis gravidarum: the MOTHER randomized controlled
trial (Maternal and Offspring outcomes after Treatment of
HyperEmesis by Refeeding)

Part Il Long-term consequences for offspring health

Chapter 6 Hyperemesis Gravidarum and cardiometabolic risk factors in 97
adolescents: a follow-up of the Northern Finland Birth Cohort
1986

Chapter 7 Hyperemesis Gravidarum and long-term consequences for 115

psycho-behavioural development of the offspring - The
Northern Finland Birth Cohort 1986 study

Part IV Definition of hyperemesis gravidarum

Chapter 8 Variation in hyperemesis gravidarum definition and outcome 137
reporting in randomised clinical trials: a systematic review

Chapter 9 General discussion 161



Appendices

Summary

Nederlandse samenvatting

Hyperemesis gravidarum: stand van zaken
PUQE-24 questionnaire

List of co-authors

PhD Portfolio

List of publications

Dankwoord

About the atuhor

175
179
183
193
195
199
201
203
207






General introduction and outline
of this thesis



Chapter 1

Hyperemesis gravidarum: historical aspects

Nausea and vomiting during pregnancy are symptoms that have been known for millenniaand
are considered part of a normal, healthy pregnancy. The oldest description about vomiting
as a symptom of early pregnancy dates as far back as 2000 BC, in the ancient Kahun Papyrus,
the oldest medical text found in Egypt.! The link between the degree of nausea and vomiting
and female gender was probably already described by Hippocrates (460-377 BC), who said
that a woman pregnant with a female foetus would have an unhealthy pale appearance.?
The first more detailed description about nausea and vomiting in pregnancy was from
Soranus (98-138 AD), a physician who practiced medicine in Rome around 120 AD. Soranus
described how the sickness of pregnancy commences around the fortieth day of pregnancy
and persists for maximum 4 months. He also described that some women are affected with
vomiting at intervals, dizziness, headache, pallor, the appearance of undernourishment
and that some may display jaundice.® The latter might be the first description in literature
of what later would be referred to as ‘hyperemesis gravidarum’ (HG), an extreme form of
nausea and vomiting in pregnancy. In 1706 the first death of a pregnant woman associated
with vomiting was reported.? History’s most famous fatal case of HG is probably the English
novelist Charlotte Bronté (1816-1855), author of Jayne Eyre. Her condition was described as
‘a neurosis and rejection of her pregnancy and femininity’, although an analysis of Bronté’s
last month’s casts doubts about whether she really was pregnant.* There were indications
that tuberculosis with secondary Addison’s disease was more likely to be the cause of her
death. An explanation for here falsely stated cause of death may be that many found it to
be unacceptable that a literary work of such magnitude could be written by a woman. The
argument that this was not the work of a genius but simply the description of a neurotic
woman may have been more comforting.* What really caused Bronté’s death will remain
unknown, but unfortunately she was not the last woman whose symptoms were ascribed
to neurosis or hysteria. Although very early theories about the aetiology of nausea and
vomiting in pregnancy suggested a neurological connection between abdominal organs and
the growing uterus, by the late 19" century intrapsychic theories about the cause of the
condition took the upper hand.> In 1934, Atlee suggested that severe nausea and vomiting
in pregnancy may be a ‘distorted attempt on the part of the woman’s unconscious mind to
rid herself of her foetus’® and in 1968, Fairweather suggested that vomiting in pregnancy
was associated with hysterical personality types and lower intelligence.?

There has been a renewed interest in the aetiology of nausea and vomiting in pregnancy
since the 1980s and original theories have been developed and refined. Since then, the
aetiology of HG has been considered multifactorial with proposed underlying causes related

to abnormal placental growth, maternal endocrine function and gastrointestinal function.”
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Introduction

Definition and diagnosis

The first clinical description of different stages of vomiting during pregnancy dates back to
1852 when A.P. Dubois, a French obstetrician, divided the syndrome in 3 stages:

First, constant vomiting associated with considerable emaciation and frequently with
troublesome dribbling of saliva, at the same time urine becomes scanty and highly
coloured and the pulse somewhat accelerated. Second, the vomiting becomes still
more severe, emaciation more pronounced and the breath assumes a peculiar acid
and fetid odour. The pulse increases in frequency and there may be a slight rise in
temperature. Third, there is an apparent amelioration of symptoms for a short time
during which vomiting sometimes ceases and the patient passes into delirium or a
torpid condition and dies in coma or convulsions.8°

It is not entirely clear when the term ‘hyperemesis gravidarum’ was first used, but one of
the first written accounts of the term is probably from 1898, when C.S. Bacon, an American
obstetrician linked the term to the classifications of Dubois.!® A panel appointed by the
American Council on Pharmacy and Chemistry in 1956 defined HG as “intractable vomiting
and disturbed nutrition, such as alteration of electrolyte balance, loss of weight of 5% or
more, ketosis and acetonuria, with ultimate neurological disturbances, liver damage, retinal
haemorrhage and renal damage”.!* However, Fairweather emphasises in his paper from
1968 that it is difficult to find a definition of HG in any obstetric textbook, as it is not easy to
distuingish between physiological NVP and HG.?

HG was for the first time included in the 6™ revision of the international classification of
disease (ICD). In ICD-6 (1949-1958) and ICD-7 (1955-1968) HG symptoms were not specified.
In ICD-8 (1968-1979) HG was described as “Hyperemesis with mention of neuritis or without
mention of neuritis”. ICD-9 (1979-1993) described HG as “excessive vomiting in pregnancy”’
and distinguished between mild HG and HG; with and without metabolic disturbances. ICD-
10 (1993-2018) added to ICD 9 that symptoms should have started before the 22" week of
gestation. In June 2018 ICD-11 was released differentiating between mild or unspecified HG
“vomiting occurring during pregnancy responsive to dietary modification and antiemetics”
and HG with metabolic disturbance “vomiting in pregnancy, not responsive to dietary
modification and antiemetic treatment and associated with electrolyte disturbances and

acid-base imbalance”.
In practice, HG is currently a clinical diagnosis made after other causes of nausea and

vomiting have been excluded. Commonly used criteria include severe nausea and vomiting,

weight loss, dehydration, electrolyte imbalances and the need for hospitalisation.?%13
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Chapter 1

Impact of hyperemesis gravidarum for mother and child

Womenwith HG are at risk of malnutrition. Arare but potentially life-threatening complication
is Wernicke encephalopathy, caused by acute thiamine deficiency.’ In addition to physical
complications, HG can have profound impact on maternal wellbeing and quality of life.>*”
There is evidence that these consequences persists beyond pregnancy with reports of post-
traumatic stress symptoms in up to 20% of women with HG.*®

There are indications that HG may lead to adverse perinatal outcomes,*'® especially
among patients with poor nutritional status?®* and symptoms that persist in the second
trimester.2? Research assessing possible long-term consequences of HG for the offspring
are limited.? Two studies reported an association between prenatal exposure to HG and
neurodevelopmental delay and an increased risk of psychological and behavioural disorders
in the offspring.2*?> Another study showed that insulin sensitivity in prepubertal offspring of
mothers with HG is decreased, which suggests an increased risk of cardiometabolic disease
later in life.%®

Treatment options

There is a lack of robust evidence for the efficacy of treatment and management of HG*"%®
and currently, there is no national guideline in the Netherlands for HG care. Hospital
admission with intravenous rehydration and antiemetic medication are often applied.**?
Two recent studies from the UK showed that rehydration therapy in day care setting is as
effective as rehydration therapy in inpatient management.3®3! There is evidence of safety for
the most frequently used antiemetics, including metoclopramide and antihistamines.?”-2832
Another anti-emetic that can be effective in the treatment of HG is ondansetron. Although
most studies found no association between maternal ondansetron use in pregnancy and
congenital anomalies, there have been indications for a small increase in congenital heart
disease and cleft palate.’*** Nonetheless, the Royal College of Obstetrics and Gynaecology
(RCOG) latest guideline considers ondansetron safe and recommends its use after the first
trimester.3* Dietary advice is sometimes given during HG treatment but is not evidence
based. Nutritional intervention studies are rare.?*> Other management options for HG that
have been explored are mindfulness-based cognitive therapy, acupressure and acupuncture,
showing conflicting results.?”* All in all, there are some treatment options available for HG,

but there is a paucity of high quality research and evidence.
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Introduction

Aims and outline of this thesis

So far, we have given a historical perspective and we have briefly summarised the current
state of affairs concerning knowledge, research and treatment options for HG. Although we
have illustrated that the perspective of the disease has improved over the past decades,
there are still several big hurdles in HG research and patient care. For one, the aetiology of
HG is poorly understood and tools to diagnose or predict disease severity are lacking. This
hampers identification of women at risk for a severe disease course of HG. Secondly, there
is an absence of high-quality evidence on the effective treatment of HG. This negatively
affects patient care. Third, research assessing possible long-term consequences of HG for
the offspring are limited. Therefore, potential harm for the offspring may not be addressed
in current clinical practice. Lastly, there is no consensus on the definition of HG, or on
outcomes that should be reported in trials. This hampers meaningful aggregation of trial
results in meta-analysis and implementation of evidence in guidelines. In this thesis, we will
address the identified problems by studying the following:

Part | studies potential biomarkers and determinants of HG disease severity. In chapter 2
we evaluate the use of ketonuria as a HG disease severity marker. In chapter 3 we explore
the association between patient characteristics and clinical features and several measures
of HG disease severity. Part Il addresses treatment options for HG. In chapter 4 we give an
overview of the current knowledge and treatment options available and we explain how
the Dutch patient association can contribute in patientcare. In chapter 5 we describe the
results of a randomised controlled trial (Maternal and Offspring outcomes after Treatment
of HyperEmesis by Refeeding), in which we assess the effectiveness of early enteral tube
feeding for maternal and offspring outcomes. Part lll explores whether HG is associated with
long-term health effects of the offspring. In chapter 6 we report on the association between
maternal hospital admission for HG and markers of cardiometabolic health, including
body mass index, blood pressure, glucose and lipid levels, in their 16-year old offspring. In
chapter 7 we report on the association between maternal hospital admission for HG and
several measures of psycho-behavioural development in their offspring at 8 and 16 years.
Part IV addresses the lack of an international consensus for HG definition. In chapter 8 we
describe how the lack of a consensus of the definition of HG hampers research and we
give an overview of the variation in HG definition and outcome reporting in randomised
controlled trials.
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Chapter 2

Abstract

Background Hyperemesis gravidarum (HG) is the most common reason for hospital
admission in early pregnancy. Ketonuria is advised in the diagnostic workup of HG in several
guidelines worldwide.

Objective To assess the association between the degree of ketonuria and different measures

of HG disease severity.

Study Design For this study, we combined data of the Maternal and Offspring outcomes
after Treatment of HyperEmesis by Refeeding (MOTHER) randomized controlled trial (RCT)
and its associated observational cohort with non-randomized patients. Between October
2013 and March 2016, in 19 hospitals in the Netherlands, women hospitalized for HG were
approached for study participation. The presence of ketonuria was not required for study
entry. Ketonuria was measured at hospital admission with a dipstick, which distinguishes 5
categories: negative and 1+ through 4+. The outcome measures where multiple measures of
HG disease severity at different time points 1) at hospital admission (study entry): severity of
nausea and vomiting, quality of life or weight change compared to pre-pregnancy weight. 2)
One week after hospital admission: severity of nausea and vomiting, quality of life or weight
change compared to admission. 3) Duration of index hospital admission and readmission for
HG at any time point

Results 215 pregnant women provided consent for participation (115 trial participants
and 100 cohort participants). Ketonuria was not associated with severity of nausea and
vomiting, quality of life or weight loss at hospital admission, nor was the degree of ketonuria
at admission associated with any of the outcomes 1 week after hospital admission. The
degree of ketonuria was also not associated with the number of readmissions (OR 0.87,
95%Cl: 0.66 to 1.1) . However, women with a higher degree of ketonuria had a statistically
significant longer duration of hospital stay (per 1+ ketonuria, difference: 0.27 days, 95% Cl:
0.05 to 0.48).

Conclusion We found no association between the degree of ketonuria and severity of nausea
and vomiting, quality of life or maternal weight loss. Despite this, women with a higher
degree of ketonuria at admission were hospitalized significantly longer. This could indicate
that health care professionals rely on the degree of ketonuria in clinical management.
Based on our findings there seems no additional value of the use of ketonuria in the clinical
management of HG.
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Ketonuria and HG disease severity

Introduction

Nausea and vomiting in pregnancy (NVP) affects 50-80% of pregnancies.! When vomiting
is severe or protracted the condition is often referred to as hyperemesis gravidarum (HG).
HG is much less common than NVP, affecting 0.2-3.6% of pregnancies.>® HG can have major
impact on maternal wellbeing and is the most frequent reason for hospital admission in
early pregnancy,®’ thus causing lost productivity and substantial health care costs.?®

Little is known about the, likely multifactorial, etiology of HG. Proposed underlying causes
are related to maternal endocrine function, abnormal placental growth and pre-existent
Helicobacter pylori infection.'®*2 Commonly used criteria to define HG combine a number
of clinical characteristics including protracted vomiting accompanied by weight loss,
disturbance of electrolyte balance, dehydration and ketonuria (presence of ketone bodies
in urine).®!* Ketone bodies are formed during lipolysis, which occurs when the body lacks
carbohydrates as an energy source.* Therefore, ketonuria is often seen as a measure of
starvation. Ketonuria is regularly used as a diagnostic criterion for HG®* and the determination
of ketonuria is advised in current guidelines.’>!* However, a systematic review published in
2014 have highlighted that only 5 studies assessed the value of ketonuria as a diagnostic
or disease severity marker of HG and concluded that the use of ketonuria cannot be
recommended in the diagnosis of HG (see Box 1 for an update of this systematic review).!

In order to assess the value of ketonuria in the management of HG, we investigated the
association between ketonuria at hospital admission and HG disease severity, in terms of
severity of nausea and vomiting, quality of life, maternal weight loss, duration of hospital

admission and readmission rate.
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Chapter 2

Box 1: Research in context

Systematic review

In order to interpret our findings in context, we updated the search of the systematic
review from Niemeijer et al.* on diagnostic markers for HG. The search was slightly
modified in order to focus more on urinary ketones. We searched Medline and Embase
from inception through July 2018 to identify articles that have reported on biomarkers
or ketonuria and HG. Etiologic, prognostic, predictive and diagnostic studies that have
reported on ketonuria in women with HG were included if they were written in English.
We excluded studies that used ketonuria as a study entry criterion, unless studies reported
on severity of HG in relation to the degree of ketonuria. Two reviewers independently
assessed study eligibility (MNN and MHK or 1JG). If consensus was not reached, a third
reviewer (RCP) was consulted. Quality of the included studies was evaluated using the
Quality in Prognosis Studies (QUIPS) tool, which rates individual studies according to the
potential risk of bias associated with 6 domains: participation; attrition; prognostic factor
measurement; confounding measurement and account; outcome measurement and
analysis and reporting.'” A full description of the method of the systematic review is added
in appendix A.

In total 4670 individual articles were screened (Supplementary Figure 1). We included
7 studies; 2 studies (n=245 patients) reporting on the association between ketonuria
and presence of HG18, 19 and 5 studies (n=1266 patients) reporting on the association
between ketonuria and HG disease severity. HG disease severity was defined as
PUQE-24 score (1 study), readmission rate (2 studies) or prolonged hospital stay (>4
days) (2 studies) (Supplementary Table 1).2°2* In most studies, there was low or moderate
concern about risk of bias regarding study participation, attrition, outcome measurement
and statistical analysis. However, 3 studies had a high risk of bias regarding prognostic
factor measurement, caused by unclear reporting on method and time point of ketonuria
measurement. Four studies had a high risk of bias regarding confounding, caused by
unclear reporting on and identification and handling of confounders in statistical analyses

(Supplementary Figure 2).

The 2 studies reporting on ketonuria as a diagnostic marker for HG were equivocal, although
the largest study did find an association between the presence of HG and ketonuria. The
only study reporting on symptom severity as a measure of HG disease severity found that
women with a higher PUQE-24 had a significantly higher degree of ketonuria (PUQE-24
score £ 6; median ketones 2 [IQR 1 3], PUQE-24 7-12; median ketones 3 [IQR 1-4] and
PUQE-24 >13; median ketones 3 [IQR 2-4], p<0.001).20 The other 4 studies reporting on

22



Ketonuria and HG disease severity

ketonuria as a measure of HG disease severity used duration of hospital admission or
readmission as outcome measures and categorized ketonuria into a dichotomous measure
differentiating between no/mild and severe ketonuria (0-2 vs 3-4 urinary ketones??* and
0-3 vs 4 urinary ketones?'%). One study found an association between severe ketonuria
and a hospital stay >4 days, however this association was not statistically significant after
adjustment for confounders (adjusted OR 2.1; 95%Cl 1.0 to 4.6).2 The other studies found
no association between severe ketonuria and prolonged hospital stay or readmission
rate.21 22, 24 Odds ratios for readmission rate and prolonged hospital stay are shown in

Figure 1.

Interpretation and added value of this study

This systematic review shows that little research has been done to assess the value of
ketonuria as a diagnostic or disease severity measure for HG. Only 1 study found that
severe ketonuria was associated with prolonged hospital admission, whereas 3 other
studies did not report an association between ketonuria and HG disease severity in
terms of prolonged hospital admission and readmission. One study found an association
between degree of ketonuria and PUQE-24 score. Our study investigates multiple objective
and subjective measures of HG disease severity at multiple time points and is therefore of

great added value in the knowledge of this topic.

Figure 1 Forest plot hyperemesis gravidarum disease severity

——Morris et al. Radmission; ketonuria 0-2 vs 3-4 R

——Tan et al. Radmission; ketonuria 0-3 vs 4 ——

——Tan et al. Prolonged hospital stay; ketonuria 0-2 vs 3-4 g

—Tan et al. Prolonged hospital stay; ketonuria 0-3vs 4 .
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Chapter 2

Methods

Study design

For this study, we used data of the Maternal and Offspring outcomes after Treatment of
HyperEmesis by Refeeding (MOTHER) randomized controlled trial and its associated cohort
with women that were eligible but refused randomization.'®?® The MOTHER trial was a
randomized controlled trial designed to evaluate whether early enteral tube feeding in
addition to standard care could be beneficial for maternal and offspring outcomes in patients
with HG (www.trialregister.nl; NTR4197). The study was performedin 19 hospitals throughout
the Netherlands, both university medical centres and general hospitals collaborating in the
Dutch Consortium for Healthcare Evaluation and Research in Obstetrics and Gynaecology.
After informed consent, trial participants were randomly allocated to enteral tube feeding
in addition to standard care or standard care alone. Standard care consisted of intravenous
rehydration, antiemetic medication, electrolytes, vitamin supplements, and dietetic advice
according to local protocol of the hospital. For extensive details on the design of the MOTHER
trial see study protocol.? Women who refused trial participation were asked to participate in
an observational cohort study. The MOTHER trial showed that early enteral tube feeding did
not improve maternal and neonatal outcomes in women with HG. There was no difference
in use of anti-emetics, duration of hospital admission(s), number of readmission, 24-hour
Pregnancy Unique Quantification of Emesis (PUQE-24) scores and quality of live between
the intervention and the control group.® Therefore, we combined the participants in both
the trial and the observational cohort into these analyses. The MOTHER trial and associated
cohort was approved by the research ethics committee of the Academic Medical Centre,
Amsterdam, and by the boards of directors of all of the participating hospitals.

Population

We enrolled women admitted to the hospital because of HG with a gestational age between
5+0 weeks and 19+6 weeks. Admission criteria were defined according to local protocol of
the participating hospitals.?® Ketonuria was no inclusion criterion for participants. Patients
with other causes of nausea and vomiting such as infection or drug-induced vomiting were

excluded.

Data collection

Ketonuria measurements were performed according to the local protocol of the hospital.
Almost all hospitals included a standard ketonuria measurement at hospital admission
in their protocol (Supplementary Table 2). Ketonuria was measured with a dipstick,
which distinguishes 5 categories: negative (0 mg/dL), 1+(minor ketonuria; 0.5-15 mg/dL),
2+(moderate ketonuria; 15-40 mg/dL), 3+(serious ketonuria; 40-80 mg/dL) and 4+(severe
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ketonuria; 80-160 mg/dL). No information regarding ketonuria during hospital admission
and at day of discharge was gathered. Trained research staff used a standardized case
report form to obtain information from medical records. This included medical history, age,
parity, weight at inclusion, gestational age, laboratory values including ketones and hospital
admission(s) for HG and treatments for HG. Pre-pregnancy weight, ethnicity and education
level were self-reported at baseline. Education level served as a proxy for socioeconomic
status (SES) and was based on the highest level of completed education (none or primary
school; secondary school; higher education). Women completed a questionnaire at baseline
and 1 week after inclusion containing the PUQE-24, Nausea and Vomiting in Pregnancy
specific Quality of Life questionnaire (NVPQoL)?” and the Hyperemesis Impact of Symptoms
questionnaire (HIS)?® (Appendix B). The PUQE-24 consists of questions regarding the time-
span of nausea, vomiting and retching. A higher score reflects more severe symptoms of
nausea and vomiting and is associated with a lower quality of life.?>* The NVPQolL is a
nausea and vomiting in pregnancy-specific quality of life questionnaire; a higher score is
associated with a lower quality of life.?” The HIS is a questionnaire which assesses the impact
of HG on physical and psychosocial functioning. A higher score is associated with increased

impact on maternal functioning.?®

Outcome measures
Measures of disease severity during hospital admission (study entry)
- PUQE-24 score at admission
- NVPQol score at admission
- Maternal weight change compared to pre-pregnancy weight at admission
Measures of disease severity > 1 week after hospital admission
- PUQE-24 score 1 week after admission
- NVPQol score 1 week after admission
- Maternal weight change compared to weight at hospital admission, 1 week after
hospital admission
Hospital stay
- Duration of index hospital admission

- Readmission for HG, at any time point

Statistical analyses

We presented normally distributed continuous variables as means with standard deviations
(SDs) and skewed distributions as medians with interquartile ranges (IQRs). Categorical
variables were presented as numbers with percentages. To assess whether there was an
association between the degree of ketonuria and measures of disease severity we used
linear regression for continuous dependent variables reported in differences (8) with 95%
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confidence intervals (Cl) and logistic regression for dichotomous variables reported in odds
ratios (OR) with 95%Cl. We therefore treated ketonuria as an ordinal variable with equally
divided intervals (range 0-4).3! We confirmed that residuals of dependent variables, included
in linear regression, followed a normal distribution by examining the Normal Probability (P-
P) plots. We performed several sensitivity analyses. First, we assessed whether baseline
characteristics and measures of disease severity differed between women in whom urinary
ketone measurement was performed at hospital admission and women in whom no urinary
ketone measurement was performed. Second, we assessed whether baseline characteristics
and measures of disease severity differed between women with negative ketonuria and
positive ketonuria (any degree). Chi-square, Mann—-Whitney U tests, and independent
Student’s t tests were used for these analyses. Lastly, we compared the percentage of
missing for different ketonuria subgroups (no statistical test performed). All analyses were
performed using SPSS version 24.0 for Windows (IBM Corp., Armonk, NY, USA).

Patient and public involvement
There was no patient and public involvement in this study.

280 elighle women

> Refused participation n = 65

\

Study participant n = 215

Trial participants n = 115
Cohort participant n = 100

Y

No ketonuria measurement n = 34

Included in analysis n = 181

Figure 2 Flow diagram participants
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Results

Between October 2013 and March 2016, we identified 280 eligible women of whom 215
consented to participate (115 trial participants and 100 cohort participants). Urinary ketone
measurement was performed in 181 women (84%) at hospital admission (Figure 2). Baseline
characteristics and measures of disease severity did not differ between women in whom
urinary ketone measurement was performed at hospital admission and women in whom no

urinary ketone measurement was performed (Supplementary Table 3).

Of the 181 women in whom urinary ketone measurement were performed, 10 (6%) women
tested negative for ketones, 26 (14%) women had 1+ ketonuria, 33 (18%) women had 2+
ketonuria, 75 (41%) women had 3+ ketonuria and 37 (20%) women had 4+ ketonuria.
Baseline characteristics of participants are shown in Table 1. Percentage of missing data was

similar for different ketonuria subgroups (Supplementary table 4).

Table 1 Baseline characteristics of participants

Ketonuria measured

n 181

Demographics
Age (years) 289+4.9
Non-western ethnicity 41 (23)

Education level

- Primary 1(1)

- Secondary 67 (37)

- Higher 49 (27)
History of mental health disorder* 36 (20)
HG in previous pregnancy 58 (32)

Pregnancy characteristics

Primigravida 52 (29)
Twin pregnancy 2(1)

Gestational age of onset of HG symptoms (weeks) 6.4+19
Gestational age at inclusion (weeks) 9.1+£25

Data represent mean + SD or number (%). 'Including depressive disorder,
anxiety disorder and eating disorder.
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The degree of ketonuria at admission was not associated with measures of disease severity
at admission, including weight loss at study entry, PUQE-24, NVPQol and HIS scores, nor
was the degree of ketonuria at admission associated with measures of disease severity 1
week after study entry including weight change, PUQE-24, NVPQol and HIS scores (Table 2).

The degree of ketonuria at admission was also not associated with the readmission rate (OR
0.87; 95%Cl 0.66 to 1.1). However, women with a higher degree of ketonuria at admission
remained hospitalized for significantly longer (difference 0.27 days; 95% ClI 0.05 to 0.48).
Lastly, there was no difference in baseline characteristics and measures of disease severity
between women with negative and positive ketonuria (results not shown).

Discussion

Principal findings

In our cohort, 171 out of 181 women (90%) admitted for HG had some degree of ketonuria.
We did not find an association between the degree of ketonuria at hospital admission and
severity of nausea and vomiting, quality of life or maternal weight loss at admission and 1
week after admission, nor was the degree of ketonuria at admission associated with the
number of readmissions. However, we found that women with a higher degree of ketonuria
were hospitalized significantly longer.

Strength and limitations

This is the first study on HG that aimed to assess the association between ketonuria at
admission and symptom severity, quality of life or maternal weight loss. In order to interpret
our findings in context, we updated the systematic review from Niemeijer et al.! (Box 1).
Our study has some limitations. First, information on ketonuria at hospital admission was
missing or not performed in 16% of the cases. However baseline characteristics and disease
severity measures between women with and without ketonuria measurement did not differ
and therefore it is unlikely this altered our results (Supplementary Table 3). Second, only
information about ketonuria at hospital admission was available. No information regarding
ketonuria during the following days of hospital admission and at day of discharge was
gathered. This information could have given us more insight in the association between
the degree of ketonuria and the duration of hospital admission. Third, ketonuria was no
inclusion criterion for study participants, but it might be that clinicians took the amount of
ketonuria into account in the consideration to admit women. Fourth, an important limitation
is the large amount of missing data of several outcome measures, although we made a
considerable effort to complete the data collection.?® Besides the obvious effect of limiting
power, selectively missing data can have unpredictable effects on outcomes. However,
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Table 2 Duration of hospital stay, maternal weight gain and symptom severity of hyperemesis gravidarum patients categorized by degree of ketonuria

_Aq._mmnMMMﬁM Ketonuria 1+ Ketonuria 2+ Ketonuria 3+ Ketonuria 4+ Bm“m:m B/0R (95% Cl)
n 10 26 33 75 37
Hospital stay
Duration first admission (days) 3.5+1.6 40+2.0 3.7+15 43+1.6 47+1.7 0 0.27 (0.05, 0.48)
Readmission for HG (%) 20.0 50.0 27.3 41.3 18.9 0 0.87(0.66, 1.1)
Symptom severity and QOL at hospital admission
AWeight (from pre-pregnancy weight) (kg) -09+23 -3.3+3.9 -3.2+4.0 -3.1+4.2 -3.0+4.3 2.8 -0.17 (-0.71, 0.38)
PUQE score 11 (6-13) 10 (8 -12) 11 (8-14) 10 (8 - 13) 9(7-11) 37.6 -0.28 (-0.81, 0.26)
NVPQoL score 170 (150-179) 179 (171-191) 174(169-191) 176(163-192) 176(191-187) 35.9 1.23 (-2.6,5.1)
HIS score 25347 28.1+3.0 27.7+4.2 28.1+4.4 28.0+3.0 337 0.40(-0.22, 1.0)
Symptom severity and QOL 1 week after inclusion
A Weight (from inclusion) (kg) -1.5+1.6 07+1.4 +1.8+5.7 0.6+2.9 +0.7+2.8 49.2 0.27 (-.30, .85)
PUQE score 8(6-5) 9(6-15) 9(6-12) 9(7-11) 8(6-13) 53.0 -0.14 (-0.70, 0.43)
A PUQE score (from inclusion) 1(-3-8) -0.5(-3-1) -2.5(-6-2) -1.5(-3-1) 0(-1-1) 61.3 -0.34 (-1.1,0.43)
NVPQol score 169 (90-180) 173 (152-183) 158(114-179) 160 (140-177) 164 (121-182) 55.8 -0.85(-7.5,5.8)
A NVPQol score (from inclusion) 3(-5-5) -11(-33--2) -20(-37-7) -15 (-49-2) -12 (-46--1) 61.3 -5.0(-11.2, 1.0)
HIS score 23.8+5.2 26.5+3.3 26.0+3.3 26.4+39 247+34 55.8 -0.11(-0.78, 0.56)
A HIS score (from inclusion) -1.8+3.0 -1.3+3.7 -14+23 -3.1+4.6 -3.3+3.2 61.3 -0.63 (-1.4,0.16)

Values are mean + SD or median (IQR) for continues variables and % for dichotomous variables. Analyses were done with use of linear regression for continuous outcome
measure and with logistic regression for dichotomous outcome measures. Abbreviations: A: delta, HG: hyperemesis gravidarum, PUQE: 24-hour Pregnancy Unique
Quantification of Emesis and nausea score, NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life questionnaire, HIS: Hyperemesis Impact Score, QOL: quality of life. A

higher PUQE, NVPQoL and HIS score indicates more symptoms or lower quality of life.

29



Chapter 2

since the proportion of missing data was similar for all ketonuria subgroup (Supplementary
Table 4), it is unlikely that the missing data altered our results. A last possible limitation
of our study may be the fact that we combined study participants of the MOTHER trial
and its associated cohort. However, all women were eligible for the same study and we
found no difference in trial outcomes between the treatment and control group including
duration of hospital admission, PUQE-24, NVPQol and HIS scores and weight change 1 week
after admission and readmissions.? Since we studied the same outcomes in this study it is

unlikely that this affected our results

Comparison with other studies and interpretation

Our finding that degree of ketonuria is not associated with the number of readmissions is
in line with previous literature identified in the systematic review (Box 1).2%* We did find
an association between degree of ketonuria and duration of hospital admission, although
the difference was small (per 1+ ketonuria, 0.27 days; 95% Cl 0.05 to 0.48). This is in line
with findings from Tan et al.?%, who found an unadjusted OR of 2.5 (95%Cl 1.2 to 5.3) for a
hospital stay 24 days, this association was borderline non-significant after adjustments for
confounders (adjusted OR 2.1; 95%CI 1.0to 4.6). However, Tan et al.® described in their paper
that discharge may have been dependent on decrease in ketonuria. In the current study a
similar problem could have occurred. Every participating hospital used their local protocol
and in these protocols the statements regarding ketone measurements vary (Supplementary
Table 2). Eleven out of 19 centres measured urinary ketones daily during admission, and in 6
centres, hospital discharge was dependent on decrease in ketonuria or negative ketonuria.
Therefore the hypothesis that duration of hospital admission is ketonuria dependent is
more likely. This may have large consequences, as prolonged hospital admission for HG
may have a substantial effect on health care costs.3? We found no association between the
degree of ketonuria at hospital admission and subjective symptom severity, quality of life
or weight loss at hospital admission and 1 week after admission. Our findings are at odds
with the only other study that assessed the association between ketonuria and subjective
disease severity.? The authors found that, in 430 women with HG and positive ketones at
study entry, a higher degree of ketonuria was associated with a higher PUQE-24, although
the difference was small (PUQE-24 score < 6; median ketones 2 [IQR 1-3], PUQE-24 7-12;
median ketones 3 [IQR 1-4] and PUQE-24 >13; median ketones 3 [IQR 2-4], p<0.001, tested
with Kruskal Wallis test). The difference with our findings could be due to several reasons.
First, this was the only study that used positive ketones as a study entry criteria, which could
have led to a more homogenous study population. Second, this study had a retrospective
design and PUQE-24 was measured at hospital admission to assess severity of HG as a part of
the standard work-up. It might be that both ketonuria and PUQE-24 scores were taken into
account in clinical management, which could have led to confounding. Third, we assessed
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a 'dose-response’ relation between the degree of ketonuria and the PUQE-24 score while
Tayfur et al.?° assessed whether there was a difference in median urinary ketones between
different groups of PUQE-24 scores. No other measures of disease severity than PUQE-24
where available.

Traditionally, measurements of ketone bodies in urine have been part of the diagnostic
work-up of HG**3* and 60% of clinical trials use ketonuria as an inclusion criterion for
HG.: Ketonuria reflect catabolism of adipose stores?, and could serve as an indicator of
insufficient oral intake or prolonged fasting.* It is therefore likely that a large proportion of
HG patients has ketonuria, which was also the case in this study (90%). However, there are
indications that ketonuria also occurs sporadically in most normal pregnancies®, caused
by metabolic changes associated with normal pregnancy.?” Only 2 studies have assessed
the value of ketonuria as a diagnostic marker for HG, showing conflicting results, although
the largest study did find an association between HG and ketonuria.’®*® Neither of these
studies reported the absolute prevalence of ketonuria among patients with HG and control
patients, leaving the value of ketonuria as a diagnostic marker unknown. Unfortunately, our
study design did not allow us to investigate the role of ketonuria in diagnosing HG. However,
if anything, an increased presence or degree of ketonuria in HG patient is most likely related
to a poor nutritional status. It is therefore remarkable that guidelines adhere to ketonuria in
the decision to admit patients, give intravenous rehydration or start anti-emetics.16, 38 To
our knowledge, an association between the degree of ketonuria and the level of dehydration
has never been confirmed.3® Moreover, guidelines for other patient groups suffering from
nausea and vomiting, for example post-operative nausea and vomiting or chemotherapy
induced nausea and vomiting do not let their clinical management depend on the presence

of ketonuria.***

Conclusion

We found no indication that a higher degree of ketonuria at admission is associated with
HG disease severity in terms of severity of nausea and vomiting, quality of life, maternal
weight loss, or readmission rate. The only association we observe is that women with a
higher degree of ketonuria at admission are hospitalized significantly longer. This may be
explained by the fact that health care professionals rely on the degree of ketonuria in clinical
management, rather than on clinical symptoms. Prolonged hospital admission may lead to
higher health care costs without positive consequences for women with HG. Based on these
findings there seems no additional value of the use of ketonuria in the clinical management
of HG.
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Search Niemeijer 2014

Records identified n = 4287

Supplemary figure 1 Flowchart of included studies

Duplicates n = 845

Records screened n = 3442

Excluded n = 3167

Y

Full text articles assessed for
eligibility n = 275

Excluded n =194

Review n =69
Insufficient data n = 29
Case reportn=17
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Search Koot 2018

Records identified n = 5003

Duplicates n = 559

Record already screened
search Niemeijer n = 3216

Y

Records screened n = 1228

Excluded n = 1158

Y

Full text articles assessed for
eligibility n =70

y

No biomarker n = 20

Not on HG/NVP n = 10

<10 patientsn =6

No control groupn=1
Duplicate population n =2
<5 articles per marker n = 30
Full-text no retrieverd n =1

Studies included n = 81

Studies included on ketonuria
n=5

Excluded n = 68

No information on ketonuria
(as a biomarker) n = 60
Incorrect study deisng n =7
Full text not retrieved n =1

Studies included n =2

!

Studies included n =7
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Supplementary Figure 2

Summary of quality assessment of prognostic factor studies scores

Risk of bias

STUDY PARTICIPATION

STUDY ATTRITION

PROGNOSTIC FACTOR MEASUREMENT

OUTCOME MEASUREMENT

STUDY CONFOUNDING

STATISTICAL ANALYSIS AND REPORTING

N Low MW MODERATE

Supplementary Table 1 Studies included in systematic review

Number of participants

Study Year Cases sfl.?tr)‘jt;:tls
Derbent et a/*® 2011 115 110
Kuscu et al*® 2003 10 10
Morris et al* 2018 282 0

Tan et al* 2006 192 0

Tan et al® 2006 192 0

Tan et al* 2009 167 0
Tayfur et al® 2017 433 0
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Supplementary Table 2 Statements regarding measurement of ketonuria per local protocol

Center Statement

1 Admission: no comment regarding ketones
During admission: measure ketones every day
Discharge: no comment regarding ketones

2 Admission: admit patient if ketones are positive in urine
During admission: measure ketones every day
Discharge: if negative, quit intravenous fluids

3 Admission: admit patient if ketones are positive in urine
During admission: measure ketones every day
Discharge: no comment regarding ketones

4 Admission: measure at admission
During admission: measure ketones every day
Discharge: if ketones are negative in urine

5 Admission: measure at admission
During admission: no comment regarding ketones
Discharge: no comment regarding ketones

6 Admission: measure at admission
During admission: measure ketones every day
Discharge: if ketones are negative in urine

7 Admission: ketonuria is mentioned as one of the symptoms of HG
During admission: no comment regarding ketones
Discharge: no comment regarding ketones

8 Admission: measure at admission
During admission: measure ketones every day
Discharge: no comment regarding ketones

9 Admission: measure at admission
During admission: measure ketones every day
Discharge: no comment regarding ketones

10 Admission: measure at admission
During admission: measure ketones every day
Discharge: no comment regarding ketones

11 Admission: measure at admission
During admission: measure ketones every day
Discharge: no comment regarding ketones

12 Admission: admit patient if ketones are positive in urine
During admission: no comment regarding ketones
Discharge: no comment regarding ketones

13 Admission: start intravenous fluid if ketones are positive in urine
During admission: measure ketones every day
Discharge: no comment regarding ketones
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14

15

16
17
18

19

Admission: admit if ketones > 3+
During admission: no comment regarding ketones
Discharge: if ketones <2+

Admission: no comment regarding ketones
During admission: measure ketones every day
Discharge: no comment regarding ketones

Only use ketones as an addition to clinical presentation
No local protocol concerning HG

Admission: no comment regarding ketones
During admission: measure ketones every day
Discharge: no comment regarding ketones

Admission: measure at admission
During admission: measure ketones every day
Discharge: if ketones are negative in urine
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Supplementary Table 3 Baseline characteristics and disease severity measures of women with and

without ketonuria measurement

No ketonuria Ketonuria P-value
measured measured

n 34 181
Demographics
Age (years) 28.6+4.5 289+4.9 0.78
Non-western ethnicity 12 (35) 41 (23) 0.11
Education level 0.07

- Primary 2 (6) 1(1)

- Secondary 17 (50) 67 (37)

- Higher 8 (24) 49 (27)
History of mental health disorder* 5(15) 36 (20) 0.48
HG in previous pregnancy 10 (29) 58 (32) 0.82
Pregnancy characteristics
Primigravida 12 (35) 52 (29) 0.44
Twin pregnancy 3(9) 2(1) 0.005
Gestational age of onset of HG symptoms (weeks) 59+1.1 6.4+1.9 0.16
Gestational age at inclusion (weeks) 9.8+2.9 9.1+25 0.12
Hospital stay
Duration first admission (days) 43+1.7 41+1.7 0.75
Readmission for HG 9(26) 62 (34) 0.38
Symptom severity at hospital admission
Weight loss (from pre-pregnancy weight) (kg) -2.5+4.0 -3.0+4.1 0.55
PUQE score 11.0+£34 9.9+33 0.36
NVPQol score 172 +40 174 +24 0.88
HIS score 27+3.2 28+4.0 0.62
Symptom severity 1 week after inclusion
Weight gain/loss (kg) -13+4.8 -.07+3.2 0.95
PUQE score 9+34 9+3.2 0.65
NVPQolL score 149 + 42 153 +37 0.62
HIS score 25.1+45 25.8+3.7 0.42

Data represent meanSD or number(%). ‘Including depressive disorder, anxiety disorder, and eating disorder.

Abbreviations: HG: hyperemesis HIS: Hyperemesis Impact Score, NVPQoL: Nausea and Vomiting in Pregnancy

Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of Emesis and nausea score. A

higher PUQE, NVPQo and HIS score indicates more symptoms/a lower quality of life.
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Supplementary Table 4 Percentage of available data in ketonuria subgroups

No . Ketonuria Ketonuria Ketonuria Ketonuria Ketonuria
Outcome measures ketonuria .
negative 1+ 2+ 3+ 4+
measured
n 34 10 26 33 75 37

Symptom severity and QOL at hospital admission

Weight loss (from 33(97) 9(90) 26 (100) 31 (94) 74 (99) 36 (97)
pre-pregnancy weight)

PUQE score 24 (71) 8(80) 15 (58) 21 (64) 49 (65) 23 (62)
NVPQol score 22 (65) 7 (70) 15 (58) 20 (61) 49 (65) 24 (65)
HIS score 21 (62) 8 (80) 16 (62) 21 (64) 50 (67) 25 (68)

Symptom severity and QOL 1 week after inclusion

Weight gain/loss 20 (59) 5 (50) 16 (62) 12 (36) 40 (53) 20 (54)
PUQE score 21 (62) 5 (50) 16 (62) 13 (40) 42 (56) 20 (54)
NVPQolL score 19 (56) 5 (50) 16 (62) 13 (40) 37 (49) 19 (51)
HIS score 19 (56) 5 (50) 16 (62) 13 (40) 37 (49) 19 (51)

Data represent number (%). Abbreviations: QOL: quality of life.
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Chapter 3

Abstract

Objective We aimed to identify determinants that predict hyperemesis gravidarum (HG)

disease course and severity.

Design We combined data of the Maternal and Offspring outcomes after Treatment of
HyperEmesis by Refeeding (MOTHER) trial and its associated observational cohort patients.

Setting Women hospitalised for HG were approached for participation.

Sample 215 pregnant women provided consent for participation. We excluded women

enrolled during a readmission (n=24).

Methods Determinants were patient characteristics and clinical features, available to
clinicians at first hospital admission. Patient characteristics included i.e. age, ethnicity,
socio-economic status, history of mental health disease and HG and gravidity. Clinical
features included weight loss compared to pre-pregnancy weight and symptom severity
measured with Pregnancy Unique Quantification of Emesis (PUQE-24) questionnaire and
the Nausea and Vomiting in Pregnancy specific Quality of Life questionnaire (NVPQol).

Outcome measures Outcomes measures where measures of HG disease severity 1 week
after hospital admission including weight change, PUQE-24 and NVPQol scores and
information on hospital admission including total days of admission and readmission.

Results We found that high PUQE-24 and NVPQolL scores at hospital admission were
likely to persist 1 week after hospital admission (difference (8) 0.36, 95%Cl 0.16 to 0.57
and 0.70,95%Cl 0.45 to 1.1). PUQE-24 and NVPQoL scores were not associated with other
outcome measures. None of the patient characteristics were associated with any of the

outcome measures.
Conclusion Our findings suggest that the PUQE-24 and NVPQoL questionnaires can identify

women that maintain high symptom scores a week after admission but that patient
characteristics cannot be used as determinants of HG disease course and severity.
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Introduction

Hyperemesis Gravidarum (HG) is a severe form of nausea and vomiting in pregnancy that
can lead to dehydration, electrolyte disturbances or significant weight loss, necessitating
hospital admission.! It affects up to 3.6% of pregnancies®® and is the most frequent reason
for hospital admission in the first half of pregnancy.® Furthermore, HG has detrimental
effects on maternal wellbeing and quality of life.”® There are indications that HG may lead
to adverse pregnancy and perinatal outcomes,®*!® especially among patients with poor
nutritional status'*!? and patients with symptoms that persist in the second trimester.®

To date the etiology of HG has been poorly understood and a multifactorial origin is most
likely.** There is no single biomarker that can diagnose HG or predict disease severity.'®
Therefore, HG remains a clinical diagnosis made after other causes of nausea and vomiting
have been ruled out. There is no effective treatment available for HG. Current treatments
are supportive, alleviating symptoms until they improve in the course of or after pregnancy.
Identifying determinants that can predict early in the affected pregnancy which women
will suffer from a more severe disease course could be beneficial for several reasons. First,
it would guide clinicians in making individual treatment plans for their patient and hence,
improve patient care. Second it would enable researchers to perform more targeted trials

for patients with a poor prognosis.

A limited number of studies have assessed the association between patient characteristics
and different measures of HG severity, reporting conflicting results.’®?! Fiaschi et al.*®
found, in a large population-based cohort study, that an Asian or black ethnicity, nulliparity,
multiple pregnancy and a history of HG in a previous pregnancy were associated with an
increased readmission risk for HG. The association between HG in a previous pregnancy and
readmission was confirmed in one other study.?* Schiff et al.?®, in a large population-based
case control study, found an association between female foetus and increased number
of hospitalizations and prolonged hospital admission (=3 days). These findings were not
replicated in a smaller prospective cohort study?®, and due to the fact that foetal sex is not
always available at the gestational age at which HG admissions frequently occur, is of limited
value to clinicians. Two retrospective cohort studies found no association between patient
characteristics including, age, parity and ethnicity and readmission for HG and prolonged
hospital stay (>4 days).'®'” Hospital stay duration and readmission may in fact be affected
by other determinants than disease severity. For example, family and housing conditions
may affect how satisfactory and acceptable ambulatory care options are.?? However, none
of these studies assessed the association between patient characteristics and symptom

severity.
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Currently it remains unclear whether there are any patient characteristics or clinical features
that predict the course or severity of HG. Therefore we explored whether we could identify
patient characteristics or clinical features, available to clinicians at first hospital admission,
associated with several measures of HG disease severity after hospital admission.

Method

Study design

For this study, we used data of the Maternal and Offspring outcomes after Treatment of
HyperEmesis by Refeeding (MOTHER) trial and its associated cohort.”® The MOTHER trial
was a multicentre randomised controlled trial designed to evaluate whether early enteral
tube feeding in addition to standard care could be beneficial for maternal and offspring
outcomes in patients with HG (www.trialregister.nl; NTR4197). The study was performed
in 19 hospitals throughout the Netherlands, both university medical centres and general
hospitals collaborating in the Dutch Consortium for Healthcare Evaluation and Research
in Obstetrics and Gynaecology. Trial participants were allocated to enteral tube feeding in
addition to standard care or standard care alone. Standard care consisted of intravenous
rehydration, antiemetic medication, vitamin supplements, and dietetic advice according to
local protocol of the hospital. For extensive details on the design of the MOTHER trial see
study protocol.** Women who refused trial participation were asked to participate in an
observational cohort study. The MOTHER trial showed that early enteral tube feeding did
not improve maternal and neonatal outcomes in women with HG. There was no difference
in duration of hospital admission(s), number of readmissions, symptom severity and quality
of live between the intervention and the control group.?® Therefore, we combined the

participants in both the trial and the observational cohort into these analyses.

Population

We enrolled women admitted to the hospital because of HG with a gestational age between
5+0 weeks and 19+6 weeks (first admission or readmission). Patients with other causes of
nausea and vomiting such as infection or drug-induced vomiting were excluded. Eligible
women were identified and counselled by the obstetric caregiver in charge or trained
research staff. All women, both trial and cohort participants, provided written informed
consent.

Ethical approval and funding

The MOTHER trial and observational cohort have both been approved by the research ethics
committee of the Academic Medical Centre (NL41011.018.12). This trial was registered
at www.trialregister.nl as NTR4197. This study was supported by a research grant from
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Northwest Hospital Group, Alkmaar, Netherlands, the Dutch Heart Foundation (Grant
number: 2013T085), and the European Commission (Horizon2020 project ‘DynaHealth’,
633595).

Patient and public involvement
There was no patient and public involvement in this study.

Data collection

Trained research staff used a standardised case report form to obtain information from
medical records. This included medical history, age, parity, weight at inclusion, gestational
age and treatments for HG. Pre-pregnancy weight, ethnicity and education level were self-
reported at admission. Education level served as a proxy for socioeconomic status (SES) and
was based on the highest level of completed education (none or primary school; secondary
school; higher education). Women filled out a questionnaire at admission and one week after
admission containing the 24-hour Pregnancy Unique Quantification of Emesis (PUQE-24)
and the Nausea and Vomiting in Pregnancy specific Quality of Life questionnaire (NVPQoL)*
(Appendix S1). The PUQE-24 consists of questions regarding nausea, vomiting and retching.
A higher score reflects more severe symptoms of nausea and vomiting and is associated
with a lower maternal quality of life.?#?” A PUQE-24 score > 13 is often used as a cutoff fore
severe NVP/HG.?”2¢ The NVPQol is a nausea and vomiting in pregnancy-specific quality of

life questionnaire; a higher score is associated with a lower quality of life.?®

Determinants

We selected several patient characteristics and clinical features, which are easily accessible
to clinicians during (first) hospital admission, as possible determinants of HG disease course
and severity.

Patient characteristics

Patient characteristics included maternal age, pre-pregnancy body mass index (BMI,
kg/m?), ethnicity, relationship status, history of mental health disease, gravidity, HG in
previous pregnancy, medically assisted reproduction and gestational age of onset of
symptoms.

Clinical features

Clinical features of HG included weight change at hospital admission compared to
pre-pregnancy weight, PUQE-24 score and NVPQol score at hospital admission.
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Outcome measures

Outcomes measures where measures of HG disease severity 1 week after hospital
admission including weight change, PUQE-24 score, NVPQoL score and information on
hospital admission including total days of hospital admission for HG, readmission for HG
and readmission for HG in second trimester.

Data analyses

We presented normally distributed continuous variables as means with SDs and skewed
distributions as medians with IQRs. Categorical variables were presented as numbers with
percentages. To assess whether there was an association between determinants and HG
disease course and severity, we used linear regression for continuous dependent variables
reported in differences (8) with 95% confidence intervals (Cl) and logistic regression for
dichotomous variables reported in odds ratios (OR) with 95%CI. We confirmed that residuals
of dependent variables, included in linear regression, followed a normal distribution by
examining the Normal Probability (P-P) plots. In order to assess whether missing data
affected the results of our analyses we performed a sensitivity analyses with an imputed
dataset. Missing values were estimated by multiple imputation, using the fully conditional
specification (FCS) method to create 10 imputed datasets. The imputation was carried
out under the missing at random (MAR) assumption that missing data is related to other
observed variables.?® All analyses were performed using SPSS version 24.0 for Windows
(IBM Corp., Armonk, NY, USA).

280 elighle women

—> Refused participation n = 65

A\

Study participant n = 215

Trial participants n = 115
Cohort participant n = 100

»! Inclulded durning readmission n = 24

Included in analysis n = 191

Figure 1 Flow diagram participants
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Results

Participants

Between October 2013 and March 2016, we identified 280 eligible women of whom 215
consented to participate (115 trial participants and 100 cohort participants). In this study,
we excluded women who were enrolled during a readmission (n=24) and therefore, 191
women were included in the analyses (Figure 1).

Baseline characteristics

Determinants and outcome measures of all participants are shown in Table 1. The mean
age was 28.7 + 4.8 years. Fifty-eight women where primigravida (30%) and 133 multigravida
(70%). Of the multigravida, 60 women (45%) had HG in a previous pregnancy. At hospital
admission, the median PUQE-24 score was 10 (IQR 7-12) and mean NVPQolL score 153 * 37.

The median PUQE-24 score 1 week after admission was 8 (IQR 6-11) and the mean NVPQolL
score 1 week after admission was 153 + 37. In total 71 (33%) women were readmitted at
least once for HG, of whom 18 (25%) where readmitted in their second or third trimester.
The median duration of hospital stay was 5 days (IQR 3-7).

Patient characteristics and HG disease course and severity

We found no association between patient characteristics including age, pre-pregnancy BMI,
ethnicity, SES, relationship status, history of mental health disease, history of HG, gravidity
and gestational age at onset of symptoms and any of the outcome measures including
PUQE-24 score, NVPQoL score and weight change 1 week after admission and duration of
hospital admission and readmission (Table 2).

Clinical features and HG disease course and severity

We found that a higher PUQE-24 score at admission, indicating more severe symptoms of
nausea and vomiting, was associated with a higher PUQE-24 score one week after admission
(difference (8) 0.36, 95%Cl 0.16 to 0.57). Furthermore a higher NVPQoL score at admission,
indicating a decreased quality of life, was also associated with a higher NVPQoL one
week after admission (difference (8) 0.70, 95%Cl 0.45 to 1.1). We found no associations
between PUQE-24 and NVPQol scores and other outcome measures including weight loss,
readmission and duration of hospital stay. Weight loss at admission was not associated with
any of the outcome measures (Table 2). A sensitivity analyses with imputed data did not
alter the results (Table S1).
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Table 1 Characteristics and disease severity measures of all women admitted to hospital with
hyperemesis gravidarum

HG patients Missing n (%)

n 191
Patient characteristics
Age (years) 28.7+4.8 0
Pre-pregnancy BMI (kg/m?) 24.8+4.8 8 (4)
Ethnic origin 43 (23)

- Western 108 (57)

- Non western 40 (21)
Education level 79 (36)

- Low 3(2)

- Middle 69 (36)

- High 50 (26)
Single relationship status 13 (7) 33(17)
History of mental health disorder* 36 (19) 0
HG in a previous pregnancy 60 (45)° 60 (31)
Primigravida 58 (30) 0
Twin pregnancy 3(2) 0
Medically assisted reproduction? 17 (9) 34 (18)
Gestational age of onset of symptoms (wk) 6+2 43 (23)
Clinical features at study entry
PUQE score 10(7-12) 71 (39)
NVPQol score 172 £ 36 71 (39)
Weight change at inclusion (kg) -2.8+39 6(3)
5% weight loss at baseline 79 (41) 6(3)
Measures of HG disease severity
PUQE (1 week after study entry) 8(6-11) 91 (48)
PUQE > 13 (1 week after study entry) 17 (9) 91 (48)
NVPQol (1 week after study entry) 153 +37 98 (51)
Weight change (1 week after study entry) -0.60£2.7 96 (60)
Total days of hospital admission 5(3-7) 0
>1 readmission 62 (33) 0
Readmission in second trimester 18 (9) 0

Values are mean + SD or median (IQR) for continues variables and number(%) for dichotomous and categorical
variables. 'Including depression, anxiety disorder and eating disorder. 2Including intrauterine insemination,
in vitro fertilisation, intracytoplasmic sperm injection and ovulation induction. 3Percentage of women with a
previous pregnancy. Abbreviations: BMI: body mass index; HG: hyperemesis gravidarum; NVPQOL: Nausea and
Vomiting in Pregnancy Quality of Life questionnaire; PUQE: 24-h Pregnancy Unique Quantification of Emesis
and nausea score. A higher PUQE score indicates more symptoms, a higher NVPQOL score indicates a decreased
quality of life. A PUQE-24 score > 13 is often used as a cutoff fore severe NVP/HG.
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PUQE-24 PUQE 213 NVPQolL Weight change Total days Readmission
1 week after 1 week after 1 week after 1 week after of hospital 21 readmission in second
admission admission admission admission (kg) admission trimester
8 95% Cl 8 95% Cl OR 95% Cl 8 95% Cl 8 95% CI OR 95% Cl OR 95% Cl
Patient characteristics
Age (years) -09 -22,.03 .93 .83,1.0 12 -33,27 .07 -04,.18 -01 -19,.17 .96 .89,1.0 95  .86,1.1
Prepregnancy BMI (kg/m?) .08 -.06, .23. 1.1 97,13 -98 -2.7,.75 -09 -22,.05 -13  -31,.05 .96 .89,1.0 97 87,11
Non-western ethnicity -45  -1.9,.99 .24 .03,25 -1.9 -26,21 .87 -72,2.5 -90 -3.3,15 .85 140,1.8 .35 .07,1.6
High education level® -48 -1.9,.99 .79 .23,2.7 10 -5.9, 26 -26 -1.5,.99 -14 -25,23 .83 37,18 .70 17,29
Single relationship status 1.6 -2.0,5.2 1.8 .09, 36 12 -30, 53 .23 -2.7,3.2 -19 -56,16 .55 .15,2.1 .45 12,17
m_,_mm%mwmﬁ mental health 13 -31,64 .41 0534 62 -19,31 22 -54,39 -97 -31,12 11 .49,23 1.3 .39,4.0
HG in a previous pregnancy? .00 .00, .00 1.0 99,11 .01 -.02,.03 .00 -.01,.01 .00 -.01,.01 1.0 .99,1.0 1.0 99,11
Primigravida .50  -90,1.9 .92 .29,2.9 11 -6.4, 28 -31 -95,16 34 -15,21 11 .56,2.1 .40 15,11

Medically assisted reproduction* -.30 -2.3,1.8 43 .05, 3.6 -5.4 -28,18 14 -15,1.8 20 -1.2,52 .85 .28,2.6 1.2 92,116

Gestational age of onset of

-25 -70,.20 .81  .48,1.4 1.4 -44,73 24 -16,64 -36 -91,.19 .84 .68 1.4 1.1 .82,1.4
symptoms (week)

Clinical features at study entry

PUQE score at study entry .36 .16, .57 1.2 1.0,15 25 -0549 -01 -20,.19 .06 -.30, .42 1.0 .89,1.1 1.1 .88,13
NVPQol score at study entry .03  -.01,.06 1.0 .99,1.0 70 45,11 .01 -01,.04 .02 -.03,.08 1.0 .99,1.0 99 98,10
Weight change at study entry (kg) .01  -.17,.16 .98 .85,1.1 -1.2  -3.1,.89 -.25  -39,.12 .07 -15,.29 .96 .89,1.0 .97 .87,1.1
>5% weight loss at study entry 36 -93,1.6 12  .41,33 10 -5.0,26 1.0 -39,1.6 -44 -22,14 13 73,25 84 31,23

Low+middle/high. 2Including depression, anxiety disorder and eating disorder. *Only multigravida included in analyses.’Including intrauterine insemination, in vitro
fertilisation, intracytoplasmic sperm injection and ovulation induction Abbreviations: BMI: body mass index; HG: hyperemesis gravidarum; NVPQOL: Nausea and Vomiting in
Pregnancy Quality of Life questionnaire; PUQE: 24-h Pregnancy Unique Quantification of Emesis and nausea score. A higher PUQE score indicates more symptoms, a higher
NVPQOL score indicates a decreased quality of life. A PUQE-24 score > 13 is often used as a cutoff fore severe NVP/HG.
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Discussion

Main findings

In this exploratory study we found that high PUQE-24 and NVPQol scores at first hospital
admission were likely to persist 1 week after hospital admission. We found no associations
between PUQE-24 and NVPQoL scores and weight change 1 week after hospital admission,
duration of hospital stay and readmission. This suggests that the PUQE-24 and NVPQolL
guestionnaires can help to predict the course of HG symptoms during at least one week
and could be used at hospital admission to identify women who are likely to maintain more
severe symptoms in the subsequent week. However, in the absence of any associations
with other measures of HG disease course and severity, it is unclear whether these findings
present robust evidence for a role of the PUQE-24 and NVPQol questionnaires as prognostic
tool for severity of HG in general. Furthermore, we found no association between patient
characteristics such as age, ethnicity, SES, history of mental health disease and history of
HG and high symptom scores 1 week after hospital admission, weight change 1 week after
admission, duration of hospital stay and readmission. This suggests that, at first hospital
admission, patient characteristics cannot help to predict which women are more likely to
suffer from a more severe course of HG.

Strength and limitations

Our study was a multicenter study, conducted in 19 hospitals across the Netherlands. An
advantage of this approach is that it provides a geographically representative sample of
HG patients. However, criteria for hospital admission where not predefined in the study
protocol and were according to local protocol of the participating centre.?* This may have
led to increased heterogeneity among study participants, making the chance of finding
unequivocal determinants for disease severity less likely. In order to decrease heterogeneity
as much as possible we only included women in the analyses who were enrolled during
their first admission. An important limitation of our study is the fact that we could not use
a predefined definition of a severe course of HG, since no consensus on this topic has been
reached.® We therefore used multiple measures of disease severity which have been used
in previous studies or are associated with poor maternal or perinatal outcomes, %37, 182026
Another important limitation is the large amount of missing data, although we made a
considerable effort to complete the data collection.? A large percentage of missing data can
limit power and introduce bias. Since we found similar results in a sensitivity analyses with
imputed data it is unlikely that this was the case in this study. A last possible limitation of our
study may be the fact that we combined data of study participants of the MOTHER trial and
its associated cohort. However, all women were eligible for the same study and we found no

difference in outcomes between treatment and control groups including duration of hospital
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admission, PUQE-24 and NVPQol scores and weight change one week after admission
and readmissions. Since we studied similar outcomes in this study as were studied in the
MOTHER trial, it is unlikely that the combination of trial and cohort participants affected our
results.

Interpretation

We found that women with a higher PUQE-24 and NVPQol score at admission also scored
higher on these questionnaires one week after admission. To our knowledge, this is the first
study which assessed the longitudinal association of both the PUQE-24 and the NVPQoL
guestionnaire. These findings indicate that women with more severe symptoms at admission
continue to have more severe symptoms at least until one week after hospital admission.
These findings therefore suggest that the PUQE-24 and NVPQolL questionnaires can help to
predict the course of HG symptoms during at least one week. This is not only valuable in
clinical practice, but can also be useful in the evaluation of symptoms in intervention studies.
However, it should be noted that it is not clear whether these findings present evidence
that these questionnaires can be used as a prognostic tool for severity of HG in general.
We did not identify any patient characteristics available at hospital admission that were
associated with any of the measures of disease severity later in the course of HG. Previous
studies assessing the association between patient characteristics and HG disease course
and severity have shown conflicting results.'®82° Qur findings are in line with 2 studies from
Tan et al.**'” who found no associations between patient characteristics and the chance of
readmission for HG, or duration of hospital admission. Our findings are inconsistent with the
findings of Fiaschi et al.?°, who found an association between ethnicity (OR 1.66, 95%Cl 1.53
to 1.81 for black ethnicity, OR 2.12, 95%Cl 2.05 to 2.19 for Asian ethnicity, reference White
ethnicity) parity (OR 0.74 95%Cl 0.7 to 0.75 for parity 21) and history of HG in a previous
pregnancy (OR 19.58 95%CI 18.60 to 20.61) and readmission for HG in a large population
based cohort study with 121.885 cases of HG. Therefore it may be that they identified
differences we would not have been able to detect. We would have been able to detect
a significant difference of approximately 20% readmission rate between women with a
western ethnicity and a non-western ethnicity and a significant difference of approximately
25% readmission rate between women with and without a history of HG (only multigravida
included in analyses).
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Conclusion

In this exploratory study, we found that high PUQE-24 and NVPQoL scores are likely to persist
1 week after first hospital admission for HG. No associations between the PUQE-24 and
NVPQol questionnaires and duration of hospital stay and readmission were established.
Moreover, we were unable to identify any patient characteristics, available at first hospital
admission, that were associated with a more severe course of HG. Our findings suggest that
the PUQE-24 and NVPQolL questionnaires can identify women that maintain high symptom
scores a week after hospital admission but that patient characteristics cannot be used as

determinants of HG disease course and severity.
Acknowledgements

We thank all the women who participated in this study, and all participating institutions and
their staff for their contribution to this study.

54



Table 2 Outcome measures of hyperemesis gravidarum disease course and severity of imputed data
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PUQE-24 PUQE 213 NVPQolL Weight change Total days Readmission
1 week after 1 week after 1 week after 1 week after of hospital 21 readmission in second
admission admission admission admission (kg) admission trimester
8 95% Cl 8 95% Cl OR 95% Cl 8 95% Cl 8 95% Cl OR 95% Cl OR 95% Cl
Patient characteristics
Age (years) -.05 -.14,.04 .96 .86,1.1 64 -14,14 -03 -29,.24 -01 -19,.17 .96 .89,1.0 .95 .86, 1.1
Prepregnancy BMI (kg/m?) .04 -.05,.13. 1.0 92,11 -43  -1.2,.38 .08 -.21,.39 -12  -31,.06 .96 .90, 1.0 .98 .88, 1.1
Non-western ethnicity -70 -1, .24 .76 21,26 .64 -10, 11 1.1 -1.7,3.9 -91 -28,1.1 .87 41,1.9 .39 .10, 1.6
High education level -15  -1.3,.97 .87  .33,23 45 -6.0,15 -37 -23,16 -13 -2.1,19 .87 44,18 .75 23,24
Single relationship status 16 -1.3,16 1.1 .14, 8.8 3.8 -10, 18 .65 -3.1,35 -1.7  -47,13 .49 19,23 .50 17,16

History of mental health .53 -16,.62 10 3627 18 -7811 17 -46,39 -97 -31,12 11 49,23 13 39,40

disorder?
HG in a previous pregnancy? .00 .00, .00 1.0 99,11 .01 -.02,.02 .00 -.01,.01 .00 -.01,.01 1.0 .99,1.0 1.0 99,11
Primigravida 33 -53,1.2 .96 40,23 5.5 -2.6,14 -33 -21,15 34 -15,22 1.1 .56,2.1 .40 15,11

Medically assisted reproduction®*  -.14  -1.5,1.2 .70 17,2.8 -3.8 -17,8.6 -26  -3.2,2.7 14 -1.4,42 .84 .28,2.5 2,5 .71,8.9

Gestational age of onset of

-22  -25,21 10 .78,13 50 -1.8,28 .30 -25.8 -34 -82,.15 .8 .70,1.1 1.1 .79,1.4
symptoms (week)

Clinical characteristics at study entry

PUQE score at study entry .20 .10,.35 1.1 1.0,1.2 1.2 -22,26 .04 -27,.35 .03 -.29,.35 98 87,11 1.1 .85,13
NVPQol score at study entry .02 -.00,.04 1.0 1011 .49 .30, .68 .01 -.04,.06 .02 -.02,.07 1.0 .99,1.0 99 98,10
Weight change at study entry (kg) .01  -.10,.12 .99 .96,1.1 52 -1.5,.46 -16  -41,.09 .07 -11,.29 .96 .89,1.0 .97 .86,1.1
>5% weight loss at study entry 10 -72,94 12 52,26 55 -2.3,13 79 -10,26 -43 -22,1.3 13 71,25 83  .30,2.3

Low+middle/high. 2Including depression, anxiety disorder and eating disorder. *Only multigravida included in analyses.’Including intrauterine insemination, in vitro
fertilisation, intracytoplasmic sperm injection and ovulation induction Abbreviations: BMI: body mass index; HG: hyperemesis gravidarum; NVPQOL: Nausea and Vomiting in
Pregnancy Quality of Life questionnaire; PUQE: 24-h Pregnancy Unique Quantification of Emesis and nausea score. A higher PUQE score indicates more symptoms, a higher
NVPQOL score indicates a decreased quality of life. A PUQE-24 score > 13 is often used as a cutoff fore severe NVP/HG.
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Chapter 4

Summary

Nausea and vomiting in pregnancy is common and generally does not require treatment.
Hyperemesis Gravidarum (HG), on the other hand, is a severe complication of pregnancy and
can lead to dehydration, electrolyte disturbances and significant weight loss, necessitating
hospital admission.

The aetiology of HG is poorly understood and there is no single biomarker that can diagnose
or predict disease severity. Therefore, HG is a clinical diagnosis made after other causes of
nausea and vomiting have been excluded.

HG can have detrimental effects on maternal wellbeing and quality of life and has been
associated with poor perinatal outcomes.

There are several antiemetics, including antihistamines and metoclopramide, that are
effective and safe to use during pregnancy.

Intravenous rehydration therapy may be necessary, this can be given in day care setting or
inpatient management.

Almost 20% of HG patients develop a post-traumatic stress disorder after pregnancy. The
recurrence risk of HG is between 15% and 80%. If a subsequent pregnancy is wanted, a
preconception consult during which an individual pre-pregnancy care plan is made may help
to reduce the burden of the condition.
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Introduction

You are a general practitioner. A 28 year woman enters your consulting room, she is 8
weeks pregnant with her first child. She tells you that she feels nauseous constantly and
that she has been vomiting at least twice a day for the past three weeks. She feels like she
cannot keep any food down. She feels lethargic and tired and has not been able to go to
work for the past 10 days. You listen and ask yourself: does this women suffer from nausea
and vomiting consistent with a normal, healthy pregnancy or is there more to it?

Nausea and vomiting in pregnancy (NVP) is common, affecting 50-80% of pregnancies.* Mild
to moderate NVP usually resolves in the second trimester and generally does not require
treatment. A small percentage of women seeks medical help if NVP symptoms are severe or
persist.2 Hyperemesis gravidarum (HG) differs from ‘normal’ pregnancy sickness because of
the severity of symptoms which can lead to persistent insufficient intake of fluid and food,
weight loss, dehydration and disturbance of electrolyte balance.? HG affects 0.2-2.0% of
pregnancies and is the most common reason for hospital admission in early pregnancy, thus
causing substantial health care costs.! HG can have detrimental effects on maternal health. A
very rare, but potentially life-threatening complication is Wernicke encephalopathy, caused
by a thiamine deficiency.? In addition to physical complications, HG can have major impact
on maternal wellbeing and quality of life.> The psychological distress patients experience
can be so severe that wanted pregnancies are terminated.*

A meta-analyses from 2011 showed that HG is associated with poor perinatal outcomes,
including low birth weight (<2500 gram) (OR 1.4; 95% CI 1.27 to 1.58), being small for
gestational age (OR 1.3; 95% Cl 1.27 tot 1.58) and prematurity (OR 1.3; 1.04 to 1.68)°,
although more recent studies assessing the association between HG and perinatal outcomes
showed conflicting results.®’ Especially patients with insufficient gestational weight gain
(<7kg) and symptoms that persist in the second trimester seem at risk for adverse perinatal

outcomes.??®

To date the aetiology of HG is poorly understood and a multifactorial origin is most likely.
Proposed underlying causesinclude abnormal placental growth, maternal endocrine function
and a pre-existent Helicobactor pylori infection.»*® Recently, new insights have emerged and
genetic research has made substantial progress. First, two studies showed that duration and
severity of NVP and the presence of HG are highly heritable.!*!2 Subsequently, a genome-
wide association study found that genetic variants of the Growth and Differentiation Factor
15 protein (GDF15) and insulin-like growth factor-binding protein 7 (IGFBP7) genes were
strongly associated with NVP and HG.™® Another study confirmed the link between severe
NVP symptoms in the second trimester and increased serum concentrations of GDF15.%
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GDF15 is a hormone known to affect appetite and is expressed in placental trophoblasts and
decidual stromal cells. High GDF15 has been identified as a key driver in cancer cachexia,
which is characterized by nausea, weight loss and muscle wasting.’® Future research
establishing the causality between the identified genes and HG is very much needed.

Diagnosis

HG is a clinical diagnosis that lacks an international consensus. This leads to uncertainty
as to the distinction between physiological NVP and HG. Commonly used criteria to
differentiate between NVP and HG include weight loss of 25% of pre-pregnancy weight,
dehydration, electrolyte imbalances and the need for hospitalisation.'® Ketonuria, contrary
to popular belief, does not correlate with HG disease severity and is not associated with
dehydration outside pregnancy.’® Measurement of ketonuria has therefore no additional
value in the clinical management of HG.'® Because of the lack of specific biomarkers that
can diagnose or eliminate HG, it remains a diagnosis made after other causes of nausea
and vomiting have been excluded. Differential diagnosis that should be considered include
gastro-intestinal infection or obstruction, urinary tract infection, drug-induced vomiting,
neurological conditions or a eating disorders. Ultimately, it is up to the treating physician to
diagnose HG and estimate whether treatment or referral is necessary based on the clinical

symptoms.

You found no indication for other causes of nausea and vomiting during anamnesis and
physical examination of your patient. You also found no signs of clinical dehydration.
The patient is currently not on any antiemetic medication. You decide that referral to the
hospital is not necessary but you start with antiaemetic medication.

Treatment

Nutritional supplements and pharmacological treatments

The guideline of the Dutch College of General Practitioners (NHG) about pregnancy
(NHG-standaard Zwangerschap en Kraamperiode), indicates ginger as the first treatment
option in mild NVP.17 The Cochrane review on interventions for nausea and vomiting in
early pregnancy concludes that ginger probably has a beneficial effect on NVP, but that
the evidence is limited and not unambiguous.®® A combination preparation of meclozine
and pyridoxine (Emesafene) is the only officially registered medicine for NVP in the
Netherlands.’ One randomised controlled trial evaluated the efficacy of meclozine in NVP
and found a significant alleviation of symptoms compared to placebo. Two randomised
controlled trials evaluated the efficacy of pyridoxine and found that the drug significantly
reduced severity of nausea, but not of vomiting.*® In Canada, a combination preparation of
doxylamine (which is like meclozine also a first generation antihistamine) and pyridoxine
is often advised. This is not available in the Netherlands. In 3 small randomised controlled
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trials this combination preparation showed a significant improvement of NVP symptoms
compared to placebo. In these studies, and also in several cohort studies and meta-analyses,
no association between the use of doxylamine and pyridoxine and congenital abnormalities
was found.20 The Dutch Teratology Information Service (TIS) indicates that that there is
no evidence that the use of antihistamines during pregnancy increases the risk of birth
defects and recommends the use of meclozine.’ In the Netherlands, metoclopramide is
often the next step in the treatment of NVP/HG.? Two randomised controlled trials showed
that metoclopramide has a beneficial effect on NVP. Metoclopramide was compared with
a placebo in one of these studies, in the other study the control group consisted of a
combination of prochlorperazine and promethazine. There is no evidence for an increased
risk of congenital anomalies when using metoclopramide in pregnancy.'® Patients should
be made aware of the possibility of extrapyramidal symptoms.'81922 |n case of insufficient
effect of antihistamines and metoclopramide, ondansetron can be prescribed, preferably
in a second-line setting. Ondansetron is registered for the use of nausea and vomiting after
chemotherapy, radiotherapy and operation. Studies on the safety of ondansetron show
inconsistent results. A small case-control study found a two-fold increased risk of cleft
palate and another retrospective study showed a small increased risk of congenital heart
defects.?? On the other hand, a large retrospective analysis from a Danish Birth cohort found
no increased risk of congenital anomalies after use of ondansetron. The Royal College of
Obstetrics and Gynaecology (RCOG) latest guideline from 2016 considers ondansetron safe
and recommends its use after the first trimester.! The TIS advices to use ondansetron only
if treatment with other antiemetics has failed.?* A common side effect of ondansetron is
constipation, so preventive laxatives should be discussed. Corticosteroids are sometimes
chosen as a treatment of last resort. Studies on the efficacy of corticosteroids in the
treatment of HG are limited and show equivocal results. More studies are needed to confirm
the safety of its use in pregnancy.?! In addition to antiemetics, H2 blockers and proton pomp
inhibitors should be considered to treat gastroesophageal reflux, which affects up to 80% of
women with HG.%*

Five days after the first visit your patient returns to your office hours. The meclozine/
pyridoxine preparation had little effect on her symptoms. She received a metoclopramide
prescription from the attending general practitioner during the weekend. Despite the
different antiemetics, she keeps on vomiting multiple times a day. She also has difficulty
eating and drinking. You decide to refer her to an obstetrician.
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Rehydration therapy and tube feeding

The Dutch Society of Obstetrics and Gynaecology (NVOG) has no national guideline for the
treatment of HG. However, in most hospitals in the Netherlands, there is a local protocol
which recommends intravenous rehydration therapy next to antiemetic treatment.? It
differs per hospital whether the standard setting for rehydration therapy is in day care or
inpatient management. Two recent studies from the UK showed that rehydration therapy
in day care setting is as effective as rehydration therapy in inpatient management,??
although inpatient treatment led to higher health care costs than day care treatment.26
The guideline of the RCOG recommends intravenous rehydration with normal saline and
additional potassium chloride infusion, under daily electrolyte monitoring.?> Dextrose
solutions offer no advantage over normal saline and may contribute to the exacerbation
of severe hypokalaemia or precipitate Wernicke’s encephalopathy because of thiamine
deficiency.?? Thiamine supplementation may be considered to reduce the risk of Wernicke’s
encephalopathy.!

Maternal undernutrition and weight loss are severe symptoms of HG and are seen as possible
mediators of adverse perinatal outcomes.?” Despite this, research assessing the benefit of
nutritional interventions are limited and the guidelines of the RCOG and American College of
Obstetrics and Gynecologists (ACOG) do not discuss the possibility of tube feeding. A recent
Dutch randomised controlled trial showed that early enteral tube feeding, in addition to
standard care with antiemetic treatment and rehydration therapy has no beneficial effects
over standard care alone. Moreover, many women discontinued tube feeding because of
discomfort, suggesting that it is poorly tolerated as an early routine treatment of HG.? It is
unknown whether tube feeding in patients with severe or protracted HG is beneficial.

Your patient is admitted to the day care unit of the closest hospital and is rehydrated
with intravenous fluids. In addition to meclizine/pyridoxine and metoclopramide
ondansetron is started. It is agreed that she can come back for rehydration therapy any
time. Furthermore, the midwife explains to her that there is a patient association and that
they may be able to help her.
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First presentation of a patient with nausea and vomiting in pregnancy

Rule out other causes of nausea and vomiting: e.g. gastro-intestinal obstruction or infection,
urinary tract infection or neurological conditions

Rule out (threatening) dehydration: pay attention to fluid intake, thirst, urinary output,
tachycardia, capillary refill, confusion

Start antiemetic treatment: 1* choice meclozine/pyridoxine, in case of insufficient effect
add metoclopramide

Consider referral: if patient is dehydrated or insufficient effects of antiemetic treatment

Y

Second line treatment of hyperemesis gravidarum
Antiemetic treatment: consider ondansetron, in addition to first line treatment

Intravenous rehydration: with normal saline and potassium supplementation; under daily
electrolyte monitoring. Dextrose solutions offer no advantage over normale saline.

Y

Insufficient effect of standard second line treatment
Antiemetic treatment: consider corticosteroids

Enteral feeding: consider enteral feeding in case of prolonged symptoms or severe weight
loss (be aware of refeeding syndroom)

Y

Discharge

Individualised treatment plan: make an individualised treatment plan with easy
accessibility to care

Foetal monitoring: consider foetal biometric measurement if symptoms persist in the 2
and 3" trimester

Figure 1 Treatment plan for hyperemesis gravidarum
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Patient support group

The most important goal of the Dutch pregnancy sickness and hyperemesis gravidarum
support group (ZEHG) is to provide patients with valuable information and peer support.
Contact with other patients through (online) peer support groups can help patients with a
somatic condition to find or understand the right information and may generate comfort.®
Most of this peer support takes place via an online community, with nearly 2000 women
participating. Many women find support in sharing personal stories: about the 10" hospital
admission, about the best freezer bags that stay tightly closed, about triggers that never go
away, about the long recovery that is often necessary, about the fear that the starvation and
medication will have consequences for the baby, but also about the feeling of pride after
birth.

Support group ZEHG also organizes days for women with a history of HG and their partners
where former patients and partners can help each other with moving on and planning next

pregnancies.

Website: www.zehg.nl
Email: info@zehg.nl

Three years later, the same patient comes to your office hours. She is now 30 years old.
She has a healthy toddler and a wish for a second child. But she doubts whether she should
get pregnant again. She is not sure if she can handle a similar pregnancy with HG again.
Sometimes she has nightmares and every time she drives by the hospital she feels anxious.
Moreover, she now has a daughter to take care of.

After pregnancy

HG does not only have a major impact on maternal wellbeing during pregnancy, but also
afterwards: almost 20% of patients suffer from a post-traumatic stress disorder after a HG
pregnancy.? The decision to have another baby can therefore be difficult for women with
HG in their medical history. The recurrence risk identified in the literature varies between
15% to over 80%.! A preconception consult during which an individual pre-pregnancy care

plan is made can help to reduce the burden of the condition.*®
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Future research

A major hurdle in HG research is the lack of an international consensus on clinical criteria to
define HG.}*?2 As a consequences, there is a wide variation in patient characteristics between
studies. This results in a large heterogeneity of study populations, which hampers study
compatibility and generalizability of results. Currently, there is an ongoing international
consensus project to identify a minimum set of clinical criteria for HG diagnosis, which
will hopefully lead to a consensus on both diagnosis and a core outcome set for future HG

research.®
At present, there is a wide variation in treatment for HG between different hospitals in

the Netherlands. An unambiguous national guideline would contribute to better and more

standardized care for patients with HG.
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Chapter 5

Abstract

Background Hyperemesis Gravidarum (HG) leads to dehydration, poor nutritional intake,
and weight loss. HG has been associated with adverse pregnancy outcome such as low birth
weight. Information about the potential effectiveness of treatments for HG is limited.

Objective We hypothesized that in women with HG, early enteral tube feeding in addition

to standard care improves birth weight.

Design We performed a multicenter, open-label randomized controlled trial [Maternal
and Offspring outcomes after Treatment of HyperEmesis by Refeeding (MOTHER)] in 19
hospitals in the Netherlands. A total of 116 women hospitalized for HG between 5 and 20
weeks of gestation were randomly allocated to enteral tube feeding for 27 days in addition
to standard care with intravenous rehydration and antiemetic treatment or to standard care
alone. Women were encouraged to continue tube feeding at home. On the basis of our
power calculation, a sample size of 120 women was anticipated. Analyses were performed
according to the intention-to-treat principle.

Results Between October 2014 and March 2016 we randomly allocated 59 women to enteral
tube feeding and 57 women to standard care. The mean + SD birth weight was 3160 + 770g
in the enteral tube feeding group compared to 3200 + 680g in the standard care group
(mean difference -40g, 95% Cl: -230, 310g). Secondary outcomes, including maternal weight
gain, duration of hospital stay, readmission rate, nausea and vomiting symptoms, decrease
in quality of life, psychological distress, prematurity and small for gestational age, also were
comparable. Of the women allocated to enteral tube feeding, 28 women (47%) were treated
according to protocol. In the remaining women enteral tube feeding was discontinued
within 7 days of placement, primarily because of its adverse effects (34%).

Conclusion In women with HG, early enteral tube feeding does not improve birth weight
or secondary outcomes. Many women discontinued tube feeding because of discomfort,
suggesting that it is poorly tolerated as an early routine treatment for HG. This trial was
registered (NTR4197).
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Introduction

Pregnancy is a critical period during which maternal nutrition is a key factor influencing the
health of both mother and child.! The demand for both energy and nutrients is increased
in pregnancy.? There is overwhelming evidence that malnutrition during pregnancy may
permanently affect developing fetal organs.® Depending on the gestational age period during
which malnutrition is present, detrimental effects on pregnancy outcome, including poor
fetal growth and increased risk of prematurity, and offspring health in later life have been
described.*> Hyperemesis gravidarum (HG), which complicates up to 3.6% of all pregnancies,
is a severe form of nausea and vomiting in pregnancy (NVP) that, besides leading to a drastic
decrease in maternal wellbeing and quality of life,*” can lead to dehydration, electrolyte
disturbances, poor nutritional intake and significant weight loss.®® HG also has been linked
to poor pregnancy outcomes, including low birth weight (OR 1.4 for birth weight <2500 g),
being small for gestational age (OR 1.3) and prematurity (OR 1.3),1° possibly mediated by
poor maternal nutritional status.?**® Large studies in the last 3-4 years in Nordic countries,
where nutritional support is included in routine HG care, found that HG had no effect on
perinatal outcomes.’*'® To date, the etiology of HG is poorly understood and there is an
absence of high-quality evidence on effective treatment of HG.17-*°

Although HG is associated with significant weight loss?® and markedly reduced caloric intake,?
most guidelines do not include any particular dietary intervention in its treatment.??
A small number of case series in women with HG suggested that tube feeding may alleviate
symptoms and was well tolerated if continued in a home setting.?** Furthermore, a
retrospective cohort study by Stokke et al.*® suggested that enteral tube feeding improved
maternal weight gain during pregnancy in women with severe HG. Because these studies
lacked a control group, it is unclear whether the improvement was the result of enteral
tube feeding or the natural course of HG, which tends to improve as pregnancy progresses
beyond 20 weeks gestation in 85% of women.?° Enteral tube feeding effectively treats both
dehydration and malnutrition in non-pregnant patients with poor intake?® and has been
shown to be safer than parenteral nutrition in pregnancy.?’

Overall, the existing literature suggests that supplementary feeding (e.g., by enteral tube) in
women with HG may improve HG symptom severity, maternal nutritional status and weight
gain, as well as amending the detrimental effects HG has on perinatal outcomes. There have
been no randomized trials investigating whether enteral tube feeding in patients with HG
can positively affect pregnancy outcomes and maternal quality of life, nausea and vomiting
symptoms or time in hospital.
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We hypothesized that enteral tube feeding in addition to standard care is a more effective
treatment for all patients with HG than standard care with intravenous rehydration and
antiemetic treatment alone. We expected that adding enteral tube feeding to standard
care would result in improved pregnancy outcomes, specifically a higher birth weight. We
performed a randomized controlled trial to investigate the effect of enteral tube feeding on
maternal and perinatal outcomes in HG.

Subjects and methods

Study design

We performed an open-label, randomized controlled trial, Maternal and Offspring outcomes
after Treatment of HyperEmesis by Refeeding (MOTHER), in 3 university medical centers
and 16 general hospitals collaborating in the Dutch Consortium for Healthcare Evaluation
and Research in Obstetrics and Gynecology. The trial was approved by the research ethics
committee of the Academic Medical Center, Amsterdam, and by the boards of directors of
all participating hospitals. The trial was registered in the Dutch Trial Register (NTR4197), and
the study protocol has been published.?®

Participants

We enrolled women admitted to the hospital because of HG with a gestational age between
5% and 1997 weeks. A diagnosis of HG was made if excessive nausea or vomiting necessitated
hospital admission, in the absence of any other obvious cause such as drug induced
vomiting or infection. Severe weight loss, electrolyte imbalance or significant dehydration
were not required for study eligibility. We excluded women with known molar or nonvital
pregnancy, acute infection causing vomiting, a contraindication for enteral tube feeding, and
HIV infection and women <18 years of age. Trained research staff or the treating obstetric
caregiver identified and counselled eligible women. All women provided written informed
consent. Eligible women who refused trial participation were asked to provide informed
consent for data collection of baseline characteristics to compare the trial participants to

the general HG population admitted to the hospital.

Randomization and masking

Participating women were randomly allocated to nasogastric tube feeding in addition to
standard care or to standard care alone with a web based computerized program (ALEA
version 2.2, Trans European Network for Clinical Trials Services, NKI, Amsterdam, The
Netherlands) using permuted block randomization. Randomization allocation was performed
in a 1:1 ratio, with a block size of 4. Stratification according to center was applied. Because
of the nature of the intervention, we did not mask participants, caregivers, or outcome
assessors to the allocated treatment.
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Intervention

Enteral tube feeding

Women allocated to enteral tube feeding received a nasogastric polyurethane feeding
tube as soon as possible after randomization. Tube placement and feeding regimens
were followed according to local protocol (Supplemental Table 1) under the guidance of a
hospital dietician. Women allocated to tube feeding also received standard care, consisting
of intravenous rehydration for the time needed to reach maximum feeding rates, and
antiemetic medication, electrolytes and vitamin supplements according to local protocol.
As soon as tube feeding was tolerated, discharge home with tube feeding was encouraged.
Tube feeding was continued for at least 7 days or until the woman was able to maintain an
oral intake of 1000 kilocalories per day. Caloric intake was estimated by hospital dieticians,
with whom women with tube feeding had at least 1 consultation a week. In case of tube

dislocation a nasoduodenal or nasojejunal tube could be placed.

Standard care

Standard care consisted of intravenous rehydration (Supplemental Table 1), antiemetic
medication, electrolytes, vitamin supplements and dietetic advice according to local protocol.
In women with severe symptoms necessitating prolonged admission or readmission,
additional tube feeding could be given, but only if the attending physician deemed this

necessary.

Outcomes

The primary outcome measure was birth weight. Secondary maternal outcomes were
weight gain, duration of hospital stay, readmission rate, severity of nausea and vomiting,
quality of life, impact of HG on physical and psychosocial functioning, symptoms of anxiety
and psychological distress. Secondary perinatal outcomes were gestational age at birth,
prematurity (birth <37 weeks gestation), small for gestational age (SGA) based on birth
weight <10™ percentile according to the Netherlands Perinatal Registry reference curves for

birth weight by gestational age?® and Apgar score <7 at 5 minutes.

Furthermore, we recorded side effects of the allocated treatment including phlebitis and
pain at insertion location (intravenous rehydration), nose and throat irritation, obstruction
and dislocation (tube feeding), as well as serious adverse events (SAE). These included
aspiration, intestinal bleeding and perforation due to tube feeding, miscarriage, termination
of pregnancy, birth defects, neonatal intensive care unit (NICU) admission <6 weeks
postpartum and maternal and perinatal death. Reasons for discontinuation of the allocated
treatment also were recorded.
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Trained research staff used a standardized case report form to record maternal and
pregnancy characteristics based on medical records. This included medical history, age,
parity, pre-pregnancy weight, weight at inclusion, gestational age, hospital admission(s) for
HG, treatments for HG and pregnancy outcome. Ethnicity and education level were self-
reported. Education level served as a proxy for socioeconomic status (SES) and was based
on the highest level of completed education (none or primary school; secondary school;
higher education). Maternal weight gain was based on weight measured at inclusion and
self-reported weight in questionnaires.

The women filled out questionnaires at baseline and 1 and 3 weeks after randomization. The
qguestionnaires contained Dutch versions of the 24-hour Pregnancy Unique Quantification
of Emesis and nausea score (PUQE-24),3° Nausea and Vomiting in Pregnancy specific Quality
of Life questionnaire (NVPQol),* Hyperemesis Impact of Symptoms questionnaire (HIS),
the Hospital Anxiety and Depression Scale (HADS),** Short Form 36 health survey (SF-36)3
and the EuroQol visual analogue scale (EQ VAS) (Appendix 1).>* Women also filled out a
guestionnaire 6 weeks postpartum containing the HADS, SF-36 and EQ VAS. The PUQE-
24 contains questions regarding the time-span of nausea, vomiting and retching. A higher
score reflects more severe symptoms of nausea and vomiting and is associated with a lower
maternal quality of life.®The NVPQoL is a nausea and vomiting in pregnancy-specific quality
of life questionnaire; a higher score is associated with a lower quality of life.3! The HIS is a
guestionnaire which assesses the impact of HG on physical and psychosocial functioning. A
higher score is associated with increased impact on maternal functioning.3* The HADS is a
guestionnaire to assess psychological distress in patients, a higher score is associated with
symptoms of anxiety and depression.> The SF-36 and the EQ VAS both measure quality of

life, with higher scores indicating a better quality of life.?*

Sample size

A power calculation was used to determine the sample size. The calculation based on a
difference in mean birth weight of 200g (SD: 400 g), which we considered clinically relevant.
With a 8 of 0.2 and a of 0.05 and a possible 10% loss to follow up, we needed to randomize
120 women (60 women per group). This sample size was also large enough to detect a 2
point reduction in PUQE-24 score one week after randomization (maximum 15 points, SD 3

points) and differences in quality of life and psychological distress scores > 10%.

Statistical analyses

The primary analysis was by intention-to-treat. We present normally distributed continuous
variables as means with SDs and skewed distributions as medians with IQRs. We tested
normally distributed data with the student’s t test for means and data which were not
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normally distributed using the Mann-Whitney U test for medians. We present dichotomous
and categorical variables as number with percentages. These variables were analyzed using
the chi-square test or Fisher’s exact test for proportions, where appropriate. A time-to-event
analysis for gestational age at birth was generated and compared using the log-rank test.

We also performed a per-protocol analysis including women who received the allocated
treatment according to protocol. Furthermore, we conducted a sensitivity analysis on
women allocated to enteral tube feeding. In this group we compared women who were
treated according to protocol with women who discontinued tube feeding within 7 days
of tube placement. P-values less than 0.05, based on 2-sided testing, were considered to
indicate statistical significance. All of the analyses were performed using SPSS version 22.0
for Windows (IBM Corp.).

Results

Baseline

Between October 2013 and March 2016 we identified 280 eligible women, 116 (41%) of
whom consented to participate. Four more women were registered as participants although
they did not consent to participate and should have been registered as eligible women
who refused random assignment. Because of this administrative error, we randomized 116
instead of the anticipated 120 women: 59 women to enteral tube feeding and 57 women
to standard care. One woman withdrew informed consent during the trial. Therefore, 59
women in the tube feeding group and 56 women in the standard group were included in the

analysis (Figure 1).

Baseline characteristics are presented in Table 1. Of the 164 women who refused trial
participation, 100 (61%) women gave informed consent for data collection at baseline.
Demographic characteristics did not differ between these 2 groups. Women who participated
in the trial had similar weight loss at the time of randomization compared to women who
refused participation, but had higher PUQE-24 and HIS scores and lower SF-36 and EQ VAS

scores (Supplemental Table 2).

Intention-to-treat analysis

There was no difference in birth weight between the tube feeding group (3160 + 770g) and
the standard care group (3200 + 680g; mean difference -40g, 95% Cl: -230, 310g). Secondary
outcomes also did not differ (Table 2). A time-to-event analysis showed no difference in
gestational age at delivery (results not shown). There was no significant difference in number
of missing questionnaires between groups (36% in the tube feeding group versus 27% in the
standard care group; p = 0.31). The median duration of enteral tube feeding among those

79



Chapter 5

allocated to tube feeding was 7 days (IQR: 1-34) and the median duration of IV rehydration
therapy among those allocated to standard care was 3 days (IQR: 2-4). Treatment side
effects were mainly related to tube feeding: 41 (70%) women in the tube feeding group
reported at least one side effect of tube feeding while 2 (4%) women in de standard care
group reported a side effect of intravenous rehydration. Serious adverse events related to
the treatment allocation were not reported (Table 3). A post-pyloric tube was placed in 7
women in the tube feeding group (12%) and in 1 woman in the standard care group (2%).
None of the participants received parenteral nutrition.

Figure 1 Flow diagram MOTHER trial

Enroliment 280 eligble women
164 refused
randmision
\i
Randomized
n=116
Y \
Allocated to early tube feeding Allocated to standard care
n=59 n=>57
Allocation
Received tube feeding n =51 Received iv rehydration n = 57
Received standard care n = 56 Received tube feeding n = 15
\ \
Lost to follow-up n =0 Lost to follow-up n =0
Withfrew consent n =0 Withfrew consentn=1
\J \J
Intention to Women included n =59 Women included n = 56
treat analysis
Excluded: Excluded:

Tube placement failed n = 4
Tube placement refused n = 4
Tube discontined < 7days n = 23

Received tube within 7 days
after randomizationn=8

A\ A\

Per protocol

analysis Women included n = 28 Women included n = 48
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Table 1 Baseline characteristics at randomization, according to treatment allocation

E?;:Z dti::e Standard care Ml(i/il)ng

n 59 56
Demographics
Age (years) 28.2+5.0 28.7+4.6 0
Pre-pregnancy weight (kg) 72.8+16.7 69.8+14.6 1.7
Pre-pregnancy BMI (kg/m?) 26.0+5.4 24.8+4.4 3.5
Ethnic origin 14.7

- Westen 34 (57.6) 34 (67.0)

- Non Western 15 (25.4) 15 (26.8)
Education level 22.6

- Primary 2(3.4) 0

- Secondary 23 (39.0) 30 (53.6)

- Higher 16 (27.1) 18 (32.1)
Medical history 0

- Thyroid disease 1(1.7) 2(3.6)

- Mental health disorder! 12 (20.3) 9(16.1)
HG in previous pregnancy 18 (30.5) 23 (41.1) 7.0
HG in previous pregnancy requiring hospital admission 10 (16.9) 15 (26.7) 2.6
Pregnancy characteristics
Primigravida 19 (32.2) 17 (30.4) 0
Twin pregnancy 2(3.4) 2(3.6) 0
Gestational age of onset of HG symptoms (weeks) 6+2 5+1 17.4
Antiemetics started before admission 39 (66.1) 36 (64.3) 7.8
Current admission first admission for HG 49 (83.1) 49 (87.5) 0
Gestational age at inclusion (weeks) 9+3 9+3 0
Weight at Inclusion (kg) 70.3+16.6 65.6 £+ 13.4 1.7
Weight loss at inclusion (kg) -25+43 -43+4.1 1.7
PUQE score 11.5+3.0 10.4+3.0 34.7
NVPQol score 171.3+32.1 177.7+£19.4 28.7
HIS score 28939 28.2+35 30.4
HADS score 25.8+3.0 36.6+2.7 30.4
SF36 score 40.0+18.2 37.6+143 25.2
EQ VAS score 44.3+20.0 38.4+18.6 33.0

Values are mean + SD for continues variables and number(%) for dichotomous and categorical variables.
!Including depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Table 2 Maternal and perinatal outcomes after treatment of HG with early tube feeding compared
to standard care

Early tube Missing

feeding Standard care (%) P-value
Perinatal outcomes
n 60 55
Birthweight (g) 3,160 + 770 3,200 £ 680 0 0.79
Birthweight <10™ percentile 5(8.6) 4(7.3) 0.92 0.82
Gestational age (weeks) 39 (38-40) 39 (37-40) 0 0.58
Prematurity (<37 weeks) 7(12.1) 7 (13.0) 0 0.89
Apgar score<7 at 5 minutes 5(8.3) 2(3.6) 0 0.29
Maternal outcomes
n? 58 54
Readmission 22 (37.9) 20 (37.0) 0 0.92
Duration first admission (days) 4 (3-5) 4(3-5) 0 0.53
Duration all admissions (days) 6 (3-8) 5 (4-9) 0 0.87
1 week after randomization
A Weight (n=33 and n=32) 0.6+4.2 -0.5+2.6 42.0 0.18
A PUQE (n=28 and n=23) -2.3+3.2 -1.1+3.4 54.5 0.20
A NVPQol (n=26 and n=26) -12.7 £26.0 -28.2£36.8 53.6 0.09
A HIS (n=24 and n=26) -2.7+3.6 -24+44 55.4 0.78
A HADS (n=22 and n=26) 0.1+£4.0 -0.5+2.8 57.1 0.52
3 weeks after randomization
A Weight (n=31 and n=33) 09+4.7 -0.1+£3.6 42.9 0.35
A PUQE (n=28 and n=21) -2.7+£3.8 -25+3.9 56.3 0.87
A NVPQol (n=24 and n=25) -23.2+43.2 -42.2 £40.1 56.3 0.13
A HIS (n=21 and n=23) -3.1£29 -44+45 60.1 0.24
A HADS (n=21 and n=21) -0.3+£3.9 -1.0+£3.5 62.5 0.53
6 weeks postpartum
HADS score (n=24 and n=28) 35.8+2.7 348+2.4 53.6 0.14
SF36 score (n=24 and n=26) 60.3 +16.7 66.9 +19.5 55.4 0.20
EQ VAS score (n=24 and n=26) 68.9+17.1 70.5+18.1 55.4 0.75

Values are mean + SD or median (IQR) for continues variables and number(%) for dichotomous and categorical
variables. Comparisons were made with the use of the student’s t test for means, Mann-Whitney U test for
medians and the x2-test or Fisher’s exact test for proportions, where appropriate. Twins included. *No
reference value for neonates born before 25 weeks (n=1). *Miscarriages and termination of pregnancy excluded.
Abbreviations: A: Difference baseline, EQ VAS: EuroQol visual analogue scale, HADS: Hospital Anxiety and
Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life
questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of Emesis and nausea score; SF36: Short form
36. A higher PUQE, NVPQolL, HIS and HADS score indicates more symptoms/a lower quality of life. A higher SF36
and EQ VAS score indicates a better quality of life.
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Table 3 Side effects and serious adverse events, presented according to treatment allocation

E?::dti::e Standard care Ml(i/i;ng P-value
Side effects of treatment
n 59 56
Intravenous rehydration
Phlebitis 2(3.4) 1(2.0) 0 0.59
Pain at insertion location 1(1.7) 1(1.8) 0 0.97
Tube feeding
Nose throat irritation 26 (44.1) 5(8.9) 0 <0.001
Obstruction 3(5.1) 0 0 0.09
Tube dislocation 23 (39.0) 9(16.1) 0 0.01
Serious adverse events
Mother
Miscarriage 1(1.7) 2 (3.6)* 0 0.53
Termination of pregnancy 0 1(1.8) 0 0.33
Maternal death 0 0 0 -
SAE directly related to treatment
allocation? 0 0 0 )
Neonate
n? 60 55
Perinatal death 2(3.9) 0 0 0.39
Birth defect 0 0 0 -
Neonatal intensive care unit admission 2(3.6) 1(1.7) 0 0.61

Values are numbers (%). Comparisons were made with the use the x2-test or Fisher’s exact test for proportions,
where appropriate. !Including a late miscarriage of one foetus of a twin pregnancy. %Including aspiration,
intestinal bleeding and perforation due to tube feeding. 3Twins included.

Per-protocol analysis

For the per-protocol analysis, we excluded 8 women allocated to enteral tube feeding
because they never received a tube (in 4 women placement failed, 4 women refused
placement) and 23 women because they discontinued tube feeding <7 days despite not
having achieved sufficient oral intake. The most common reason for discontinuation of tube
feeding < 7 days was tube removal on patients request due to side effects (n = 14, 24%)
followed by no tube replacement after tube dislocation (n = 6, 10%). In the standard care
group, 15 women received tube feeding at some point, of whom we excluded 8 for the
per-protocol analysis because they received tube feeding <7 days of randomization. We
therefore included 76 women in the per-protocol analysis (figure 1). Baseline characteristics
of these women were similar for the two groups (Supplemental Table 3). Again, there was

no difference in birth weight between the tube feeding group (3190 + 920g) and standard
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care group (3280 + 560g; mean difference -90g, 95% Cl: 300, 380g). Secondary maternal and
perinatal outcomes were not different either, except for maternal quality of life; NVPQolL
scores 1 and 3 weeks after randomization improved less in the tube feeding group compared
to the standard care group (Supplemental Table 4).

Sensitivity analysis

We performed a sensitivity analysis among women allocated to tube feeding to explore
whether women who were treated according to protocol (n = 28) differed from women
who were not treated according to protocol (n = 31). Women who were treated according
to protocol had lost more weight at the time of randomization compared to their pre-
pregnancy weight (-3.9 * 4.3kg) than women who were not treated according to protocol
(-1.3 £ 4.0kg; mean difference -2.6kg 95% Cl: -0.6, -4.8kg). Primary and secondary outcomes

were not different between the two groups.

Discussion

In this randomized controlled trial in women hospitalized with HG, we found that early
enteral tube feeding in addition to standard care with intravenous rehydration and
antiemetic treatment did not affect birth weight or other perinatal outcomes. It also did
not affect maternal weight gain, duration of hospital stay, readmission rate, nausea and

vomiting symptoms or quality of life.

Our study has several strengths. First, this is the first randomized controlled trial, to our
knowledge, on enteral tube feeding for HG. Second, we reported on both maternal and
perinatal outcomes. We chose birth weight as a primary outcome following the systematic
review published by Veenendaal et al.,*® which showed that women with HG were more
likely to have a baby with low birth weight. We did, however, also consider the effect of tube
feeding on the mother to be important; therefore, we collected a broad range of maternal
outcomes beyond those found in the medical records. This gave us the opportunity to assess
the possible effects of tube feeding on not only perinatal outcomes but also the severity
of symptoms and quality of life of the mothers. Furthermore, our study was a multicentre
study that enrolled participants in 19 hospitals across the Netherlands, offering different
levels of obstetric care. It is therefore likely that a geographically representative sample of

HG patients was offered participation.

Our study has a number of limitations: more than half of eligible women declined trial
participation, which may have led to a decrease in generalizability of our findings. Indeed,
women who participatedinthe trial had more severe symptoms and lower quality of life at the

time of randomization compared to women who did not participate. Baseline characteristics
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did not differ between treatment arms. Because of the nature of the intervention, blinding
was not possible. This factor might have caused bias, although this is unlikely for the primary
outcome (birth weight) since this could be objectively assessed. We used the broad study
inclusion criterion of hospital admission for HG between gestational ages 5 and 20 weeks
for this trial which may have led to heterogeneity of patients included in the study. Three
factors led us to choose this inclusion criterion: first: HG at present lacks an international
consensus definition 19; second: our broad inclusion criterion has been used in previous
clinical trials **%7; and, third, is a fair reflection of the patient at present clinically considered
to have HG. Furthermore, interpretation of secondary outcomes that were collected via
guestionnaires, including severity of symptoms and quality of life, may be hampered by a
large percentage of missing data, although we made considerable effort to complete data
collection. Women received a link to complete trial questionnaires through email. If they did
not respond that day, a telephone call was made the next day. If a woman was not reached
by telephone a reminder email was sent. At least 2 more telephone calls were made in case
a questionnaire was not completed. The proportion of missing data was similar for both
treatment groups, therefore it is unlikely that this altered the results. Another limitation is
that we did not have access to total gestational weight gain, which might be an important
mediator in HG and poor pregnancy outcomes.!*2 Weight measurements at delivery were
part of the study protocol, but unfortunately were reported so poorly (79% missing values)
that it was not possible to draw any meaningful conclusions. The main limitation of this
trial was the poor protocol completion in the group of women allocated to tube feeding,
which is likely the result of the fact that women did not favor tube feeding. Almost 7% of
women refused tube placement after randomization, and an unanticipated 34% of women
discontinued tube feeding prior to treatment completion due to side effects, including nose
and throat irritation and tube dislocation. It is unclear whether treatment compliance may

be influenced by attitude toward the intervention of the caregiver.

The findings of this trial are at odds with those of the retrospective study of
Stokke et al.,** where only 7% of women treated with tube feeding for severe HG (defined
as HG complicated by metabolic disturbances) requested tube removal because of
discomfort. Our inclusion criteria did not limit trial eligibility to women with HG complicated
by metabolic disturbances, prolonged poor intake or marked weight loss. In a sensitivity
analysis, we found that women with more marked weight loss were more likely to tolerate
tube feeding enabling them to complete the study protocol. The results of this trial are
also not in line with previous studies that suggested that enteral tube feeding may alleviate
HG symptoms®?> and improve maternal weight gain.> However, these studies had a
retrospective design and all lacked a control group, making them prone to selection bias.
These studies likely included patients with more severe HG since enteral tube feeding was

85



Chapter 5

only prescribed when first line treatment had failed. The sample size of our trial did not
allow for subgroup analyses on HG severity. Therefore, we are unable to investigate whether
tube feeding might be beneficial in women with severe HG. Future trials are needed to study
whether tube feeding is beneficial in women with severe HG complicated by marked weight

loss, prolonged symptoms or a history of severe HG.

To assess the potential effect of tube feeding on maternal and perinatal outcomes we
performed a per-protocol analysis. In this analysis we found no differences in maternal or
perinatal outcomes, except that nausea and vomiting specific quality of life during the first 3
weeks of treatment improved less in women who received tube feeding compared to those

who received standard care. Lower numbers of participants limited power of this analysis.

In conclusion, it is unlikely that in all women hospitalized for HG early enteral tube feeding, in
addition to standard care with intravenous rehydration and antiemetic treatment, offers any
advantages over standard care alone as a first line treatment. It did not result in improved
maternal or perinatal outcomes. Our findings suggest that early tube feeding is frequently

associated with side effects and therefore poorly tolerated in women hospitalized with HG.
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Supplemental Table 1 Local tube feeding and intravenous rehydration protocols for hyperemesis
gravidarum of participating hospitals

Center Tube feeding regimens IV rehydration therapy regimens

1 Nutrison standard(1 kcal/ml). Start 25ml/h, 31/24h: combination sodium chloride 0.9%
increase every 12h until desired amount is and glucose 5% solution.
achieved (in consultation with dietician).

2 Nutrison standard(1 kcal/ml). Start 25ml/h, 31/24h: combination sodium chloride and
increase every 12h until desired amount is glucose solution
achieved (in consultation with dietician).

3 Nutrison Multifibre (1kcal/ml). Day 1: 40mli/h. 31/24h: combination of sodium chloride and
Increase under supervision dietician. glucose solution

4 Nutrison Multifibre (1kcal/ml). Day 1: 25ml/h. 31/24h: combination of sodium chloride and
Increase in next 3 days until max 2040kcal/24h glucose solution
under supervision dietician.

5 Nutrison Multifibre (1kcal/ml). Day 1: 40mli/h. Intravenous rehydration, no further
Increase in next 3 days until max 2000kcal/24h prescription.
under supervision dietician.

6 Nutrison Multifibre (1kcal/ml). Start 40ml/h. 31/24h: combination of sodium chloride and
Increase every 8 hours until max 80mli/h. glucose solution

7 Nutrison Multifibre (1kcal/ml). Start 40ml/h. 31/24h: combination sodium chloride 0.9%
Increase in 24h to max 85ml/h. and glucose 5% solution.

8 Fresubin original (1kcal/ml). Day 1 21mi/h. 2.5-31/24h: combination sodium chloride 0.9%
Increase in 3 days under supervision dietician and glucose 5% solution.

9 Nutrison Multifibre (1kcal/ml). Day 1 30ml/h. 2.51/24h: combination sodium chloride 0.9%
Increase in 4 days to max 2000 kcal per day under  and glucose 5% solution.
supervision dietician.

10 Nutrison standard (1 kcal/ml). Start 45 ml/h. 2.5-31/24h: combination sodium chloride and
Increase in 3 days to max 85ml under supervision glucose solution
dietician.

11 Nutrison standard (1 kcal/ml). Start 40 ml/h. 31/24h: combination of sodium chloride,
Increase every 80hours with 20ml/h until max glucose and Ringer’s lactate solution*
2000ml/24h.

12 Fresubin original (1kcal/ml). Day 1 1000ml/24h. 31/24h: combination of sodium chloride and
Increase in 3 days until max 2000ml/24h. glucose solution

13 Tube feeding under supervision nutritionist (every  31/24h: combination of sodium chloride and
day present) glucose solution

14 Fresubin original (1kcal/ml). Start 20ml/h. Increase  31/24h: combination of sodium chloride and
in 4 days until max 2000ml/24h under supervision  glucose solution
of dietician.

15 Fresubin original (1kcal/ml). Start 25ml/h. Increase  31/24h: combination of sodium chloride and
in 4 days until max 2000ml/24h under supervision  glucose solution
of dietician.

16 Nutrison standard (1 kcal/ml). start 20ml/h. 2.51/24h: combination sodium chloride and
Increase over 3 days until max 2000kcal per day glucose solution
under supervision dietician.

17 Nutrison Protein Plus Multi Fibre (1.3kcal/ml). Intravenous rehydration, no further
Start 42ml/h. Increase only under supervision prescription
dietician.

18 Nutrison Multifibre (1kcal/ml). Start 25ml/h. 2.51/24h intravenous rehydration, no further
Increase over 2 days until max 84mi/h. prescription

19 Nutrison Multifibre (1kcal/ml). Start 42ml/h. 31/24h: sodium chloride

Increase over 4 days under supervision dietican
until max 2000 kcal/day.
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Supplemental Table 2 Baseline characteristics at inclusion, according to trial participation

Trial Non-trial  Missing
participants participants (%) P-value
n 115 100
Demographics
Age (years) 28.5+4.8 29.3+4.8
Pre-pregnancy weight (kg) 71.4+15.7 70.8+14.2 0 0.48
Pre-pregnancy BMI (kg/m?) 25.4+49 24.8+4.8 2.3 0.78
Ethnic origin 3.5 0.35
- Westen 68 (59.1) 55 (55.0) 19.5 0.35
- Non Western 30 (26.1) 20 (20)
Education level

- Primary 2(1.7) 1(1.0) 34.0 0.92

- Secondary 54 (46.1) 30 (30.0)

- Higher 34 (29.6) 20 (22.0)

Medical history

- Thyroid disease 3(2.6) 6 (6.0)

- Mental health disorder* 21 (18.3) 20 (20.0) 0 0.22
HG in previous pregnancy 41 (35.3) 27 (27.0) 0 0.75
HG in previous pregnancy requiring hospital admission 25 (21.6) 12 (12.0) 0 0.17
Pregnancy characteristics 0 0.24
Primigravida 36 (31.3) 28 (28.0)

Twin pregnancy 4(3.5) 1(1.0) 0 0.66
Gestational age of onset of HG symptoms (weeks) 6+1 7+2 0 0.23
Antiemetics started before admission 75 (65.2) 63 (63.0) 25.3 <0.05
Current admission first admission for HG 98 (85.2) 93 (93.0) 7.4 0.88
Gestational age at inclusion (weeks) 9+3 9+3 0 0.07
Weight at Inclusion (kg) 68.0+15.3 68.4+14.4 0 0.95
Weight loss at inclusion (kg) -3.4+43 -24+38 0.06 0.87
PUQE score 10.9+3.0 9.0+34 0.07 0.09
NVPQol score 174.6 £26.3 171.7+18.8 40.0 <0.01
HIS score 28.6+3.7 26.48+3.8 37.8 0.47
HADS score 36.2+29 36.6+25 37.3 <0.01
SF36 score 38.6+16.1 47.2+15.2 36.8 0.41
EQ VAS score 41.0+19.3 54.2+19.0 311 <0.01

Values are mean + SD for continues variables and number(%) for dichotomous and categorical variables.
!Including depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Supplemental Table 3 Per protocol analysis: baseline characteristics at randomization, presented

according to treatment allocation

Early t.ube Standard care  Missing p-value
feeding (%)

n 28 48
Demographics
Age (years) 27.8+4.4 28.9+4.5 0 0.31
Pre-pregnancy weight (kg) 75.9+£20.4 68.6 £ 14.5 2.6 0.07
Pre-pregnancy BMI (kg/m?) 26.3+5.6 243+4.1 3.9 0.08
Ethnic origin 11.8 0.83

- Westen 15 (53.6) 28 (58.3)

- Non Western 9(32.1) 15(31.3)
Education level 18.4 0.13

- Primary 2(7.1) 0

- Secondary 11 (39.3) 25 (52.1)

- Higher 8(28.6) 16 (33.3)
Medical history

- Thyroid disease 0 1(2.1) 0 0.44

- Mental health disorder? 4(14.3) 6(12.5) 0 0.82
HG in previous pregnancy 9(32.1) 19 (39.6) 0 0.58
HG in previous pregnancy requiring hospital admission 5(17.9) 12 (25.0) 0 0.27
Pregnancy characteristics
Primigravida 9(32.1) 159 (31.3) 0 0.94
Twin pregnancy 0 2(4.2) 0 0.27
Gestational age of onset of HG symptoms (weeks) 612 6+1 14.5 0.56
Antiemetics started before admission 20 (71.4) 30 (62.5) 0 0.21
Current admission first admission for HG 25 (89.3) 43 (89.6) 0 0.97
Gestational age at inclusion (weeks) 9+2 9+2 0 0.32
Weight at Inclusion (kg) 72.0+20.8 65.1+14.1 2.6 0.09
Weight loss at inclusion (kg) -3.9+4.3 -3.5+2.6 2.6 0.54
PUQE score 11927 10.3+3.0 329 0.08
NVPQolL score 169.6 +40.0 178.0+20.3 30.2 0.31
HIS score 29.4+4.5 27.8+3.4 30.2 0.17
HADS score 36.0+2.8 36.8+£2.8 28.9 0.27
SF36 score 28.7£18.5 36.0+18.5 211 0.59
EQ VAS score 40.4+15.8 38.0+£17.5 26.3 0.62

Values are mean * SD for continues variables and number(%) for dichotomous and categorical variables.
YIncluding depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Supplemental Table 4 Per protocol analysis: maternal and perinatal outcomes after treatment of
HG with early tube feeding compared to standard care

E:;Igdti::e Standard care Mi(i/ii)ng P-value
Perinatal outcomes
n 28 47
Birthweight (g) 3190 + 920 3280 + 560 0 0.80
Birthweight <10 percentile 3(6.4) 1(11.1) 1.3? 0.47
Gestational age (weeks) 39 (38-40) 39 (38-40) 0 0.78
Prematurity (<37 weeks) 7(12.1) 7 (13.0) 0 0.39
Apgar score<7 at 5 minutes 3(10.7) 2(4.3) 0 0.28
Maternal outcomes
n? 28 46
Readmission 0 0.17
Duration first admission (days) 13 (46.4) 14 (30.4) 0 0.93
Duration all admissions (days) 4(3-6) 4(3-5) 0 0.24
1 week after randomization 6.5 (3-11) 5(3-8)
A Weight (n=33 and n=32) 36.4 0.18
A PUQE (n=28 and n=23) 0.5+43 -0.8+2.2 50.0 0.19
A NVPQol (n=26 and n=26) -24+3.1 -1.0+£3.3 50.0 0.03
A HIS (n=24 and n=26) -5.8+12.6 -30.4 £40.2 51.4 0.85
A HADS (n=22 and n=26) -24+3.1 -26+3.8 54.1 0.67
3 weeks after randomization 0.5+3.8 0.0+24
A Weight (n=31 and n=33) 37.8 0.26
A PUQE (n=28 and n=21) 0.8+4.9 -09+3.6 514 0.71
A NVPQol (n=24 and n=25) -1.8+3.8 -24+43 55.4 0.03
A HIS (n=21 and n=23) -8.9+375 -37.5+39.5 56.7 0.35
A HADS (n=21 and n=21) -2.8+3.2 -4.0+4.0 62.1 0.12
6 weeks postpartum 1.2+2.6 -0.8+3.4
HADS score (n=24 and n=28) 54.1 0.23
SF36 score (n=24 and n=26) 358+23 34.8+2.3 55.4 0.06
EQ VAS score (n=24 and n=26) 58.6 +17.7 71.2+18.0 55.4 0.58

Values are mean * SD or median (IQR) for continues variables and number(%) for dichotomous and categorical
variables. Comparisons were made with the use of the student’s t test for means, Mann-Whitney U test for
medians and the x2-test or Fisher’s exact test for proportions, where appropriate. Twins included. *No
reference value for neonates born before 25 weeks (n=1). 3Miscarriages and termination of pregnancy excluded.
Abbreviations: A: Difference baseline, EQ VAS: EuroQol visual analogue scale, HADS: Hospital Anxiety and
Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life
questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of Emesis and nausea score; SF36: Short form
36. A higher PUQE, NVPQolL, HIS and HADS score indicates more symptoms/a lower quality of life. A higher SF36
and EQ VAS score indicates a better quality of life.
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Chapter 6

Abstract

Objective To investigate the long-term consequences of prenatal exposure to maternal

hyperemesis gravidarum (HG) upon offspring cardiometabolic risk factors.

Design This study is part of the prospective follow-up of the Northern Finland Birth Cohort
1986.

Setting Between July 1, 1985 and June 30, 1986 all pregnant women in two provinces of

Finland were recruited at first antenatal visit (99% of eligible participated).

Population A total of 8953 women with live born singleton offspring who consented to
having their children followed-up were included.

Methods HG was defined as hospitalisation during pregnancy for HG based on the
International Classification of Disease (ICD) code. Women who were not hospitalised
for HG during pregnancy were used as a reference group. Data on pregnancy and birth
outcomes were obtained via medical records and questionnaires. 6462 adolescents, aged
16, underwent anthropometric measurements (HG n = 42, reference n = 6420), and 5648

adolescents had a fasting blood sample taken (HG n = 36, reference n = 5612).

Main outcome measures Body mass index (BMI), blood pressure, fasting glucose and lipid
levels in offspring.

Results Multivariate regression analyses showed no differences in offspring BMI
(kg/m?; adjusted percentage difference HG versus reference, 2.2; 95% Cl -0.1, 4.6), systolic
blood pressure (adjusted difference 2.1 mmHg, 95% Cl 1.5, 5.6), and fasting blood glucose
(mmol/I; adjusted percentage difference 2.3; 95%Cl 0.6, 5.4), between adolescents born to
mothers with and without HG.

Conclusion We found no evidence that prenatal exposure to HG has negative consequences

for cardiometabolic health of offspring at the age of 16 years.
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HG and cardiometabolic risk factors in adolescents

Introduction

Hyperemesis Gravidarum (HG) is a severe form of nausea and vomiting during pregnancy
which may lead to dehydration, electrolyte disturbances and significant weight loss
necessitating hospital admission.** HG complicates 0.2-3.6% of pregnancies®*® and may be
associated with poor perinatal outcome including prematurity and low birthweight.* As HG
is associated with reduced caloric intake’® and weight loss'®** it is currently one of the few

examples of undernutrition during pregnancy in the Western world.

There is a large body of evidence suggesting that undernutrition during pregnancy has
negative consequences for the offspring health later in life.*? Poor nutrition during pregnancy
is associated with increased risk of obesity, impaired glucose tolerance and increased risk
of cardiovascular disease among offspring.**> Long-term follow-up in adults born around
the time of the Dutch famine during World War Il showed that those exposed to famine
during early gestation had a more atherogenic lipid profile, disturbed blood coagulation,
and a higher incidence of coronary artery disease, with earlier onset.'*!” As HG might cause
maternal undernutrition, similar health effects for the offspring may be expected.

To date, only a few studies have assessed cardiometabolic health effects of prenatal
exposure to HG in prepubertal offspring.#!#%° Following a case-control study, Ayyavoo et
al.’® reported that healthy prepubertal adolescents born to severely hyperemetic mothers
(defined as hospitalisation for HG with electrolyte abnormalities) had reduced insulin
sensitivity. Grooten et al.* showed that offspring born to mothers who suffered from severe
weight loss (>5 kg weight loss) during pregnancy, usually occurring as a manifestation of HG,
have higher diastolic blood pressure at the age of 5 years in comparison with offspring born
to mothers who did not suffer from severe weight loss. Furthermore, there are indications
that maternal undernutrition during early gestation can provoke fetal programming of
metabolism.?*?2 For HG, it may be that offspring are exposed to nutritional stress in utero
during early gestation, a period hypothesised to be essential for the cardiometabolic
function in the offspring, leading to programmed metabolic changes later in life.

The findings of Ayyavoo et al. and Grooten et al. prompt us to further investigate
long-term consequences of HG on offspring health.’®?® The Northern Finland Birth
Cohort 1986 (NFBC1986) is a large, prospective population-based cohort with long-term
follow-up and information about HG during pregnancy. Therefore, this cohort gave us a
unique opportunity to evaluate whether HG negatively affects cardiometabolic risk profile

in 16-year-old adolescents.
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Methods

Study population

The NFBC1986 recruited women in the provinces of Oulu and Lapland with an expected
date of delivery between July 1985 and 30 June 1986.% In total, 9362 mothers were
included and 9479 babies were born. The NFBC1986 data were gathered prospectively at
the first antenatal clinic visit and onwards (with a mean gestational age at inclusion of 12
weeks). Women provided information on maternal background via structured self-report
guestionnaires, whereas data on antenatal visits, hospital admissions, and birth outcomes
were obtained from maternity health centres and hospital medical records.?* The cohort
was followed-up in 2002 when the offspring reached the age of 16 years. Follow-up focused
on offspring health and wellbeing. Adolescents and their parents gave informed consent
to use their data for scientific research. We included only live born singleton pregnancies.

A flow chart of participant selection can be found in Figure 1.

Definition of HG

Hyperemesis gravidarum (HG) was defined according to the 1968-1986 International
Classification of Disease 8 (ICD-8) code for HG,* which was extracted from hospital medical
records. Vikanes et al.*® demonstrated that ICD codes in the birth register of another
Scandinavian country can be considered valid for the diagnoses of mild HG in registry-based
research.

Outcome measures

Maternal and child characteristics

Information on smoking during pregnancy, self-reported maternal pre-pregnancy height
(cm) and weight (kg), highest maternal education attainment, and parity were obtained
through questionnaires. Information on maternal age (years), weight at antenatal visits,
hypertensive disorders during pregnancy (chronic hypertension defined as a blood pressure
of 2140 or 90 mmHg before 20 weeks of gestation, or the use of antihypertensive medication
at the beginning of pregnancy; gestational hypertension, defined as a blood pressure of 2140
or 90 mmHg after 20 weeks of gestation; and pre-eclampsia, defined as a blood pressure of
>140 or 90 mmHg and a positive urinary protein dipstick test),?” offspring sex, birth weight
(g), gestational age (weeks), Apgar score (5 minutes), and prematurity (<37 weeks) was
obtained from medical records.

100



HG and cardiometabolic risk factors in adolescents

Number of children born Figure 1 Flow diagram NFBC 1986 study
n = 9479

Excluded n =526
Multiple pregnancy n = 226
Stillborn singletons n = 45
Data not available n =258

\/ Mothers with HG
n=62
Live born singletons
n=38953
Mothers without HG
n=8891
Lost to follow-up n = 2491
Physical examination
Y
16 years HG I\I—OB}:,CZ-EO
n = 6462 n=42 n-

Fasting blood samples

HG No HG
n=36 n=>5612

Adolescent follow-up

At the age of 16 years, all participants underwent physical examinations assessing their
cardiometabolic risk profile. The measurements performed have been extensively described
elsewhere.® In brief, examinations took place in municipal health centres by trained nurses
and laboratory analysts. Systolic and diastolic blood pressure (mmHg) was measured from
the right arm after 15 minutes of rest, with the child sitting upright, using an automatic
oscillometric device (Omron 705CP) or, if this failed, a mercury sphygmomanometer.
Two measurements were taken 2 minutes apart from each other; if one failed, a third

measurement was taken. The average of two measurements was used. Body weight was
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measured wearing only underwear using a calibrated scale to the nearest 0.1 kg. Height was
recorded to one decimal (cm). Blood samples were collected between 8:00 am and 11:00
am after an overnight fast. All samples were analysed at Oulu University Hospital laboratory.
Analyses of plasma glucose, serum total cholesterol, high-density lipoprotein (HDL)/low-
density lipoprotein (LDL) cholesterols, and triglycerides were conducted within 24 hours
using a Cobas Integra 700 automatic analyser (Roche Diagnostics, Basel, Switzerland).

Samples for serum insulin were stored at -20°C and analysed within 7 days using
radioimmunoassay (Pharmacia Diagnostics, Uppsala, Sweden).?” To assess insulin resistance,
homeostasis model assessment values for insulin resistance (HOMA-IR) were calculated

from fasting glucose and insulin levels.?

Data analysis

Chi-square, Mann-Whitney U tests, and independent Student’s t tests were used to compare
the baseline characteristics of women with and without HG. Blood pressure, anthropometric
measures, blood glucose and lipid profiles in offspring were analysed using multivariate
linear regression. Variables that were not normally distributed were presented in median
and interquartile range (IQR), and were logarithmically transformed to achieve normality.
Logarithmic transformed variables were back-transformed and reported in proportionate
differences and 95% confidence intervals (95% Cls, expressed as percentages); normally
distributed variables were reported in differences (8) and 95% Cls. We adjusted for sex
(model 1), followed by gestational age at birth, birthweight and maternal smoking during
pregnancy (model 2). In model 3, further adjustments were made for highest maternal
education (as a proxy for socio-economic status) and adolescent BMI. The order of the
models was chosen to first approximate a crude model, followed by adjustments for possible
confounding effects of pregnancy and birth outcomes, and finally adjustments for possible

mediating factors later in life in order to shed light on the causal chain of events.

To investigate the consequences of weight loss in early pregnancy, weight gain was calculated
based on pre-pregnancy weight and weight at first antenatal visit. A cut-off of more than 5%
weight loss was chosen compared with pre-pregnancy weight, as this has been previously
used as a cut-off for clinically significant weight loss in HG.%! Multivariate linear regression
analysis was performed and adjusted for models 1, 2, and 3, respectively. We additionally
adjusted for gestational age difference at first antenatal visit.

Missing values were estimated by multiple imputation. In total, 2.9% of the variables of

interest were missing; 19.4% for Apgar score at 5 minutes, 13.4% for maternal education, and
5.9% for glucose of the offspring, and less than 4% for remaining variables. Missing values
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were imputed using the fully conditional specification (FCS) method to create 5 imputed
datasets. Little’s MCAR test was significant (P <0.001), indicating that values were not missing
completely at random (MCAR) and the imputation was carried out under the missing at
random (MAR) assumption that missing data are related to other observed variables. There
were no significant differences in distributions of the outcomes and covariates between the
original data and pooled imputed data (Table $1).%° All analyses were performed using SPSS
version 22.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

Participants

At baseline, 8953 mothers and children were included in the present study. Of these, 62
women had been admitted to the hospital for HG (0.7%). At follow-up, physical examination
data were available for 6462 adolescents, of whom 42 were born to mothers who had been
hospitalised for HG. Fasting blood samples were available for 5648 adolescents, of whom 36
were born to mothers who had been hospitalised for HG. The follow-up participation rates
among offspring that were born to mothers who had been hospitalised for HG (68%) and
offspring that were born to mothers who had not been hospitalised for HG (72%) did not
differ significantly.

Table 1 Maternal characteristics and pregnancy outcomes (imputed data)

Control HG P-value
Maternal characteristics
n 8891 62
Age (years, mean * SD) 27.8 5.5 26.5+5.7 0.06
Gestational age at inclusion (weeks, mean % SD) 10.3 3.7 10.9+3.2 0.28
Pre-pregnancy BMI (kg/m?, median (IQR)) 21.6 (20.1-23.8) 21.0(19.3-23.4) 0.14
Nulliparous (%) 34.0 50 0.01
Hypertensive disorders in pregnancy (%) 15.4 14.6 0.84
Smoking in pregnancy (%) 19.9 9.7 0.05
Weight gain in early pregnancy (mean * SD) 21+23 0.2%+29 <0.001
Weight loss > 5% during early pregnancy (%) 0.7 12.9 <0.001
Low maternal education (<11 years) (%) 26.3 24.2 0.80
Pregnancy outcomes and neonatal characteristics
Female (%) 48.4 53.2 0.44
Preterm birth <37weeks (%) 4.9 1.6 0.23
Birthweight (g, mean £ SD) 3552 + 558 3552 + 507 0.99
Apgar score <7 at Sminutes (%) 1.3 1.6 0.86

BMI: body mass index; HG: hyperemesis gravidarum; IQR: inter quartile rand, SD: standard deviation.
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Baseline characteristics and birth outcomes

Table 1 shows characteristics and birth outcomes of participants who were and were not
admitted to the hospital for HG. Mothers who had been admitted for HG were more often
nulliparous (50 versus 34%), were less likely to have smoked during pregnancy (9.7 versus
19.9%), and gained significantly less weight during early pregnancy, compared with mothers
who had not been admitted for HG (0.2 + 2.9 versus 2.1 + 2.3 kg). There were no differences

in birth outcomes and neonatal characteristics associated with hospital admission for HG.

Table 2 Adolescent characteristics and cardiometabolic outcome measures at follow-up according

to HG in pregnancy (imputed data)

Control HG P-value
Adolescent characteristics
n 6420 42
Age at follow-up (years, mean * SD) 16.0 £ 0.38 15.9+0.34 0.23
Female (%) 50.7 47.6 0.76
Smoking (>1 cigarettes/week, %) 23 19 0.64
Anthropometric outcomes and blood pressure
n 6420 42
BMI [kg/m?, median (IQR)] 20.5(18.9-22.6)  20.5(19.4-24.4) 0.36
Height (cm, mean % SD) 169.3+8.4 169.4+10.4 0.99
Waist/hip ratio (cm, mean + SD) 0.80+0.1 0.80+0.1 0.60
Mean SBP (mmHg, mean % SD) 116 +13 118+ 14 0.26
Mean DBP (mmHg, mean £ SD) 68+8 697 0.39
Laboratory results®
n 5612 36
Glucose [mmol/I, median (IQR)] 5.20 (4.9-5.5) 5.30 (5.1-5.5) 0.06
Insulin [mU/I, median (IQR)] 8.80(6.9-11.4) 9.40(7.0-12.1) 0.28
Lipoprotein A (mmol/l, mean £ SD) 1.36+0.2 1.38+0.2 0.57
Lipoprotein B (mmol/l, mean * SD) 0.67 £0.2 0.71+0.2 0.11
HDL cholesterol (mmol/I, mean + SD) 141+0.3 1.40+0.2 0.79
LDL cholesterol (mmol/l, mean + SD) 2.25+0.6 2.38+0.5 0.17
Total cholesterol (mmol/l, mean * SD) 4.26+£0.8 4.38+0.7 0.37
Triglycerides [mmol/l, median (IQR)] 0.70 (0.6-0.9) 0.71 (0.6-1.0) 0.80
HOMA-IR [median (IQR)] 2.06 (1.6-2.7) 2.28(1.7-3.2) 0.24

BMI: body mass index; DBP: diastolic blood pressure; HDL: high density lipoprotein; HOMA-IR: homeostatic
model sensitivity insulin resistance; HG: hyperemesis gravidarum; IQR: inter quartile range; LDL: low density
lipoprotein; SBP: systolic blood pressure. *Fasting blood samples.
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HG and cardiometabolic health in offspring

Table 2 shows baseline characteristics for adolescent offspring and crude analyses of
anthropometric outcome measures, blood pressure, and laboratory results. We found no
differences between offspring born to mothers with and without hospital admission for
HG. Offspring BMI, blood pressure, glucose, lipids, and HOMA-IR did not differ according
to maternal HG status. Adjustments for factors associated with anthropometric outcome
measures, blood pressure, and laboratory results (sex, gestational age at birth, birthweight,
and offspring BMI), and possible maternal confounding effects (maternal smoking during
pregnancy and maternal education) did not alter the results, as demonstrated in Table 3.
Further sensitivity analyses with stratification for sex and complete case analyses did not
show any difference in any of the outcome measures between offspring born to mothers
who had and had not been admitted for HG (results not shown).

Table 3 Linear regression for HG, anthropometric outcomes, blood pressure and blood samples at
age 16 (imputed data)

Model 1 Model 2 Model 3

8 95%Cl 8 95%Cl 8 95%Cl
BMI (kg/m?)* 2.2 -0.2,4.6 2.4 -0.5,5.4 25 -2.0,7.3
Height (cm) -0.32 -1.31,0.67 -0.21 -2.03,1.61 -0.22 -2.06, 1,63
Mean SBP (mmHg) 1.89 -1.64,5.42 2.05 -1.47,5.57 1.44 -1.89,4.78
Mean DBP (mmHg) 1.00 -1.40, 3.39 1.06 -1.34,3.45 0.68 -1.62,2.97
Hip/waist ratio .003 -0.01,0.01 0.00 -0.01, 0.02 0.00 -0.01,0.01
Glucose (mmol/I)* 2.4 -0.6,5.4 2.4 -0.6,5.4 2.3 -0.6,5.3
Insulin (mU/1)* 9.9 -3.8,25.6 10.2 -3.6,25.9 7.1 -5.2,21.2
lipoprotein A (mmol/I) 0.03 -0.04, 0.09 0.03 -0.03, 0.09 0.03 -0.03, 0.09
lipoprotein B (mmol/l) 0.05 -0.10,0.10 0.05 -0.01,0.10 0.04 -0.01,0.10
HDL cholesterol (mmol/1) -0.00 -0.10,0.09 -0.00 -0.10,0.09 0.01 -0.10,0.10
LDL cholesterol (mmol/I) 0.14 -0.05,0.33 0.11 -0.04,0.33 0.12 -0.13,0.37
Total cholesterol (mmol/1) 0.13 -0.12,0.39 0.14 -0.11,0.39 0.12 -0.06, 0.30
Triglycerides (mmol/I)* -0.7 -13.3,15.6 -0.1 -12.9,14.3 -2.3 -12.9,16.2
HOMA-IR? 125 -3.8,30.1 12.9 -2.3,30.0 13.0 -0.6,31.0

BMI: body mass index; DBP: diastolic blood pressure; HDL: high density lipoprotein; HOMA-IR: homeostatic
model sensitivity insulin resistance; HG: hyperemesis gravidarum; IQR: inter quartile range; LDL: low density
lipoprotein; SBP: systolic blood pressure. Model 1: adjusted for se; Model 2: adjusted for model 1 + gestational
age at birth, birthweight and maternal smoking; Model 3: adjusted for model 2 + education mother and
adolescent BMI. 'Log-transformed, back-transformed, expressed in % of difference
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Maternal weight loss in early pregnancy and cardiometabolic health in offspring

Only eight women suffered from both HG and >5% weight loss. Therefore, we assessed
the effect of maternal weight loss in early pregnancy on offspring cardiometabolic health
regardless of HG diagnosis. At follow-up, physical examination data of 38 adolescents and
fasting blood samples of 30 adolescents born to mothers who lost more than 5% weight during
early pregnancy were available. Crude analyses showed that offspring born to mothers with
<5% weight loss were significantly taller compared with offspring born to mother with >5%
weight loss (169.3 + 8.4 versus 165.8 + 8.4 cm; P=0.01). For all other outcome measures,
including BMI, blood pressure, glucose, lipids, and HOMA-IR, crude analyses showed
similar results for offspring born to mothers with and without 5% weight loss, as shown
in Table S2. Adjustments for gestational age at first antenatal visit, sex, gestational age at
birth, birthweight, maternal smoking during pregnancy, and maternal education and BMI
showed no differences between the two groups for all outcome measures, including height
(adjustments not shown in supplement). The consequences of total gestational weight gain

could not be reliably assessed since maternal weight was not measured in late gestation.

Discussion

Main findings

To our knowledge, this is the first study to report on long-term consequences of HG
evaluating cardiometabolic risk factors of offspring at age 16 years. We were unable to
detect any differences in blood pressure, BMI, fasting glucose and lipid levels in adolescent
offspring born to mothers who had or had not been admitted to the hospital for HG. Our
findings do not support previous findings suggesting that offspring born to mothers with
HG had poorer cardiometabolic health compared with offspring of mothers without HG.*82°
Our present results also contrast with previous finding showing that prenatal undernutrition

negatively affects offspring cardiometabolic health.1141531

Strengths and limitations

This study was embedded in a large population-based cohort with prospective data
collection. At the time of participant selection nearly all pregnant women in Finland received
free antenatal care, making sampling bias unlikely. The physical examination of adolescents
was performed by trained nurses, which enhances the accuracy of the measurements.
The prevalence of HG in this cohort (0.7%) is similar to the prevalence of 0.89% in a large
Norwegian registry-based cohort study described by Vikanes et al.® This is relatively low
when compared to other literature reporting prevalences of 0.8-3.6% in similarly defined
registry studies.>® A possible explanation could be stricter criteria for hospital admission (we
only had data for inpatient treatments), but there has only recently been a move towards
outpatient treatment of HG,*? and it is likely that in 1986 all HG patients were admitted
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to hospital. Furthermore, nearly all participants were of Finnish ethnicity, reflecting the
population of Finland at that time, whereas HG seems to occur more often in women of
non-Western ethnicity.> Underdiagnoses might also have occurred when women who were
admitted to the hospital for more than one reason did not receive multiple ICD codes.
Unfortunately, because of the small sample of HG patients our analyses had limited power.
Based on calculations using NQUERY ADVISOR 7.0 (Statistical Solutions, Cork, Ireland),
assuming a power of 80%, we could have detected a difference of 9 mmHg for systolic blood
pressure, a difference of 2.3 kg/m? for BMI, and a difference of 0.29 mmol/I for fasting
glucose. We were therefore unable to show more subtle differences, which might have been
important as we know blood pressure tracks from childhood into adulthood.

Interpretation

There are several methodological issues that need to be considered in the interpretation
of our findings. First of all, cases were selected based on the ICD-8 code for HG. No
further information about HG severity, such as ketonuria or electrolyte disturbances, was
available. Unfortunately, no information about the duration of symptoms was available, and
gestational age at admission was not reliably linked to the onset of HG, and was therefore
not used. Unlike other studies reporting on HG,%>'*% in our study only a small percentage
of women (12.9%) suffered from significant weight loss, suggesting we studied a group
of women with relatively mild HG. Disease severity might also explain the inconsistencies
between our study results and those of Ayyavoo et al. and Grooten et al.**% In the study of
Ayyavoo et al. inclusion criteria were severe HG and electrolyte disturbances, and Grooten
et al. included women with early pregnancy weight loss of >5 kg. The present study is not
the first study to relate disease severity to HG and offspring outcome. Dodds et al.® found
that offspring of mothers with HG who gained less than 7 kg during their pregnancy were
at greater risk of having low birthweights and preterm delivery, compared with offspring
born to mothers with HG and >7 kg weight gain during pregnancy. It may be that severe
HG, complicated by weight loss and/or electrolyte disturbances, causes long-term health
effect in offspring, but it is likely that mild HG, as may be the case in this study, has no
consequences for cardiometabolic health of offspring.

Furthermore, the age of follow-up (16 years) needs to be considered. There is some evidence
that the association between birthweight and blood pressure is apparent in children
and adults, but that this association can be obscured due to hormonal perturbations in
puberty.>>* It might be that mild offspring cardiometabolic consequences of HG are not
detectable during puberty, but can be found earlier or later in life.
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Conclusion

We were unable to confirm that hospital admission for HG is associated with adverse
cardiometabolic risk factors in offspring at 16 years of age. Within the limits of our study, we
conclude that in women with mild HG, large clinical effects on the cardiometabolic health
of adolescent offspring are unlikely, but more subtle effects on long-term health cannot be
excluded. Therefore, further large-scale studies with long-term follow up are needed.
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Table S1 Baseline characteristics of mothers and offspring in original and imputed data

Missing (%) Original data  Imputed data
Maternal characteristics
Hyperemesis gravidarum 0.0 62 62
Age (years, mean * SD) 0.0 27.8+5.5 27.8+5.5
prepregnancy BMI [kg/m?, median (IQR)] 1.0 21.6 (20.0-23.8) 21.6 (20.0-23.8)
Nulliparous (%) 2.2 34.1 34.1
Hypertensive disorders in pregnancy (%) 0.5 14.4 14.6
Smoking in pregnancy (%) 3.9 19.7 19.8
Weight gain early pregnancy [median (IQR)] 2.7 2.0(1.0-3.0) 2.0(1.0-3.0)
Weight loss >5% during early pregnancy (%) 3.4 .70 .74
Low maternal education (<11 years) (%) 13.4 26.3 26.3
Pregnancy outcomes and neonatal characteristics
Female (%) 0.0 48.5 48.5
Preterm birth <37weeks (%) 0.1 4.9 4.9
Birthweight (gram, mean  SD) 0.0 3551+ 558 3551 + 557
Apgar score <7 at Sminutes (%) 19.4 1.3 13
Adolescent characteristics
Age at follow-up (years, mean + SD) 0.0 16.0+0.4 16.0+0.4
Female (%) 0.0 50.7 50.7
Anthropometric outcomes and blood pressure
BMI [kg/m?, median (IQR)] 0.3 20.5(18.9-22.6)  20.5 (18.9-22.6)
Height (cm, mean + SD) 0.8 169+ 8.4 169+ 8.4
Waist/hip ratio (cm, mean + SD) 0.6 0.8+ 0.06 0.8+0.06
Mean SBP (mmHg, mean = SD) 1.8 116 +12.7 116 +12.9
Mean DBP (mmHg, mean * SD) 1.8 68+8 68+8
Laboratory results!
Glucose [mmol/l, median (IQR)] 1.8 5.2 (4.9-5.4) 5.2 (4.9-5.4)
Insulin [mU/I, median (IQR)] 5.9 9.4 (7.3-12.1) 9.4(7.3-12.1)
Lipoprotein A (mmol/I, mean * SD) 2.7 1.36+0.2 1.36+0.2
Lipoprotein B (mmol/l, mean + SD) 1.4 0.67+0.2 0.67 £0.2
HDL cholesterol (mmol/l, mean + SD) 1.4 1.41+0.3 1.41+0.3
LDL cholesterol (mmol/l, mean + SD) 3.4 2.25+0.6 2.25+0.6
Total cholesterol (mmol/I, mean + SD) 34 43+0.8 43+0.8
Triglycerides [mmol/l, median (IQR)] 34 0.7 (0.6-1.0) 0.7 (0.6-1.0)

BMI: body mass index; DBP: diastolic blood pressure; HDL: high density lipoprotein; HG: hyperemesis gravidarum;
IQR: inter quartile range; LDL: low density lipoprotein; SBP: systolic blood pressure. *Fasting blood samples.
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Table S2 Adolescent characteristics and cardiometabolic outcome measures at follow-up according
to early pregnancy weight loss (> 5%)

<5 % weight loss >5 % weight loss P-value

Adolescent characteristics

n 6424 38

Age at follow-up (years, mean + SD) 16.0 £+ 0.38 16.0+0.40 0.59
Female (%) 50.6 57.9 0.76
Smoking (21 cigarettes/week, %) 22.9 29.3 0.18
Anthropometric outcomes and blood pressure

n 6424 38

BMI [kg/m?, median (IQR)] 20.5(18.9-22.6) 20.4(18.8-23.2) 0.93
Height (cm, mean + SD) 169.3+8.4 165.8+8.4 0.01
Waist/hip ratio (cm, mean + SD) 0.80+0.1 0.80+0.1 0.81
Mean SBP (mmHg, mean % SD) 116+ 13 112+ 13 0.16
Mean DBP (mmHg, mean * SD) 68+8 67+6 0.68
Laboratory results!

n 5618 30

Glucose [mmol/I, median (IQR)] 5.20 (4.9-5.5) 5.30(5.0-5.5) 0.08
Insulin [mU/I, median (IQR)] 8.80 (6.9-11.4) 9.00 (7.0-11.4) 0.65
Lipoprotein A (mmol/I, mean + SD) 1.36+0.2 1.39+0.2 0.39
Lipoprotein B (mmol/l, mean + SD) 0.67+0.2 0.67+0.1 0.83
HDL cholesterol (mmol/Il, mean * SD) 1.41+0.3 1.40%0.3 0.71
LDL cholesterol(mmol/I, mean % SD) 2.25+0.6 2.32+0.5 0.56
Total cholesterol (mmol/l, mean + SD) 4.26+0.8 436+0.7 0.58
Triglycerides [mmol/l, median (IQR)] 0.70 (0.6-0.9) 0.72 (0.6-0.9) 0.63
HOMA-IR [median (IQR)] 2.06 (1.6-2.7) 2.01(1.6-2.8) 0.41

BMI: body mass index; DBP: diastolic blood pressure; HDL: high density lipoprotein; HOMA-IR: homeo-static
model sensitivity insulin resistance; IQR: inter quartile range; LDL: low density lipoprotein; SBP: systolic blood
pressure. Fasting blood samples.
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Chapter 7

Abstract

Hyperemesis gravidarum (HG) leads to dehydration, poor nutritional intake, and weight loss.
Currently, very little is known about possible long-term consequences of HG for offspring
health. The objective of this study was to assess whether HG is associated with psycho
behavioural development of the offspring. This study is part of the Northern Finland Birth
Cohort 1986, which comprised pregnant women in the two northernmost provinces of
Finland. HG was defined as hospitalisation for HG based on the International Classification
of Diseases (ICD) code. Psycho-behavioural development was assessed in offspring at 8 years
with Rutter Children’s Behavioral questionnaire for teachers (RB2) (HG n = 52, reference
n = 8009), and at 16 years with the Strengths and Weakness of ADHD symptoms and
Normal behaviour (SWAN) questionnaire for parents (HG n = 39, reference n = 6549) and
with the Youth Self-report (YSR) questionnaire (HG n = 45, reference n = 6874). We found
no differences in offspring RB2, SWAN and YSR questionnaire scores between offspring
born to mothers with and without HG. Adjustments for sex, maternal age, education and
relationship status did not alter these results (adjusted odds ratio total RB2 score 29: 1.44
95%Cl 0.7 to 1.7; adjusted difference total SWAN score: -0.10 95%Cl -0.25 to 0.05; adjusted
difference total YSR score: -1.16 95%Cl -5.35 to 3.03). In conclusion, we found no evidence
that HG has major negative consequences for the psycho-behavioural development of the
offspring. However, further research with larger number of women with HG will be required
to investigate potentially more subtle effects of severe HG on offspring’s psycho-behavioural

development.

116



HG and psycho-behavioural development of the offspring

Introduction

Nausea and vomiting in pregnancy is common and often self-limiting.* When nausea and
vomiting is severe or protracted it can lead to dehydration, electrolyte disturbances and
significant weight loss necessitating hospital admission.> 2 This condition is often referred to
as hyperemesis gravidarum (HG) and affects 0.2-3.6% of pregnancies.*” HG has a detrimental
effect on maternal well-being and quality of life and poses a severe psychosocial burden.®**

There is increasing evidence from epidemiological studies suggesting that a suboptimal
intrauterine environment negatively affects foetal development with lasting consequences
for later growth, neurodevelopment and health.?**> Organs and tissues are most sensitive
to environmental insults during critical periods of rapid development. Since HG occurs
in early pregnancy?, a critical period for foetal brain development®®, it might affect foetal
neurodevelopment with lasting consequences for development and behavior. There are two
pathways by which this may occur. First, maternal undernutrition due to HG might affect fetal
brain development.”!8 Second, increased maternal stress or increased maternal depression
associated with HG may lead to excessive glucocorticoid release?® causing dysfunction of the
fetal hypothalamic-pituitary-adrenocortical (HPA) axis, which can also disrupt the normal
development of the brain.?® Both maternal undernutrition and stress/depression during
pregnancy have been shown to be associated with increased risk of mental health problems
in (adult) offspring.?*2

Studies investigating the consequences of HG on the psycho-behavioural development of
the offspring are limited.? % There are indications that prenatal exposure to HG is associated
with neurodevelopmental delay and an increased risk of psychological and behavioural
disorders in the offspring.?>?® Also, nausea and vomiting in pregnancy beyond the first
trimester was associated with lower task persistence and more attention and learning
problems in the offspring.?” However, none of the studies on HG used validated screening
instruments to assess offspring mental health.?>? Furthermore, the design of the studies
made them prone to selection bias, as participants were recruited online. So far, large
studies with prospective data collection and objectively measured outcomes on multiple
time points to study whether HG is associated with the psycho-behavioural development of
the offspring have not been performed. Hence, it remains unclear whether HG influences

offspring psycho-behavioural development.
The limited findings so far prompted us to further investigate the consequences of HG on

the psycho-behavioural development of the offspring. The Northern Finland Birth Cohort
1986 (NFBC1986) is a large, prospective population-based cohort with information about HG
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during pregnancy and long-term follow-up of offspring. This provided a unique opportunity
to evaluate whether HG affects the psycho-behavioural development in 7-8 and 16 year old

offspring.

Methods

Study population

The NFBC1986 recruited women in the provinces of Oulu and Lapland. Women with an
expected date of delivery between July 1, 1985 and June 30, 1986 where eligible.? In total,
9362 mothers were included and 9479 babies were born. Pregnant women were recruited at
maternity health centres at their first antenatal visit, on average 12" gestational week, and
the data was gathered prospectively onwards. Women provided information via structured
self-report questionnaires, while data on antenatal visits, hospital admissions and birth
outcomes were obtained from maternity health centres and hospital medical records.29
The cohort was followed-up in 1992-1994 at offspring age 7-8 and in 2002 at offspring age
16. Follow-up focused on offspring health and wellbeing. All participating adolescents and
their parents gave informed consent to use their data for scientific research. We included

singleton pregnancies only.

Definition of HG

HG was defined as hospitalisation during pregnancy for HG according to the 1968-1986
International Classification of Diseases-8 (ICD-8) (code: 638),*° which was extracted from
the mothers’ hospital medical records. Vikanes et al.3! demonstrated that ICD codes in the
birth register of Norway, can be considered valid for the diagnoses of mild HG in registry-
based research. The reference group consisted of all women who were not hospitalised for

HG during pregnancy.

Outcome measures and covariates

Maternal and offspring characteristics

Information on parity, relationship status, highest maternal education attainment and
self-reported maternal pre-pregnancy height (cm) and weight (kg) was obtained through
guestionnaires. Information on maternal age (years) and offspring sex was obtained from
medical records.

During the follow-up in 1992-1994 at offspring age 7-8 the Rutter Children’s Behavioral
Questionnaire (RB2) score was filled out by teachers. During the follow-up in 2002, at
offspring age 16, parents filled out the Strengths and Weakness of ADHD symptoms and
Normal behaviour questionnaire (SWAN) questionnaire and offspring filled out the Youth
Self-Report questionnaire (YSR).

118



HG and psycho-behavioural development of the offspring

Offspring Follow-up

RB2 questionnaire

The RB2 score is awidely used questionnaire for teachers to assess emotional and behavioural
wellbeing of 8-year-old children. The questionnaire was developed to discriminate between
potentially healthy and potentially disturbed children and is validated amongst Finnish
school children.??3® The questionnaire consists of 26 brief items concerning the child’s
behaviour, problems and habits within the past 12 months (for example: ‘bullies’ and ‘poor
concentration’). Each item can be scored as 0 (does not apply), 1 (applies somewhat) and
2 (certainly applies), yielding a score between 0 and 52. A total cutoff score of 29 has been
shown to indicate probable psychiatric disturbance in general.3>* The RB2 generates three

subscales: emotional, anti-social and inattention-hyperactivity.®*

SWAN questionnaire

The SWAN questionnaire was developed to evaluate symptoms and signs of ADHD and
consists of 18 items based on the ADHD symptoms described in the DSM-IV.3>%*¢ The
symptoms are translated into statement on how well the child behaves compared to other
children (for example: ‘how well does this child listen when spoken to directly’). Each item
is rated on a 7 point rating scale with the average behaviour scored as 0 (far below average
=3, below average = 2, somewhat below average = 1, somewhat above average = -1, above
average = -2 and far above average = -3). The questionnaire is expected to produce a normal
distribution of behavioural scores.® There are 9 items in the attention subscale and 9 items
in the hyperactivity subscale, all items together indicate ADHD combined subtypes.**

YSR questionnaire

The YSR is a widely used and validated questionnaire derived from the Child Behaviour
Check List (CBCL) and was designed to evaluate competencies and problems of 11- to
18-year-olds.3”*® The questionnaire includes 112 items. Adolescents self-report the
applicability of every item on a 3-point scale: O (not true), 1 (somewhat true), 2 (very often
true) (for example: ‘l get in many fights’ and ‘1 worry a lot’). The YSR is not a diagnostic tool,
but it is often used to evaluate psychopathology of adolescent in epidemiological research.®®
Eight DSM-IV orientated syndrome subscale can be calculated: withdrawn, somatic
complains, anxiety/depression, thought problems, social problems, delinquent behavior and
aggressive behaviour.®® Furthermore, domains for internalising and externalising problems
can be calculated. The internalizing problem subscale comprises the withdrawn, somatic
complains and anxiety/depression subscales whereas the externalizing domains comprises
the delinquent behavior and aggressive behaviour subscales.*®
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Data analysis

We present normally distributed continuous variables as means with SDs and skewed
distributions as medians with interquartile ranges (IQRs). We tested data with a normal
distribution with the student’s t test for means and data with a non-normal distribution
with the Mann-Whitney U test for medians. We present dichotomous and categorical
variables as number with percentages. These variables were analysed using the x2-test or
Fisher’s exact test for proportions, where appropriate. The SWAN and YSR questionnaires
were analysed using multivariate linear regression, reported in differences (8) and 95%
confidence intervals (Cl). The RB2 questionnaire had a non-normal distribution, even after
logarithmic transformation, and, also the residuals followed a non-normal distribution.
Therefore, the RB2 was analysed using logistic regression, reported in odds ratios (OR)
and 95%Cl, with a cut-off score 29 (indication for probable psychiatric disturbance). We
adjusted for sex (model 1), followed by adjustments for low maternal age (<20 years), low
maternal education (<11years) and single relationship status of the mother and in model
2. The first model was chosen to approximate an unadjusted model. The second model
was chosen to adjust for possible confounders. We considered low maternal age <20 years,
low maternal education (<11 years) and single relationship status as potential confounders
because they have been associated with offspring inattention and hyperactivity symptoms
within the NFBC cohort.*® Moreover, it is known that women with HG are younger and have
lower education compared to women without HG.*#2 In order to assess whether there was
selective loss to follow-up we compared maternal characteristics of responders and non-
responders of the SWAN questionnaire . Lastly, we assessed whether the standard expected
differences in the RB2, SWAN and YSR scores between boys and girls were present in this
study using student’s t test, Mann-Whitney U test or Chi-square test.

Missing values of baseline characteristics and possible confounders were estimated by
multiple imputation. In total, 2.2% of the variables of interest were missing; 13.4% for
maternal education and less than 4% for remaining variables. Missing values were imputed
using the fully conditional specification (FCS) method to create 5 imputed datasets. Little’s
MCAR test was significant (p<0.001) indicating that values were not missing completely at
random (MCAR) and the imputation was carried out under the missing at random (MAR)
assumption that missing data is related to other observed variables.** Outcome measures
were not imputed. There were no significant differences in distributions of variables and
outcomes between original data and pooled imputed data (Supplemental table S1). All

analyses were performed using IBM SPSS (ver. 22.0) for Windows.
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Figure 1 Flow diagram NFBC
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Results

Maternal and offspring characteristics

8953 mothers and offspring were included in the study. Of these, 62 women had been
admitted to hospital for HG (0.7%). Baseline characteristics are described in Table 1.
Mothers who had been admitted for HG were slightly younger and more often nulliparous
(50% versus 33%), and gained significantly less weight during early pregnancy than those
who had not been admitted to hospital for HG. The percentage of maternal age <20, low
maternal education (<11 years) and single relationship status did not differ between the two
groups. There were no differences in birth outcomes and neonatal characteristics associated
with hospital admission for HG.

Table 1 Maternal characteristics and pregnancy outcomes of women hospitalised for HG and the
control group (imputed data)

Control HG P-value
n 8891 62
Maternal characteristics
Age (years) (mean, SD) 27.8+5.5 26.5+5.7 0.06
Low maternal education (<11 years) (%) 26.3 24.2 0.80
Age <20 years (%) 7.7 8.1 0.51
Single status (%) 4.2 3.2 0.51
Nulliparous (%) 34.0 50.0 0.01
Prepregnancy BMI (kg/m?) [median (IQR)] 21.6 (20.1-23.8) 21.0(19.3-23.4) 0.14
Gestational age at inclusion (years) (mean, SD) 103+3.7 10.9+3.2 0.28
Weight gain early pregnancy (kg) (mean, SD) 21+23 0.2+29 <0.001
Pregnancy outcomes and neonatal characteristics
Female (%) 48.4 53.2 0.44
Preterm birth <37weeks (%) 4.9 1.6 0.23
Birth weight (gram, mean £ SD) 3552 +558 3552 + 507 0.99
Apgar score <7 at 5Sminutes (%) 1.3 1.6 0.86

Abbreviations; BMI: body mass index
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Does HG affect psycho-behavioural development in offspring?

The RB2 questionnaire was available for 8061 offspring of whom 52 born to mothers with
hospital admission for HG. The SWAN and the YSR questionnaires were available for 6588
and 6919 offspring of whom respectively 39 and 45 offspring born to mothers with hospital
admission for HG (Figure 1). Table 2 shows that for all outcome measures, including the
subscales of the questionnaires, unadjusted analyses showed similar results for offspring
born to mothers with and without HG. Adjustments for sex (model 1) and maternal age <20
years, low maternal education and maternal single relationship status (model 2) did not
alter the results (Table 3).

Table 2 Neurobehavioural characteristics according to HG in pregnancy using the RB2 scale at age 8
and the SWAN and YSR at age 16 (imputed data)

No HG HG P-value
8-y-olds RB2 score (teacher report)
n 8009 52
Total RB2 score [median (IQR)] 2 (0-5) 2 (0-7) 0.99
Probable psychiatric disturbance (RB2 2 9) n (%) 1123 (14) 8(15) 0.78
- Emotional subscale [median (IQR)] 0(0-1) 0(0-2) 0.30
- Anti-social subscale [median (IQR)] 0(0-1) 0(0-1) 0.79
-Inattention-hyperactivity score [median (IQR)] 3(3-5) 3(3-5) 0.69
16-y-olds SWAN score (parent report)
n 6549 39
Total SWAN score (mean, sd) -1.1+£0.9 -1.2+1.0 0.63
- Inattention subscale (mean, sd) -0.8+1.0 -09+1.0 0.95
- Hyperactivity subscale (mean, sd) -1.3+1.0 -14+1.0 0.43
16-y-olds YSR score (self-report)
n 6874 45
Total YSR score 27.3+16.2 25.7+16.8 0.51
YSR internalizing subscale 9.6+7.7 9.2+7.6 0.72
YSR externalizing subscale 10.2+6.5 9.2+7.2 0.34
- Withdrawn subscale (mean, sd) 2.50+2.1 2.51%+2.0 0.98
- Somatic complains subscale [median (IQR)] 3(1-5) 2 (1-4) 0.51
- Anxiety/depression subscale [median (IQR)] 3(1-6) 2 (1-7) 0.67
- Thought problems subscale [median (IQR)] 1(0-2) 1(0-2) 0.42
- Social problems subscale [median (IQR)] 1(0-3) 1(1-2) 0.73
- Delinquent behavior subscale (mean, sd) 3.20+£2.5 3.09+2.8 0.76
- Aggressive behaviour subscale (mean, sd) 6.96 + 4.6 6.16 £4.9 0.25
- Attention problems subscale (mean, sd) 436126 420+2.8 0.68

RB2, Rutter Children’s Behavioral Questionnaire for teachers; SWAN, Strengths and Weakness of ADHD symptoms
and Normal behavior questionnaire; YSR, Youth Self-Report.
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Table 3 Logistic and linear regression for HG, RB2 at age 8 and SWAN and YSR at age 16 (imputed
data)

Model 1 Model 2

B/OR 95%Cl B/OR 95%Cl
8-y-olds RB2 score
Total RB2 score 29 1.44 0.9, 3.55 1.13 0.53,3.2
16-y-olds SWAN score
Inattention score -0.03 -0.22,0.16 -0.04 -0.20,0.11
Hyperactivity score -0.15 -0.31, 0.02 -0.15 -0.32,0.01
Combined ADHD score -0.09 -0.38,0.20 -0.10 -0.25, 0.05
16-y-olds YSR score
Withdrawn 0.05 -0.55, 0.65 0.05 -0.57,0.67
Somatic complains -0.07 -0.18,0.63 -0.07 -0.77,0.63
Anxiety/depression -0.12 -1.31,1.10 -0.12 -1.31,1.10
Thought problems 0.16 -0.11,0.43 0.16 -0.37,0.69
Social problems -0.21 -0.72,0.30 -0.22 -0.72,0.29
Delinquent behavior -0.09 -0.81, 0.63 -0.11 -0.82,0.61
Aggressive behaviour -0.73 -2.10, 0.60 -0.75 -2.08, 0.59
Attention problems -0.10 -0.84, 0.65 -0.11 -0.85, 0.64

Abbreviations: RB2: Rutter Children’s Behavioral Questionnaire for teachers; SWAN: Strengths and Weakness
of ADHD symptoms and Normal behavior questionnaire; YSR: Youth Self-Report. Model 1, adjusted for sex;
model 2, adjused for sex, low maternal education, single status mother and maternal age <20.

Maternal characteristics of responder of SWAN questionnaire

There was attrition at follow-up, with the SWAN questionnaire containing the largest
percentage of missing data. Therefore, we compared maternal characteristic of responders
and non-responders of the SWAN questionnaire. According to parental questionnaire,
mothers who did not fill out the SWAN questionnaire where significantly younger and had
significantly more often a single relationship status at inclusion than mothers who filled out
the SWAN questionnaire (age: 26.9 + 5.5 versus 28.0 £ 5.5; p<0.001 and single relationship
status: 6.3% versus 3.5%; p<0.0001) (Supplemental Table S2).

Difference between boys and girls

For the RB2 and the SWAN questionnaires boys had a significant overall higher score than
girls (total RB2 3 (1-7) versus 1 (0-4); p<0.001) (total SWAN -1.0 + 0.9 versus -1.2 = 0.9;
p<0.001) and for the YSR girls had a significant overall higher score than boys (total YSR 22.2
+ 1.4 versus 32.0 + 16.9; p<0.001).

124



HG and psycho-behavioural development of the offspring

Discussion

Main findings

In this large prospective birth cohort study, we were unable to detect any effects of prenatal
exposure to HG on offspring psycho-behavioural development. Our findings suggest that
major effects of HG on offspring’s psycho-behavioural development are unlikely. However,
subtle effects, which have also been found in other studies, cannot be excluded.?>%

Strength and limitations

This study was part of a large population based cohort with prospective data collection. At
the time of participant selection, all pregnant women in Finland received free antenatal
care, making sampling bias unlikely. Psycho-behavioural development was assessed twice
over a period of 16 years, using validated screening instruments. The significant differences
between boys and girls in all three questionnaires are in line with existing literature,**4®
suggesting that the data collection is valid. A limitation in our study is the lack of validated
information about maternal psychological stress during pregnancy and detailed information
on parental mental health at follow-up (offspring age 8 and 16 years). It is well known that
offspring of parents with psychological health problems have a higher risk of developing
psychological health disorders themselves including depression,*” autism* and behaviour
disorders.* Another limitation is the statistical power. Due to the small number of HG
patients and limited follow-up our study had limited statistical power to detect more subtle
effects on psycho-behaviour development. A last important limitation is the difference in
percentage of missing data between the HG and the reference group. At offspring age 8, the
RB2 questionnaire was missing in 16% (10/62) of the HG group and 10% (880/8889) of the
reference group. At offspring age 16, the SWAN questionnaire and the YSR questionnaire
were missing in 37% (23/62) and 27% (17/62) of the HG group and in 26% (2340/8889) and
23% (201/8889) of the reference group, respectively. We found that SWAN questionnaire
was more frequently missing when the mother was younger or single. This conforms the
presence of selective lost to follow-up, which may lead to selection bias. Based on previous
literature, showing an association between low maternal age and single relationship status
and offspring inattention and hyperactivity symptoms*®, this would possibly cause and
underestimation of the studied effects. However, adjustments have been made for these
confounders.

Interpretation
Our findings differ from those of Fejzo et al.?® and Mullin et al.?® who found an increased
risk of psychological and behavioural disorders in offspring of women with HG. Both studies

included a larger number of participants than the current study (Fejzo et al. n = 312 and
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Mullin et al. n = 87). However, these studies used retrospective designs, recruited women
online and did not use validated screening instruments hence these studies are prone to

recall and selection bias.

Multiple studies have suggested an association between severe forms of HG and negative
offspring outcomes.>**>* Severe HG is often defined as HG with substantial weight loss,
electrolyte disturbances or persistence of symptoms in the second trimester. Since, in
our study, the diagnosis of HG was solely based on hospital admission and the ICD code,
no further information on disease severity such as metabolic disturbances, duration of
symptoms and impact on maternal wellbeing was available. The only factor possibly related
to disease severity available was maternal weight gain in early pregnancy. Although we
found that women admitted to the hospital for HG gained significantly less weight in early
pregnancy, overall the difference in weight gain between women with and without HG was
only 2 kg. This suggests that maternal undernutrition may have been mild and therefore,
it is likely that we studied a group of women who on average had relatively mild HG. We
therefore could not assess effects of severe HG on psycho-behavioural development in

offspring.

Conclusion

Based on our findings it is unlikely that mild HG causes major psycho-behavioural
developmental problems for the offspring in childhood or adolescence. However, further
research including a larger number of women with HG and more information on disease
severity, maternal wellbeing during pregnancy and parental psychological health will be
required to investigate potentially more subtle effects of (severe) HG on offspring’s psycho-

behavioural development.
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Table S1 Baseline characteristics of mothers and offspring in original and imputed data

Missing (%) Original data Imputed data
Maternal and child characteristics
HG 0.0 62 62
Age (years, mean) 0.0 27.8%5.5 27.815.5
prepregnancy BMI (kg/m?) [median (IQR)] 1.0 21.6(20.0-23.8) 21.6(20.0-23.8)
Nulliparous (%) 2.2 34.1 34.1
Weight gain early pregnancy (median (IQR)) 2.7 2.0(1.0-3.0) 2.0(1.0-3.0)
Weight loss >5% during early pregnancy (%) 34 0.70 0.74
Low maternal education (<11 years) (%) 134 26.3 26.3
Single relationship status mother (%) 0.0 4.2 4.2
8-y-olds Rutter B2 score (teacher report)
n
Total Rutter score [median (IQR)] 0.0 0 (0-5) 0 (0-5)
- Neurotic subscale [median (IQR)] 0.0 0(0-1) 0(0-1)
- Anti-social subscale [median (IQR)] 0.0 0(0-1) 0(0-1)
-Inattention-hyperactivity score [median (IQR)] 0.0 3(3-5) 3(3-5)
16-y-olds SWAN (parent report)
n
Total SWAN score (mean, sd) 0.0 -1.1+0.9 -1.1+0.9
- Inattention subscale (mean, sd) 0.0 -0.9+1.0 -0.9+1.0
- Hyperactivity subscale (mean, sd) 0.0 -1.4+1.0 -1.4+1.0
16-y-olds YSR (self-report)
n
Total YSR score 0.0 27.2+16.2 27.2+16.2
- Withdrawn subscale (mean, sd) 0.0 25+2.2 25+2.2
- Somatic complains subscale [median (IQR)] 0.0 3(1-5) 3(1-5)
- Anxiety/depression subscale [median (IQR)] 0.0 3(1-6) 3(1-6)
- Thought problems subscale [median (IQR)] 0.0 1(0-2) 1(0-2)
- Social problems subscale [median (IQR)] 0.0 1(0-3) 1(0-3)
- Delinquent behavior subscale (mean, sd) 0.0 3.21+4.2 3.21+4.2
- Aggressive behaviour subscale (mean, sd) 0.0 7.0+4.6 7.0+4.6
- Attention problems subscale (mean, sd) 0.0 4.4+2.6 44+2.6

Abbreviations: RB2: Rutter Children’s Behavioral Questionnaire for teachers; SWAN: Strengths and Weakness of
ADHD symptoms and Normal behavior questionnaire; YSR: Youth Self-Report.
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Table S2 Maternal characteristics of women/parents who filled out the SWAN questionnaire and

who did not fill out the SWAN questionnaire

SWAN No SWAN

performed performed P-value
n 6588 2365
Maternal characteristics
Age (years) (mean, SD) 28.0+5.5 26.9+5.5 <0.001
Low maternal education (<11 years) (%) 25.7 26.5 0.11
Age <20 years (%) 6.7 10.5 <0.001
Single status (%) 3.5 6.3 <0.001
Nulliparous (%) 35.5 33.6 0.09
Prepregnancy BMI (kg/m?) [median (IQR)] 21.6(20.1-23.8) 21.7(20.0-24.0) 0.35
Gestational age at inclusion (years) (mean, SD) 10.8+3.5 11.0+3.7 0.32
Weight gain early pregnancy (kg) (mean, SD) 22+25 2.0%2.2 0.06

Abbreviations: BMI: body mass index, SWAN: Strengths and Weakness of ADHD symptoms and Normal

behaviour
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Abstract

Background Hyperemesis gravidarum (HG) is a common cause of hospital admission in early
pregnancy. There is no international consensus on the definition of HG, or on outcomes that
should be reported in trials. Consistency in definition and outcome reporting is important

for the interpretation and synthesis of data in meta-analyses.

Objective We aimed to identify which HG definitions and outcomes are currently in use in
trials.

Search strategy We searched the following sources: (1) Cochrane Central Register of
Controlled Trials, (2) Embase and (3) Medline for published trials and the WHO-ICTRP
database for ongoing trials (27 Ocotber 2017)

Selection criteria All randomised clinical trials reporting on any intervention for HG were
eligible.

Data collection and analysis Two reviewers independently assessed trial eligibility and
extracted data on HG definition and outcomes.

Results We included 31 published trials reporting data from 2511 women and 3 ongoing
trials with a planned sample size of 360 participant. We identified 11 definition items. Most
commonly used definition items were vomiting (34 trials) and nausea (30 trials We identified
34 distinct outcomes. Most commonly reported outcomes were vomiting (29 trials), nausea
(26 trials), need for hospital treatment (14 trials) and duration of hospital (re)admission(s)
(14 trials).

Conclusion There is substantial variation of HG definition and outcome reporting in trials.
This hampers meaningful aggregation of trial results in meta-analysis and implementation
of evidence in guidelines. To overcome this, international consensus on a definition and a
core outcome set for HG trials should be developed.
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Introduction

Nausea and vomiting in pregnancy (NVP) is common with a prevalence of 50-80%. When
these symptoms are severe or protracted the condition is called hyperemesis gravidarum
(HG). HG affects 0.2-3.6%>> of pregnancies and can lead to dehydration, electrolyte
disturbances and significant weight loss, necessitating hospital admission.® HG has
detrimental effects on maternal wellbeing and quality of life,”® and there are indications
that HG may lead to adverse pregnancy and perinatal outcomes.? Although HG is the most
frequent reason for hospital admission in early pregnancy,'® there is an absence of high
quality evidence on effective treatment.'**? The etiology of HG is poorly understood?®® and
there is no single biomarker that can diagnose or predict disease severity.'*

To date, HG has been a clinical diagnosis made after other causes of nausea and vomiting have
been excluded. There is no international consensus on the definition of HG and clinical trials
evaluating treatments for HG have therefore been inconsistent in the choice of symptoms
defining HG in pregnant women. As a consequence, meta-analyses on HG treatments have
reported a significant variation in key patient characteristics between studies.'>*> A second
problem these meta-analyses address, is the lack of consistency in the outcomes reported
in studies on HG.*215 Because trials on HG often include small sample sizes and therefore
have limited statistical power, aggregation of data by the method of meta-analysis could be
helpful in providing robust evidence of effectiveness and safety. However, the variation of
used definitions and outcomes reported within clinical trials on HG hampers comparisons
between these studies.

To overcome this problem, international consensus on definition and outcomes (‘core
outcome set’) can be accomplished. A ‘core outcome set’ is a minimal set of outcomes that
relevant stakeholders consider critical in the evaluation of interventions for specific health

conditions (www.comet-initiative.org).1®

To enable an international consensus project on HG definition and core outcomes, we aimed
to identify which definitions and outcomes are currently in use in published and ongoing

randomised clinical trials reporting on any intervention for HG.

Materials and methods

Search strategy and data collection
We performed a systematic review following the guidance of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement.” A medical information

specialist (J.L.) performed a comprehensive search in Medline, Embase and the Cochrane
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Central Register of Controlled Trials (CENTRAL) from the inception of the dataset to 27
October 2017 to identify randomized controlled trials. In order to identify ongoing trials,
we also searched the WHO-ICTRP database (27 October 2017). The WHO-ICTRP database
includes data from 17 clinical trial registration databases including clinicaltrials.gov and other
worldwide national trial registries. On completion, citations identified in each database
were imported into EndNote X7.5 and de-duplicated. Search details of both searches are
presented in Appendices S1 and S2. Two reviewers independently assessed trial eligibility
and extracted data on HG definition and outcomes (search 1: RB and MHK; search 2: 1JG
and MHK). Since there is no agreement regarding the definition of HG and the difference
between HG and NVP remains a grey area we included all randomised clinical trials studying
any intervention for HG (as defined by the author). Trials with mixed NVP and HG were only
included if data on HG subgroup was presented separately. Trials reporting on NVP without
reporting on HG were excluded. We only included ongoing or unpublished trials which had
a progress update in the last 5 years and had been not stopped before inclusion started. Any
disagreements were reviewed and decided upon consensus. This study did not receive any
funding.

We described HG definition items as any patient characteristic (clinical or biophysical) that
qualified a patient for trial entry (e.g.: gestational age at beginning of symptoms). Different
measures were used to specify these items (e.g.: onset of symptoms before 12 weeks

gestation).

We defined outcomes as an indication on ‘what’ to measure (e.g.: presence/severity of
vomiting) and outcome measures as an indication on ‘how’ to measure (e.g.: 24-hour
Pregnancy Unique Quantification of Emesis score). In order to improve clarity, we subdivided
all identified definition items and outcomes in different domains during a face-to-face
meeting with 8 stakeholders representing 5 stakeholder groups (obstetricians, midwives,
general practitioners, researchers and patients). Results are displayed as frequencies.
The plan for the systematic review was registered beforehand (www.comet-initiative.org/
studies/details/805).

To gain insight in the quality of the reported outcomes two reviewers (MHK and RB)
independently assessed the quality of describing and reporting outcomes of published trials
using a framework presented by Harman et al.*® This framework consists of six items: 1) Is
the primary outcome clearly stated (1 point)? 2) Is the primary outcome clearly defined(1
point)? 3) Are the secondary outcomes clearly stated(1 point)? 4) Are the secondary
outcomes clearly defined(1 point)? 5) Do the authors explain the use of the outcomes
they have selected(1 point)? 6) Are methods used to enhance the quality of outcome
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measurement (e.g., repeated measurements, training) if appropriate (1 point)? If there was
no clear distinguish between primary and secondary outcomes but the outcomes used were

clearly defined and therefore reproducible we did give points for question 2 and 4.

Results
The search resulted in 593 published records and 103 registered trials. Thirty-one published

trials, reporting data from 2511 women, and 3 ongoing trials, with a planned sample size
of 360 participants in total, met our inclusion criteria (Figure 1). Study characteristics of
included trials are listed in Table S1.

Figure 1 Flowchart of included studies

Database search

Records identified n = 932
CENTRAL n = 382
EMBASE n =317
MEDLINE n =233

WHO ICTRP search
Records identified n = 103

Excluded n = 100
Incorrect study population n =74
Incorrect study design n =14

A Published n=9
No progression >5 yearsn=5

Duplicates n =393

Records screened n = 593

Excluded n = 464

Y

Full text articles assessed for
eligibility n = 75

Excluded n = 44
Incorrect study population n =37
Incorrect study designn =3
Brief communicationn=3
Study protocoln=1

Y Y

Studies included n = 31 Studies included n =3
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HG definition items and measures

We categorised definition items into 5 domains (presence of symptoms, gestational age
at inclusion or beginning of symptoms, symptoms severity, laboratory findings and need
for interventions to manage symptoms). Within these domains, we identified 11 different
definition items and 54 item measures. Definition items used more by more than 1 trial for
HG are represented in Table 1, all used definition items are listed in Table S2. Vomiting was
used in all 34 trials with 6 distinct item measures; nausea was used in 30 trials (88%) with
5 distinct item measures; gestational age at inclusion or beginning of symptoms was used
in 27 trials (79%) with 11 distinct item measures; ketonuria/acidosis in 19 trials (57%) with
7 distinct item measures and need for hospital treatment was used in 17 trials (49%) with
6 distinct item measures. The most frequently used measure for vomiting was occurrence
of vomiting without further specification (30 trials, 79%); for nausea this was occurrence
of nausea without further specification (26 trials, 76%); for gestational age at inclusion or
beginning of symptoms this was gestational age at inclusion <16 weeks (8 trials, 24%); for
ketonuria/acidosis this was ketonuria (not quantified) (7 trials, 21%) and for need for day
care or hospital admission this was hospital admission with diagnosis of HG (12 trials, 35%).

HG outcomes and measures

We categorized outcomes into 8 domains (presence of symptoms, laboratory findings,
need for interventions to manage symptoms, maternal service utilization, maternal quality
of life, pregnancy complications, termination of pregnancy, birth outcomes and offspring
outcomes). We identified 34 different outcomes and 95 different outcome measures.
Outcomes used by more than 2 trials for HG are represented in Figure 2, all outcomes items
are listed in Table S3. Vomiting was reported in in 29 trials (85%) with 7 distinct outcome
measures; nausea was reported in 26 trials (76%) with 8 distinct outcomes measures; need
for hospital treatment was reported in 14 trials (41%) with 6 distinct outcome measures;
duration of hospital (re)admission(s) was reported in 14 trials (41%) all using 1 outcome
measure and maternal wellbeing was reported in 12 trials (35%) with 8 distinct outcome
measures The most frequently used outcome measure for vomiting was the number of
episodes (16 trials, 47%); for nausea this was the intensity of nausea measured on a visual
analogue scale ranging from 0 to 10 (10 trials, 29%); for hospital (re)admission(s) this was
the number of readmissions (10 trials, 29%) and for maternal wellbeing this was wellbeing

measured on a visual analogue scale ranging from 0 to 10 (4 trials, 12%).
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Table 1 Definition items and item measures used by more than one randomised clinical trial for

hyperemesis gravidarum.

Definition items Number (%)
Item measures

Domain: presence of symptoms

Vomiting 34 (100)
Occurrence of vomiting (no further specification) 27 (79)
Vomiting >3 times per day 2 (6)
Vomiting which did not decrease significantly during the first 2 days of clinical admission 2 (6)

Nausea 30 (88)
Occurrence of nausea (no further specification) 26 (76)

Domain: gestational age at inclusion or beginning of symptoms

Gestational age at inclusion or beginning of symptoms 27 (79)
Gestational age at inclusion <12 weeks 2(6)
<16 weeks 8 (24)
<20 weeks 5(15)
first trimester 2(6)
between 5-14 weeks 2 (6)
between 6-12 weeks 3(9)

Domain: symptom severity

Weight loss 9 (26)
Weight loss(no further specification) 9(26)
>5% of prepregnancy weight loss 5(15)

Signs of dehydration 7 (21)
Clinical dehydration 7(21)

Inability to tolerate oral fluid and/or food 4(12)
Inability to tolerate oral fluids 2 (6)

Domain: laboratory findings 19 (56)

Ketonuria/ acidosis 19 (56)
Ketonuria (not quantified) 7 (21)
ketonuria 21+ 3(9)
ketonuria 22+ 3(9)
ketonuria 23+ 3(9)

Electrolyte disturbances 5(15)
Serum potassium <3.4mEq/L 2 (6)

Domain: need for interventions to manage symptoms

Need for hospital treatment 17 (50)
Hospital admission with diagnosis of HG 12 (35)

Need for treatment at home (anti-emetics or other kinds of medication) 5(15)
Receiving at least one antiemetic 2 (6)
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Figure 2 Outcomes reported by more than two HG trials
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Quality of outcome reporting

The primary outcome was clearly stated in almost two-third of the published trials (20/31,

65%) and the secondary outcomes were clearly stated in 17 trials (55%). The description

of primary outcomes was clearly defined in 23 trials (74%) and of secondary outcomes in

20 trials (65%) (this exceeds the number of trials with a clearly stated primary/secondary

outcome since we did give points if outcomes were well defined, even if the difference

between primary and secondary outcomes was not clear). In 5 trials authors explained the

choice of primary outcome (16%) and in 3 trials authors applied methods in an effort to

improve the quality of the outcome measures (10%), including repeated measurements and

straining staff for data collection (Figure 3). The median quality of outcome reporting score
was 4 (IQR 2-4).

Figure 3 Quality of outcome reporting in HG trials

Primary outcome(s) cleary stated? 11

Description of the primary outcome(s) provided? 8

Secondary outcome(s) cleary stated? 14

Description of the secondary outcome(s) provided? 11

Choice of outcome(s) explained? 26

Methods to improve outcome measuresment described? 28

0%  10% 20% 30% 40% 50% 60% 70% 80%  90%
M Yes No

100%
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Discussion

Main findings

In this review we found that none of the identified trials used exactly the same set of items
to define HG. Furthermore, of the identified 34 distinct outcomes, only two outcomes
(vomiting and nausea) were reported frequently. The other outcomes were reported in less
than half of the trials. This review demonstrates that there is substantial heterogeneity in
HG definition and outcome reporting in randomised clinical trials of potential treatments for
HG. Furthermore, there is substantial variation in the quality of outcome reporting among
HG trials.

Strengths and limitations

We performed a robust search strategy including published and ongoing trials worldwide.
Therefore this review included a representative sample of trials (being) performed on
HG throughout the world. Our study has also some limitations. First, we did not include
other study types like observational studies and case reports in our search. This might have
provided more items used to define HG and study outcomes reported in literature. Second,
the identified definitions and outcomes in randomised clinical trials do not necessarily reflect
the outcomes that are important to patients and clinicians.' Especially outcomes collected
in older trials, designed before patient involvement in health care and clinical research
became more common, may not be relevant for women with HG and their offspring.?

Interpretation

Currently, severalfactorsare hamperingimprovementof HG research. First, trials ofteninclude
small sample sizes and therefore have limited power. Secondly, HG is a clinical diagnosis;
there are no specific biomarkers to diagnose HG and there is no consensus on a definition.
This results in a large heterogeneity in study populations, which limits generalizability of
trial results. Third, the wide variation in outcomes and outcome measures reported in
trials limits the possibilities for any meaningful data synthesis in meta-analysis. Fourth,
the substantial variation in the quality of the outcome reporting hampers transparency
of the used outcomes and outcome measures. Lastly, it is unclear whether the outcomes
currently reported are relevant for health care professionals, patients or researchers. For
example, maternal wellbeing is reported in only 35% of trials while this is arguable the most
important outcome to patients. Moreover, similar outcomes are frequently reported in a
diverse manner while the use of validated outcomes measures is recommended.
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In order to overcome these hurdles, it is important to reach consensus on both HG definition
and outcomes reported in trials. The systematic review presented here will form the basis for
an international consensus project to identify which clinical and biochemical characteristics
are relevant for HG diagnosis (www.comet-initiative.org/studies/details/805). This
information may then be used to develop an HG definition algorithm. Previous international
consensus projects have shown that it is possible to reach consensus on a clinical definition
for multifactorial diseases.??? Likewise, the work presented here will also form the starting
point for identification of outcomes most relevant to multiple stakeholders, including health
care professionals, patients and researchers, and will enable the development of a core
outcome set.

Journal editors have recognized the importance of consistent outcome reporting in trials;
over 80 journal editors have come together to support the CoRe Outcomes in Women and
Newborn health initiative (CROWN).22 The CROWN initiative encourages the development
and use of core outcome sets. In the last years, multiple outcome sets in women’s health
supported by the CROWN initiative have been published, enabling new studies to focus on
the most important, similar outcomes.?*?*

Consistent outcome reporting will ensure that meta-analysis can be performed and will allow
even small studies to contribute to HG knowledge, to ultimately result in greater benefit
for patient care. After consensus has been reached on HG definition and core outcomes,
the next step is to reach consensus on the uniform use of measurement instruments.? 7
Beyond these goals, another challenge will be to prioritize research questions in order to
further enhance evidence synthesis.

Conclusion

There is a large variation of both HG definition, outcomes, and outcome measures in
randomised clinical trials for HG. This limits the external validity of study findings and
our ability to perform meaningfull data synthesis of trial results. Therefore, international
consensus on a definition and core outcome set for use in clinical trials evaluating HG

treatments is needed.
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Table S1 Study characteristics of included studies

Number
Study Intervention group 1  Intervention group 2 Intervention group 3 of
women
Published studies 160
Abas® Ondansetron Metoclopramide 120
Adlan? Accupressure band p6 Placebo accupressure 32
band
Aleyasin® Ganisetron Promethazine 40
Bondok3! Hydrocortisone Metoclopramide 40
Carlsson® Deep p6 acupuncture Placebo superficial 50
acupuncture
Ditto* Standard care Diazepam and standard 25
care
Duggar3* Methylprednisolone Placebo 30
Fischer-Ramussen® Ginger Placebo 273
Fletcher®® Usual care Tailored care plan and 30
usual care
Gawand®’ Pharmacotherapy Pharmacotherapy and 116
progressive muscle
relaxation
Grooten3® Standard care Tube feeding and 36
standard care
Habek®® Acupuncture or Placebo acupuncture 80
acupressure p6 or acupressure
Heazell* Acupressure band p6 Placebo acupressure 83
band
Kashifard* Ondansetron Metoclopramide 12
Maina* Transdermal clonidine Placebo 38
Mamo* Sea-band acupressure Placebo 90
Mao* Acupuncture Western medicine Chinese medicine 53
McParlin® Rapid rehydration and  Inpatient care 230
midwifery telephone
support
Miller?® Nerve stimulation p6 Placebo 25
Nelson-Piercy*’ Prednisolone Placebo 88
Neri® Acupressure Metoclopramide 40
Safari® Methylprednisolone Promethazine 66
Shin>° Acupressure p6 Placebo Control 30
Sullivain®! Ondansetron Promethazine 126
Tabatab* Methylprednisolone Placebo 159
Tan® Promethazine Metoclopramide 222
Tan>* Dextrose Saline Normal Saline 94
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Tan%
Ylirkorkaka®®
Yost®’

Ziaei*®

Pyridoxine
Intramuscular ACTH
Methylprednisolone

Prednisolone

Ongoing and unpublished studies

Guttuso®

Mitchell-Jonrd®

Tan%t

Gabapentin
Inpatient treatment

Delayed feeding

Variation in HG definition and outcome reporting

Placebo
Placebo
Placebo

Promethazine

Metoclopramide
Outpatient treatment

Early feeding

32
110
80

80
120
160
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Table S2 All definition items and item measures used in trials for hyperemesis gravidarum with

references
Definition items Number (%)
Iltem measures
Domain: presence of symptoms
Vomiting 34 (100)
Occurrence of vomiting (no further specification)?8-323436:4042-46, 48-55,57,60,61 27 (79)
Vomiting 2 per day*’ 1(3)
Vomiting >3 times per day**>® 2 (6)
Persistent vomiting for one week® 1(3)
Vom?tirfg which did not decrease significantly during the first 2 days of clinical 2(6)
admission3%®
PUQE-24 score 212%° 1(3)
Nausea 30 (88)
Occurrence of nausea (no further specification)?®-323436-4042-46, 48,50-55,57,60,61 26 (76)
Persistent nausea for one week® 1(3)
Nausea so severe that women were unable to eat or drink* 1(3)
Nausea which did not decrease significantly during first 2 days of admission 1(3)
PUQE-24 score 212%° 1(3)
Retching 1(3)
PUQE-24 score 212°° 1(3)
Domain: gestational age at inclusion or beginning of symptoms 27 (79)
Gestational age at inclusion or beginning of symptoms
Gestational age at inclusion <12 weeks®"® 2 (6)
<14 weeks® 1(3)
<16 weeks?8:31:3341,49,53,54,59 8 (24)
<20 weeks30:355557.60 5(15)
first trimester**>? 2 (6)
first half of pregnancy®? 1(3)
between 5-14 weeks?>4° 2 (6)
between 6-12 weeks*?46>8 3(9)
between 5-20 weeks®® 1(3)
Onset of symptoms before 12 weeks*’ 1(3)
Onset of symptoms before 14 weeks®® 1(3)
Domain: symptom severity
Weight loss 9(26)
Weight loss(no further specification)**® 9(26)
>3kg weight loss* 1(3)
>5 pound weight loss compared to pre-pregnancy weight>! 1(3)
>5% of prepregnancy weight loss31,33485059 5(15)
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Signs of dehydration
Clinical dehydration?®37:44.48,50,53,54
Inability to tolerate oral fluid and/or food
Inability to tolerate oral fluids?%4°
inability to tolerate food**

Unable to eat or drink*’

Domain: laboratory findings
Ketonuria/ acidosis
Ketonuria (not quantified)31334147,5053,58
ketonuria 21430460
ketonuria 22+284061
ketonuria >3+2957.59
Large ketonuria®®
Ketonuria >80mg/dL or positive test to serum acetone®!
Acidosis®’
Electrolyte disturbances
Hypokaelemia (no further specification)®”
Serum potassium <3.0mEq/dI**
Serum potassium <3.4mEq/L3*%°
Serum sodium <124mEq/dI**
Serum sodium =125mmol/L*

Electrolyte imbalances (no further specification)°

Domain: need for interventions to manage symptoms
Need for hospital treatment
Hospital admission with diagnosis of HG?2829:3234-36,40, 53-56,61
Referred to ER for HG*
Necessitation of intensive care unit admission®!
Dependent on IV fluids for at least one week*’
Symptoms did not resolve after IV hydration*
Required > 2 administration of IV hydration 1 week apart®
Need for treatment at home (anti-emetics or other kinds of medication)
Receiving at least one antiemetic**#
Failed therapy with at least 1 antiemetic®
Unresponsive to standard antiemetic treatment*

No respond to outpatient treatment®”

7(21)
7(21)

2(6)
1(3)
13

19 (56)
7(21)
3(9)
3(9)
3(9)
1(3)
1(3)
1(3)
5 (15)
1(3)
1(3)
2(6)
1(3)
1(3)
1(7)

17 (50)
12 (35)
1(3)
1(3)
1(3)
1(3)
1(3)
5(15)
2(6)
1(3)
1(3)
1(3)

Abbreviations: PUQE-24; 24-hour Pregnancy -Unique Quantification of Emesis and nausea
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Table S3 All outcomes and outcome measures reported in for hyperemesis gravidarum with
references

Reported outcomes Number (%)

Outcome measures

Domain: symptoms

Vomiting 29(85)
Number of episodes?831-3537,4148,49,53-36,58,61 16(47)
PUQE-24 score?30363642455960 8(24)
Rhodes index?**° 2(6)
Frequency of vomiting (scale 0 to 4)% 1(3)
Intensity of vomiting measured on a VAS range from 0-50* 1(3)
Decrease in vomiting severity with normal appetite returned* 1(3)
Resolution of vomiting® 1(3)
Nausea 26 (76)
PUQE-24 score?®3036,3842,45,59,60 8(24)
Rhodes index?¢° 2(6)
Intensity of nausea measured on a VAS from 0-1028334147,51,53-55,58,61 10(29)
Intensity of nausea measured on a 3 point Likert scale3>4® 2(6)
Intensity of nausea measured on a 5 point Likert scale® 1(3)
Intensity of nausea measure on a VAS from 0-50% 1(3)
Decrease of nausea severity with normal appetite returned* 1(3)
Resolution of nausea® 1(3)
Ptyalism 1(3)
Presence of ptyalism* 1(3)
Retching 9 (26)
PUQE-24 score?®3036,3842,45,59,60 8(24)
Rhodes index46 1(3)
Inability to tolerate oral fluid and/or food 7 (21)
Intake of oral fluids and food3**” 2(6)
Eating and drinking scores®*¢° 2(6)
(in)ability to tolerate oral fluids* 1(3)
Improved food intake® 1(3)
Time to oral intake® 1(3)
Weight gain/loss 10 (29)
Maternal weight gain/loss3035384647.555659 8(24)
Daily weight gain®* 1(3)
Dehydration 1(3)
Disturbance in hemtocrit35 1(3)

Domain: laboratory findings
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Ketonuria/ acidosis 12 (32)
Urinary ketones (number)?2829:3542:44,46,50,53-55,60,61 12(32)
Electrolyte disturbances 1(3)
Hyponatremia (€135mmol/L)* 1(3)
Hypokalaemia (<3.5mmol/L)* 1(3)
Hypochloraemia (£99mmol/L)>* 1(3)
Hyperglycemia (28mmol/L)* 1(3)
Thyroid dysfunction 1(3)
Change in thyroid function test*” 1(3)
Liver enzymes disturbance 1(3)
Change in liver function test* 1(3)
Hormonal imbalances 1(3)
Serum cortisol*® 1(3)
Urine steroids®® 1(3)

Domain: need for interventions to manage symptoms

Need for intravenous fluid treatment 1(3)
Dependence on IV fluid after 1 week®” 1(3)
Amount and/or duration of intravenous fluid treatment 8 (24)
Duration of IV rehydration treatment required35* 3(9)
Daily amount of IV fluids required32,40 2 (6)
Need to repeat IV hydration59 1(3)
Need for (additional) medication 5(15)
Requirement of (additional) antiemetic medication34043.46:47 5(15)
Amount and/or duration of (additional) medication 5(15)
Number and doses of antiemetics required®”#? 2(6)
Total doses of IV antiemetics during admission®? 1(3)
Duration of IV antiemetics® 1(3)
Number of women still taking antiemetics 1 week after discharge®® 1(3)

Domain: maternal service utilisation

Need for hospital treatment 14 (41)
Number of readmission(s)3%333436.38,45,49,55,57,59 10 (29)
Need for hospitalization*® 1(3)
number of women requiring rehospitalization®? 1(3)
Readmission within 7 days® 1(3)
Readmission to intensive care unit3! 1(3)
Number of emergency room visits®’ 1(3)

Duration of hospital (re)admission(s) 14 (41)
Length of hospital admission?®-3033,38:40:45,47,51,53-55,57,61 14 (41)

Costs of treatment 2 (6)
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Cost-effectiveness®® 1(3)

costs of treatment® 1(3)

Domain: maternal quality of life and wellbeing

Satisfaction with treatment 3(9)
Client Satisfaction Questionnaire satisfaction3® 1(3)
Measured on a VAS from 0-10 & 1(3)
Asked whether patient was satisfied or neutral 1(3)

Treatment compliance 2 (6)
Medication tolerance3* 1(3)
Asked whether patient was compliant or non-compliant® 1(3)

Wellbeing 12 (35)
Measured on a VAS from 0-102847,53-5 4(12)
SF-36 questionnaire3384> 3(9)
EQ-5D questionnaire3®3® 2 (6)
NVPQoL questionnaire3®° 2 (6)
Daily functioning measured on a 3 point Likert scale®® 1(3)
HIS questionnaire® 1(3)
CGl score®’ 1(3)
Participants impression that she was not better® 1(3)

Mental Health 2 (6)
HADS questionnaire® 1(3)

Domain: Pregnancy complications

Spontaneous abortion 2 (6)
Miscarriage/spontaneous abortion (no further specification)*>*’ 2 (6)
Gestational diabetes 2 (6)
Gestational diabetes (no further specification)*>%” 2 (6)
Pregnancy hypertension 2 (6)
Pregnancy hypertension (no further specification)**%” 2(6)
Bleeding and thrombosis 2(6)
Bleeding and thrombosis(no further specification)* 2(6)

Domain: termination of pregnancy
Termination of pregnancy 2 (6)

Termination of pregnancy (no further specification) 442 2 (6)

Domain: birth outcomes

Mode of delivery 5(15)
Caesarean section rate3%424857.59 5(15)
Gestational age at birth 8 (24)
Gestational age at birth33:38404247.4859 7 (21)
Prematurity: <37 weeks gestation®34” 3(9)
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Prematurity: <26 weeks®’ 1(3)
Preterm birth rate (no further specification)* 1(3)
Birth weight 7 (21)
Birth weight33:38404247.48,57 7 (21)
Birthweight <5 percentile*’ 1(3)
<10™ percentile®® 1(3)
Intrauterine growth restriction®’ 1(3)
Condition at birth 1(3)
Apgar score® 1(3)
Domain: offspring outcomes
Congenital anomalies 4(12)
Ratio of congenital anomalies340425° 4(12)
Offspring mortality 3(9)
Stillbirth*4757 3(9)
Neonatal death®’ 1(3)

Abbreviations: PUQE-24; 24-hour Pregnancy-Unique Quantification of Emesis, SF-36: 36-Item Short Form Survey,
EQ-5D; EuroQol 5D, NVPQol; Nausea and Vomiting during Pregnancy unique; VAS; visual analogue scale range
Quality of Life, HIS; Hyperemesis Impact of Symptoms, CGl; Clinical Global Impression, HADS; Hospital Anxiety

and Depression Scale.
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Discussion

Hyperemesis gravidarum: a diagnostic dilemma

The work presented in this thesis focuses on different aspects of hyperemesis gravidarum
(HG) care and research. Acommon thread throughout this thesis is the lack of a standardised
definition for HG. To date, the understanding of the likely multifactorial aetiology of HG is
limited. No test is available to confirm the presence or severity of the condition. This implies
that diagnosis relies on clinical characteristics. In chapter 8 we illustrated that currently, a
wide variety of characteristics is being used to qualify a women as having HG. This variety
results in a large heterogeneity in study populations, which hampers study compatibility and
generalizability of results; a problem we have emphasised in multiple chapters of this thesis.

In order to overcome these hurdles it is important to reach consensus on the definition of
HG. The systematic review presented in chapter 8 will form the basis for the Definition and
Core Outcome for Hyperemesis Gravidarum (DCOHG) project; an international consensus
project to identify a minimum set of clinical criteria for HG diagnosis and which core
outcomes are important to measure in intervention studies (https://www.hgresearch.org/
dcohg/). The project is designed to harmonize and improve clinical research of HG and
engages multiple stakeholders including health care professionals, patients and researchers
from all over the world. To develop the consensus statement, a modified Delphi method is
used, which includes several survey rounds and a consensus meeting. A Delphi procedure
is a well-established instrument for reaching consensus between a panel of experts for
research questions that cannot be answered by empirical evidence with a high degree of
certainty.? Various international consensus projects have shown that it is possible to reach
consensus on a clinical definition for multifactorial diseases with the use of a (modified)
Delphi procedure.?* The Delphi method has several advantages: the possibility to include
a large number of participants; substantial amount of time to express ideas, reflect on
answers and make changes and the possibility to express opinions freely and anonimously.>®
Moreover, it is a great way of involving patients and caregivers, which enhances quality
and appropriateness of the results and possibly implementation.” However, the Delphi
method also has some disadvantages; participants may be influenced by questionnaire
design, there is a potential bias in participant selection and viewpoints and judgements that
are collected are subjective in nature.”® Other consensus methodologies include Nominal
Group Techniques, RAND/UCLA Appropriateness Method and a consensus development
conference. Al of these methods have their own advantages and disadvantages.®
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Lessons from other fields of medicine

HG is not the only disease that faces definition challenges. There are numerous conditions
that cannot be diagnosed with one test and, in some cases, reaching consensus on definition
has been an ongoing process spanning several decades. An example is sepsis; a syndrome
of pathologic, physiologic and biochemical abnormalities induced by infection. Although it
is one of the leading causes of mortality worldwide,’® clinicians and researchers have been
struggling with its definition for years.® In 1991, a first effort was made to achieve consensus:
a conference was held with the goal of agreeing on a set of criteria that could define a
patient with sepsis.!! Although the application of a consistent and easy to use set of criteria
resulted in declined mortality rates,*? limitations in the list of criteria were recognised and
revisions have been made.?® Recently the third international consensus on the definition for
sepsis was published.* Consensus was reached through analysis of electronic health record
databases, meetings, Delphi processes and voting. Although considerable effort was made
to reach agreement, shortly after the consensus statement was published, various parties
rejected the consensus definition due to its disadvantages.>'’ It was, for example, suggested
that a sudden change in definition could reduce early recognition of sepsis without certainty

that the new criteria would lead to improved outcomes.®®

Also, within the field of rheumatology clinicians and researchers have repeatedly faced
the challenge of defining diagnoses.™® Various consensus projects have been held to define
rheumatologic syndromes.'*>* However, the disadvantages of a standardised diagnosis have
also been a point of discussion within this specialty and recently, the American College for
Rheumatology stated that they no longer consider funding or endorsement of diagnostic
criteria but that they recommended the use of classification criteria.’® In the same paper,
they give a thorough explanation of the differences between diagnostic and classification
criteria. Diagnostic criteria are a set of signs and symptoms for use in clinical practice. They
are usually broad and reflect different features of the disease with a goal of identifying as
many individuals with the disease as possible. Classification criteria, on the other hand, are
standardised definitions that are designed to create a well-defined, homogeneous cohort
of patients for research. They do not need to identify all possible patients with the disease
but rather identify the majority of patients with similar clinical disease features. Therefore,
the purpose of diagnostic criteria is to have a high positive predictive value of a specific
diagnosis, whereas the purpose of classification criteria is to create a clearly defined group
of patients with a similar condition.*®2?
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The medical specialty that makes the most use of diagnostic criteria is undoubtedly
psychiatry, with the Diagnostic and Statistical Manual of Mental Disorders (DSM) being
probably the best-known set of diagnostic criteria worldwide. Within psychiatry, there has
been a great deal of discussion about the pros and cons of diagnostic criteria, especially
from the patient perspective.?>* Often mentioned disadvantages are that diagnostic criteria
enhance diagnostic labelling, which might lead to stereotyping and can create stigma.
Moreover, there is a risk that patients who are in need for help but cannot be categorised
will not get the treatment they need.?®*?” On the other hand, a diagnostic label itself can
provide the patient with meaning and acknowledgement for the symptoms; which may
generate comfort, emotional relief, acceptance and credibility.?® Diagnosis can lead the way

to treatment and to patient organizations and may protect from the feeling of guilt.?”

Within HG research, there are many things we can learn from the debates and discussion
about diagnosing, classifying and labelling in other fields of medicine. We cannot ignore the
factthat HG research has been hampered by the large heterogeneity in research populations,
limiting the interpretation and comparability of study results.?? One of the main goals in HG
research therefore remains to ensure that a more clearly defined population of HG patients
will enter future clinical trials. Whether a set of diagnostic criteria for use in clinical practice
is beneficial for HG patients is unknown. Qualitative research has suggested that health
care professional sometimes hold ambivalent attitudes toward women with HG, perceiving
them as problematic patients.® Similar literature showed that an ambivalent attitude of
practitioners may adversely affect access of HG patients to timely and appropriate care.303!
A diagnostic label might help HG patients and their care providers accept that they are sick
and that ‘just getting over the morning sickness’ is unlikely to be an effective therapeutic
strategy.3? However, similar disadvantages with the risk of women in need of treatment, but
not meeting diagnostic criteria and therefore not receiving treatment are possible and of an

unknown magnitude.

Value of diagnosing in current medicine

While the discussion about the use of diagnostic criteria and labelling it not over, there
have been suggestions that not disease diagnosis, but patient prognosis should be the
starting point in clinical practice.?® This idea mainly comes from fields of medicine where
technological development has resulted in the introduction of new, more accurate diagnostic
tests.®* Even diseases that always seemed to have an objective pathological definition, such
as thyroid cancer, have had a substantial ‘diagnostic drift’ over the recent years, caused by
the increase of the specificity of (new) tests. This results in more and more patient with a

diagnosis of a disease.
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A diagnosis classifies a patient as having or not having a specific disease and is generally the
guide in treatment and management decisions.>> A diagnostic label is therefore particularly
useful if it is given to patients that will benefit from a specific clinical intervention. This
however, requires information about prognosis; the likely course of the given disease in
that particular patient. Patient prognosis is not only dependent of the disease diagnosis
and the given treatment but is also influenced by biological and social factors.3 Focusing
on improving prognosis, regardless of the diagnosis may provide a more effective approach
to improving health outcomes. Shared understanding between patients and health care
providers of which outcomes are needed or wanted is an important and indispensable part
of this framework.3

Predicting prognosis of hyperemesis gravidarum

The concept that prognosis can replace diagnosis in the framework for clinical practice
would, theoretically, be a very good option in HG care. HG may have detrimental effects on
maternal and offspring health and is accompanied with high health care costs.® It is likely
that different parties involved may hope for different outcomes of treatment.*® It might be
that a ‘good outcome’ for a patient is being able to take care of her children after treatment,
whereas a doctor might want to reduce weight loss or the chance of readmission. Focusing
on what outcomes should be achieved rather than choosing which symptoms should be
treated may be beneficial for both HG patient and their doctors.

However, to apply such a framework in clinical practice, clinicians should be able to make an
estimation of the prognosis of their individual patient. A well established and increasingly
common way of predicting an outcome, is by using an outcome prediction model. An ideal
outcome prediction model incorporates all known features that are independently predictive
for the outcome of the disease in question.?” This requires background knowledge about the
course of the disease and risk factors of poor outcomes. Unfortunately, this knowledge is
very limited in the field of HG. High quality research assessing indicators that predict poor
maternal and neonatal outcomes is currently lacking.?®3® Moreover, it is unknown whether
outcomes currently measured in HG research are most relevant for women with HG and
their offspring.®® Herein lies an important future goal of HG research, although this might
be easier said than done. To study prognosis, ideally an entire population with a particular
disease is studied, starting at the onset of the disease and throughout the entire course.
Obviously it is impossible to study an entire population and therefore, a representative
sample of patients must be studied.*® However, as emphasised earlier in this discussion,
defining what a representative sample of HG patients is, is already a challenge on its own.
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Implications for hyperemesis gravidarum research and care

We have illustrated that HG care and research can be very challenging for all parties
involved. Clinicians and patients may feel powerless by the lack of good treatment options
while researchers face the challenge of a very heterogeneous study population. This may be
enhanced by the fact that, in the field of HG, there is not always a clear ‘starting point’ from
where to go; we do not know the underlying cause of the disease nor can we predict its
course. This is not something we should just accept, but, in order to create more guidance
in HG care and research, should be explored. A good step is currently being taken with the
DCOHG project, a modified Delphi survey designed to identify a minimum set of clinical
criteria for HG diagnosis, as explained earlier. After the last Delphi round, classification
criteria for HG research can be established. The use of classification criteria will enhance
homogeneity of the research population, which will significantly improve HG research. We
have illustrated that classification criteria may also have shortcomings and that it can be
necessary to update them over time. It is therefore important to evaluate the performance
of the classification criteria. The DCOHG project is designed to harmonize and improve
HG research and is not designed to develop a set of diagnostic criteria for use in clinical
practice. It is however possible that the consensus definition of HG for research purposes
will be extrapolated to clinical practice via, for example, guidelines. We have illustrated
that diagnostic and classification criteria serve different purposes and that they cannot be
used interchangeably. Therefore, caution should be taken with the use of the formulated
criteria in clinical practice and treatment should not depend upon whether a patient ‘fits’

the consensus definition.

We have also illustrated that it may not always be necessary to have a well-defined diagnosis
to deliver good patient care. Prognosis could serve as a good starting point in clinical practice
as well. Especially in a condition as HG, that lacks diagnostic tests, such a framework can be
of great benefit. In order to implement such a framework in HG care, studies on prognosis
are very much needed. Ideally, large prospective studies would be set-up which aim to
identify risk factors for specific, predefined adverse outcomes. The classification criteria
formulated by the DCOHG project will be of great value in this studies, as it will help to select
a well-defined, representative sample of HG patients. Moreover, the DCOHG project will
also evaluate which outcomes are important to measure in studies on HG. The outcomes
the different stakeholders will select during the Delphi processes can serve as a guidance in
which outcomes should be measured in prognostic studies. After risk factors for (adverse)
outcomes have been identified, they should be taken into consideration when choosing
treatment options. Researchers, on their term, can use the identified risk factor to design

more targeted trials.
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Conclusion

To date, the etiology of HG is largely unknown and there is no single marker that can
diagnose or predict disease severity. We have however, illustrated that HG is not the only
condition which faces this challenge and that there are numerous diseases from which
we can learn how to handle the lack of a well-defined diagnosis. We have given several
examples of frameworks for research and clinical care that bypass the use of the traditional
disease diagnosis, among which the use of classification criteria in research. Currently, a
very important step in HG research is being taken by reaching consensus on HG classification
criteria with the DCOHG project. We have suggested that a next important step in HG
research is to set-up studies focusing on patient prognosis, as prognosis can serve as an
important starting point in clinical care. By carrying out these steps and implementing them
in HG research and care, we can create more guidance for researchers and caregivers and
thereby, improve HG patientcare. It is however important to keep evaluating the frameworks
being used in research and clinical practice, as the process of defining, diagnosing and
predicting the course of disease will always be dynamic, depending on acquired knowledge
and technological developments.
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Summary

In chapter 1, the introduction of this thesis, we have given a historical perspective about
hyperemesis gravidarum (HG) and we shortly summarised the current state of affairs
concerning knowledge, research and treatment options for HG. We illustrated that the
aetiology of HG is poorly understood and that there is a lack of markers that can diagnose
or predict HG disease severity. We also showed that there is a lack of robust high quality
evidence for the efficacy of the treatment and management of HG. Lastly, we discussed the
possible detrimental effects HG can have on maternal wellbeing and offspring health. In this

thesis, we addressed these problems in several research projects:

Part | studies potential biomarkers and determinants of HG disease severity. |dentifying
biomarkers or determinants that can predict which women will suffer from severe or
prolonged HG would guide clinicians in making individual treatment plans for their patient.
Moreover, it would enable researcher to perform more targeted trials for patients with
a poor prognosis. In chapter 2 we explore the association between ketonuria and HG
disease severity. The determination of ketonuria is often advised in current guidelines. In
a prospective cohort study with 181 participants we found no association between the
degree of ketonuria and HG disease severity in terms of severity of nausea and vomiting,
maternal quality of life and weight loss. Despite this, we found that women with a higher
degree of ketonuria were hospitalised significantly longer. This could indicate that health
care professionals rely on the degree of ketonuria, rather than on symptoms, in clinical
management. The findings of this paper suggest that ketonuria should not be used in
clinical management of HG. In chapter 3 we assess the association between different patient
characteristics and clinical features and HG disease course and severity in a prospective
cohort study with 191 patients. We found that, women who were admitted to hospital with
more severe symptoms of HG, were likely to maintain more severe symptoms one week
after admission. The Pregnancy Unique Quantification of Emesis (PUQE-24) and the Nausea
and Vomiting in Pregnancy specific Quality of Life questionnaire (NVPQol) questionnaires
can be used to identify women these women. We found no association between patient
characteristics, such as ethnicity, education level, history of HG and gravidity, and symptom
severity, duration of hospital admission and readmission rate. We therefore concluded that
patient characteristics cannot be used as determinants of HG disease course and severity.

Part Il addresses treatment options for HG. In chapter 4 we give an overview of the current
knowledge and treatment options available for Dutch health care professionals. We
illustrate that, although evidence is limited, there are several effective anti-emetics that

can be given including pyridoxine-meclozine, metocloperamide and ondansetron. We also
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explain that intravenous therapy preferably should be given with normal saline and that
it can be given in daycare setting or in inpatient setting. Furthermore, we explain how the
Dutch patient association for pregnancy sickness and HG and can contribute in patientcare.
In chapter 5 we present the results of the Maternal and Offspring outcome after Treatment
of HyperEmesis by Refeeding (MOTHER) trial. We performed a multicentre open-label
randomised controlled trial in 19 hospital in the Netherlands. Women hospitalised for HG
between 5 and 20 weeks gestation were randomly allocated to enteral tube feeding for
at least 7 days in addition to standard care or standard care alone. Standard care existed
of intravenous rehydration therapy and antiemetic treatment, according to local protocol
of the participating centre. The primary outcome was birth weight. Secondary maternal
outcomes were weight gain, severity of nausea and vomiting, quality of life, psychological
distress, duration of hospital stay and readmission rate. Secondary neonatal outcomes
where prematurity and small for gestational age. Both the primary outcome and secondary
outcomes did not differ between the intervention and control group. Unfortunately, a large
amount of women (47%) discontinued tube feeding for less than 7 days because of side
effects and discomfort. We therefore concluded that early enteral tube feeding in women
with HG does not improve maternal or neonatal outcomes and that it is poorly tolerated as
a standard treatment for HG.

Part lll explores whether HG is associated with long-term health effects on the offspring,
as there is increasing evidence suggesting that a suboptimal intrauterine environment
negatively affects foetal development. In chapter 6 we study the association between
prenatal exposure to HG and markers of cardiometabolic health of adolescents at 16 years
of age. We used data of mothers (n=8953) and adolescents (n=6462) who participate in the
Northern Finland Birth Cohort 1986. None of the cardiometabolic health marker, including
body mass index (BMI), blood pressure, fasting glucose, and lipid levels were different for
offspring to mothers with an without hospital admission for HG. In chapter 7 we study the
association between prenatal exposure to HG and psycho-behavioural development of the
offspring in the same Finish birth cohort. Psycho-behavioural development was assessed
in offspring at 8 and 16 years using multiple questionnaires. We found no differences in
outcomes measures between offspring born to mothers with an without hospital admission
for HG. In conclusion, we found no evidence that prenatal exposure to HG has negative
consequences for neither cardiometabolic health nor psycho-behavioural development
of the offspring. However, studies with more participants are needed to conform these

findings.
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Part IV considers the lack of an international consensus for HG definition. In chapter 8 we
show the results of a systematic review which was performed to exemplify the variation
in HG definition and outcomes reported in intervention studies for HG. We included 31
trials reporting data from 2511 HG patients. We identified 11 different items used to define
HG. None of the included trials used an identical set of items for their definition of HG.
Furthermore, we identified 34 different outcomes reported in HG trials. The substantial
variation of HG definition and outcome reporting in trials limits generalizability of results
and hampers study compatibility.

In chapter 9, the general discussion of this thesis, we elaborate on the lack of a consensus on
the definition of HG. We illustrate that HG is not the only condition which faces ‘definition’
challenges and we explain how, in HG care and research, we can learn from other fields
of medicine that have debated about the advantages and disadvantages of diagnostic and
classification criteria. Furthermore, we illustrate that it may not always be necessary to
have a well-defined diagnosis to deliver good patient care. Prognosis could serve as a good

starting point in clinical practice as well.
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In één van de oudste medische teksten ter wereld, de Egyptische Kahun Papyrus uit 2000
voor Christus, werd braken al als een symptoom van zwangerschap beschreven. Dat het
grootste deel van de zwangere vrouwen in enige mate last heeft van misselijkheid of
braken in de vroege zwangerschap, wordt dan ook gezien als normaal, passend bij een
gezonde zwangerschap. Vaak zijn klachten ook mild en gaan na verloop van tijd vanzelf
weer over. Maar bij een klein deel van de vrouwen (0.2-3.6%) zijn de klachten zo ernstig
dat men spreekt van hyperemesis gravidarum (HG). HG onderscheidt zich van ‘normale’
zwangerschapsmisselijkheid, enerzijds omdat de klachten veel ernstiger zijn en langer
aanhouden, anderzijds omdat het gepaard kan gaan met langdurig tekort aan intake
van vocht en voeding, gewichtsverlies en uitdroging. Vaak is dan een ziekenhuisopname
nodig. Naast lichamelijke complicaties kan HG een grote impact hebben op het dagelijks
functioneren en de kwaliteit van leven van de aanstaande moeder. Ook zijn er aanwijzingen
dat HG nadelige effecten heeft op de gezondheid van het ongeboren kind. HG kan dus vele
nadelige effecten hebben voor moeder en kind, maar toch is de oorzaak van deze ziekte niet
bekend. Daarom is er ook geen test beschikbaar die de diagnose kan stellen of de ernst van
de ziekte kan kwantificeren. Bovendien is er nog maar weinig onderzoek gedaan naar de
beste behandelopties voor HG en weten dokters daarom vaak niet welke behandeling het
beste is voor hun patiént. In dit proefschrift onderzoeken we een aantal van deze aspecten,
met als uiteindelijke doel om de zorg voor HG patiénten te verbeteren.

In deel | kijken wij of er bepaalde biomarkers of determinanten zijn die de ernst van HG
kunnen kwantificeren of een ernstig beloop kunnen voorspellen. Als we kunnen voorspellen
welke vrouwen een grotere kans hebben op een ernstige of langdurige vorm van HG, zal dat
dokters helpen om een beter individueel behandelplan op te stellen voor hun patiénten.
Daarnaast zouden onderzoekers specifiek kunnen kijken naar behandelopties voor deze
hoog risicogroep. In hoofdstuk 2 onderzoeken wij of de mate van ketonurie (aanwezigheid
van ketonen in de urine) is geassocieerd met de ernst van HG. Ketonen worden gevormd
wanneer het lichaam zijn eigen vet gaat verbranden door een voedseltekort. Op dit moment
wordt in verschillende HG richtlijnen en protocollen geadviseerd het aantal ketonen in de
urine te meten en daar de behandeling op aan te passen. Wij vonden geen verband tussen de
mate van ketonurie en de ernst van HG, gedefinieerd als de ernst van misselijkheid en braken,
de kwaliteit van leven van de moeder en de hoeveelheid gewichtsverlies. Opvallend genoeg
vonden wij wel dat vrouwen met meer ketonen in de urine gemiddeld langer opgenomen
waren in het ziekenhuis. Dit zou erop kunnen wijzen dat dokters en andere zorgverleners
de duur van de ziekenhuisopname laten afhangen van de mate van ketonurie. Op basis

van deze resultaten raden wij het meten van ketonen in de urine bij vrouwen met HG af. In

179



Appendices

hoofdstuk 3 kijken wij of er een verband is tussen enerzijds bepaalde patiéntkarakteristieken
en symptomen bij ziekenhuisopname en anderzijds de ernst en het beloop van HG. Wij
vonden in dit onderzoek dat vrouwen die tijdens hun eerste ziekenhuisopname voor HG
ernstige klachten hadden, één week na opname nog steeds zieker waren dan vrouwen
met mildere klachten. In dit onderzoek toonden wij aan dat deze vrouwen geidentificeerd
kunnen worden met de Pregnancy Unique Quantification of Emesis (PUQE-24) en de Nausea

and Vomiting in Pregnancy specific Quality of Life (NVPQoL) vragenlijsten.

In deel Il bespreken wij verschillende behandelopties van HG. Hoofdstuk 4 is speciaal voor
Nederlandse zorgverleners geschreven en geeft een overzicht van de huidige stand van
zaken over onderzoek, kennis en behandelopties van HG. We leggen in dit hoofdstuk uit dat
er, ondanks het weinige onderzoek dat er op dit gebied is verricht, zeker behandelopties
voor HG zijn. Zo kunnen er bepaalde medicijnen tegen de misselijkheid (anti-emetica)
worden gegeven, waaronder meclonze/pyridone, metocloperamide en ondansetron.
We leggen ook uit dat vochttekort aangevuld moet worden met vocht via een infuus en
dat dit kan gebeuren tijdens een dagbehandeling of een opname. Tot slot vertellen we
over de patiéntenvereniging, stichting Zwangerschapsmisselijkheid en Hyperemesis
Gravidarum (ZEHG), die patiénten met HG steun kan bieden. In hoofdstuk 5 presenteren
wij de resultaten van de Maternal and Offspring outcome after Treatment of HyperEmesis
by Refeeding (MOTHER) trial. De MOTHER trial is een gerandomiseerd onderzoek naar de
effectiviteit van het vroeg starten van sondevoeding in de behandeling van HG. Het doel
was om te onderzoeken of sondevoeding zou zorgen voor betere uitkomsten van moeder
(o.a. gewichtstoename, ernst van misselijkheid en braken en aantal heropnames) en kind
(o.a. geboortegewicht en vroeggeboorte). Aan het onderzoek deden 116 vrouwen uit 19
verschillende ziekenhuizen in Nederland mee. De vrouwen werden gerandomiseerd (geloot)
tussen behandeling met sondevoeding voor tenminste 7 dagen naast de standaardzorg,
of standaardzorg alleen. De standaardzorg bestond uit vochttoediening via een infuus,
medicijnen tegen de misselijkheid en soms advies van een diétiste. De uitkomsten van de
studie lieten zien dat het vroeg starten van sondevoeding geen voordelig effect had op
de gezondheid van moeder en kind. Bovendien stopten veel vrouwen voortijdig met de
behandeling vanwege klachten gerelateerd aan de sondevoeding. Daarom concludeerden
wij dat het vroeg starten van sondevoeding in de behandeling van HG niet is geadviseerd.

Uit eerder onderzoek weten we dat ondervoeding en stress van de moeder tijdens de
zwangerschap blijvende negatieve effecten kan hebben op de gezondheid van het kind.
Daarom onderzoeken wij in deel Ill of HG lange-termijn gevolgen heeft voor de ontwikkeling
en gezondheid van het kind. In hoofdstuk 6 hebben we cardiometabole risicofactoren (o.a.
BMI, bloeddruk, glucose en cholesterol) van 16-jarige kinderen wier moeder HG hadden

180



Nederlandse samenvatting

vergeleken met cardiometabole risicofactoren van kinderen wier moeder geen HG hadden.
Hiervoor hebben wij de gegevens gebruikt van een groot Fins geboortecohort (Northern
Finland Birth Cohort 1986). Wij vonden geen verschil tussen cardiometabole risicofactoren
van kinderen van moeders met en zonder HG. In hoofdstuk 7 onderzoeken wij in hetzelfde
Finse geboortecohort of HG effect heeft op cognitieve en gedragsuitkomsten op 8 en 16
jarige leeftijd van het kind. Ook hier vonden wij geen verschil in uitkomsten tussen kinderen
van moeders met en zonder HG. Op grond van beide onderzoeken konden wij concluderen
dat het onwaarschijnlijk is dat HG grote effecten heeft op de ontwikkeling van het kind.
Kanttekening is dat beide onderzoeken weinig deelneemsters hadden. Daarom zou een
groter onderzoek deze resultaten nog moeten bevestigen voordat we dit met zekerheid

kunnen zeggen.

In deel IV bespreken we het gebrek aan een internationale consensus over de definitie van
HG en relevante onderzoeksuitkomsten. In hoofdstuk 8 laten wij in een systematische review
zien dat er in de huidige literatuur een grote variatie is in HG definitie en gerapporteerde
uitkomsten in onderzoeken naar de behandeling van HG. In interventiestudies naar HG
werden alleen al 11 verschillende criteria gebruikt om HG te definiéren en werden er
34 verschillende uitkomsten gerapporteerd. Deze grote variatie aan HG definities en
uitkomsten heeft als gevolg dat elk onderzoek nét een beetje anders is: de deelneemsters
zijn verschillend en de uitkomsten zijn niet op dezelfde manier gemeten. Dit maakt het
lastig om studies met elkaar te vergelijken en zo met zekerheid te zeggen wat de beste
behandeling is.

In hoofdstuk 9, de discussie van dit proefschrift, gaan we dieper in op het gebrek aan een
consensus voor de definitie van HG. We laten zien dat HG niet de enige aandoening is met
dit probleem. Er zijn veel meer ziektes waarbij geen test beschikbaar is om de ziekte aan te
tonen of uit te sluiten en de diagnose dus gesteld moet worden op basis van (een combinatie
van) symptomen. We geven een aantal voorbeelden van hoe, binnen andere vakgebieden,
hiermee om wordt gegaan. Binnen HG onderzoek en zorg zouden we daarvan kunnen leren.
Verder leggen we uit dat het niet altijd nodig is om een behandeling te starten aan de
hand van een bepaalde diagnose. Het kan effectiever zijn om te focussen op de prognose
(de kans op een bepaalde uitkomst bij een bepaalde ziekte) en aan de hand hiervan een
bepaalde behandeling wel of niet te geven. Dit laatste kan mogelijk in de behandeling van
HG voordelig zijn voor de patiénten.
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Hyperemaesis gravidarum: stand van zaken

Original Dutch manuscript of chapter 4

Samenvatting
Hyperemesis gravidarum (HG) is anders dan normale ‘zwangerschapsmisselijkheid’: deze
ernstige vorm van misselijkheid en braken in de zwangerschap leidt tot gewichtsverlies,

dehydratie en/of elektrolytstoornissen.

De diagnose wordt gesteld op basis van het klinisch beeld, een test om de diagnose te stellen
of de ernst in te schatten is niet voorhanden.

HG heeft een grote impact op de maternale kwaliteit van leven en is geassocieerd met

negatieve geboorte uitkomsten.

Er zijn verschillende soorten anti-emetica beschikbaar die veilig gebruikt kunnen worden in
de zwangerschap.

Bij (dreigende) dehydratie kan intraveneuze rehydratie nodig zijn. Rehydratie in

dagbehandeling is even effectief als klinische opname.
Bijna 20% van de vrouwen met HG ontwikkelt een posttraumatisch stressstoornis. Indien een

volgende zwangerschap gewenst is kan een preconceptie consult waarbij een individueel

behandelplan wordt opgesteld van toegevoegde waarde zijn.

183



Appendices

Inleiding

U bent huisarts. Een 28 jarige vrouw komt naar uw spreekuur, zij is 8 weken zwanger van
haar eerste kind. Zij vertelt u dat zij al twee weken dagelijks braakt en de hele dag door
misselijk is. Zij heeft het gevoel nauwelijks eten binnen te kunnen houden. Daarnaast voelt
zij zich futloos en moe, zij zit al tien dagen thuis van werk. U luistert en u vraagt zich af:
heeft deze vrouw last van misselijkheid en braken passend bij de normale zwangerschap,
of is hier meer aan de hand?

Het grootste deel van de zwangere vrouwen (50-80%) heeft in de eerste helft van de
zwangerschap in enige mate last van misselijkheid en braken.! Veel vrouwen kunnen
goed zelf met de klachten omgaan. In een klein deel van de gevallen consulteert een
vrouw haar verloskundige, huisarts of gynaecoloog vanwege ernstige of aanhoudende
klachten.? Uiteraard dienen andere mogelijke verklaringen voor misselijkheid en braken
te worden overwogen. Hyperemesis gravidarum (HG) onderscheidt zich van ‘normale’
zwangerschapsmisselijkheid enerzijds door de ernst van de klachten, anderzijds doordat
het gepaard gaat met langdurig insufficiénte orale intake, gewichtsverlies, dehydratie en
elektrolytstoornissen (met name hyponatriemie en hypokaliemie).2 HG komt in 0.2 tot 2%
van de zwangerschappen voor en is de meest voorkomende reden van ziekenhuisopname
in de eerste helft van de zwangerschap, met substantiéle zorgkosten als gevolg.! HG kan
nadelige effecten hebben op de gezondheid van de moeder. Een zeldzame, maar ernstige
complicatie is Wernicke encefalopathie, veroorzaakt door vitamine B1 deficiéntie.? Naast
fysieke complicaties kan HG een grote impact op het dagelijks functioneren hebben en
wordt de kwaliteit van leven vaak negatief beinvlioedt.? De gevolgen kunnen zo groot zijn

dat gewenste zwangerschappen worden afgebroken.*

Ineen meta-analyse uit 2011 werd geconcludeerd dat HG geassocieerd is met een groter risico
op een laag geboortegewicht (<2500 gram) (OR 1.42; 95% Bl 1.27-1.58) en vroeggeboorte
(<37 weken) (OR 1.32; 95%BI 1.04-1.68)°, in recentere studies werden hier tegenstrijdige
resultaten over gerapporteerd.®’” Met name vrouwen met HG die onvoldoende aankomen
in de zwangerschap (<7kg) of bij wie klachten aanhouden tot en met het tweede trimester
lijken een grotere kans op negatieve geboorte uitkomsten te hebben.?®

Tot op heden is de etiologie van HG onbekend en lijkt het erop dat de aandoening een
multifactoriéle oorzaak heeft. Veel genoemde bijdragende factoren zijn abnormale
placentaire groei en functie, endocriene oorzaken en Helicobactor pylori infectie.’*® De
afgelopen jaren zijn er echter nieuwe inzichten gekomen waardoor nu wordt gedacht aan
een genetische component. Eerder was al gebleken dat de ernst en duur van misselijkheid

en braken in de zwangerschap sterk erfelijk was bepaald.!! Vrouwen met een moeder die
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HG had, hebben zelf een drie keer zo grote kans om de aandoening te ontwikkelen.!? Recent
werd in een genoomwijde associatie studie een verband gevonden tussen een genetische
variant van het Growth and Differentiation Factor 15 protein (GDF15) en het insulin like
growth factor-binding protein 7 (IGFBP7) gen en HG.*® In een andere studie werd bevestigd
dat vrouwen met ernstige klachten van misselijkheid en braken in de zwangerschap een
verhoogd serum GDF15 hadden.* GDF15 is een hormoon dat effect heeft op de eetlust
en wordt sterk tot expressie gebracht in trofoblast cellen van de placenta. GDF15 is eerder
geidentificeerd als een belangrijke factor bij het ontstaan van kankercachexie, dat zich
kenmerkt door misselijkheid, gewichtsverlies en spierverval.’> Toekomstig onderzoek is

nodig om de causaliteit tussen GDF15 en HG te bevestigen.

Diagnostiek

HG is een diagnose die gesteld wordt op basis van het klinisch beeld. Een test om de
diagnose te stellen of de ernst van de aandoening te kwantificeren is daarbij op dit moment
niet voorhanden.® Ook is er geen internationale consensus over de definitie van HG.
Hierdoor is het onderscheid tussen een fysiologische vorm van misselijkheid en braken in
de zwangerschap en HG niet makkelijk te maken. Veel gebruikte criteria voor de diagnose
zijn misselijkheid en braken vanaf vroeg in de zwangerschap, gewichtsverlies, dehydratie
en elektrolytstoornissen.'® In tegenstelling tot wat vaak gedacht wordt bestaat er geen
associatie tussen ketonurie en de ernst van HG. Bovendien is ketonurie geen graadmeter
voor dehydratie. Het meten van ketonen in de urine heeft daarom ook geen toegevoegde
waarde bij de diagnostische work-up van HG.1° Door het gebrek aan specifieke biomarkers
die de aanwezigheid van HG kunnen aantonen of uitsluiten blijft het een aandoening
‘per exclusionum’, die gesteld wordt als andere oorzaken van braken en misselijkheid zijn
uitgesloten. Differentiaal diagnostisch moet hierbij gedacht worden aan gastro-intestinale
infectie of obstructie, urineweginfectie, medicatie-geinduceerde misselijkheid en braken,
neurologische aandoeningen of een eetstoornis. Uiteindelijk is het aan de behandeld arts
of verloskundige om op basis van het klinisch beeld een inschatting te maken of er sprake is

van HG en of behandeling of eventuele doorverwijzing noodzakelijk is.

U heeft bij anamnese en lichamelijk onderzoek geen aanwijzingen gevonden voor andere
oorzaken van misselijkheid en braken bij uw patiénte. U vindt haar klinisch niet uitgedroogd.
Zij gebruikt op dit moment nog geen medicatie. U besluit dat u doorverwijzing naar het
ziekenhuis op dit moment niet nodig vindt maar schrijft haar wel anti-emetica voor.

185



Appendices

Behandeling

Voedingspreparaten en medicamenteuze behandeling

In de NHG-Standaard ‘Zwangerschap en kraamperiode’ wordt gember aangegeven als
eerste behandeloptie bij matig ernstige klachten van emesis gravidarum.” De auteurs
van de Cochrane review over interventies voor misselijkheid en braken in de vroege
zwangerschap concludeerden dat gember waarschijnlijk een gunstig effect heeft op
misselijkheid en braken tijdens de zwangerschap, maar dat het bewijs beperkt is en niet
eenduidig. Er werden ook geen nadelige effecten gevonden.®® Er is in Nederland slechts
één officieel geregistreerd geneesmiddel voor de behandeling van misselijkheid en braken
tijdens de zwangerschap, namelijk een combinatiepreparaat van meclozine en pyridoxine
(vitamine B6) (Emesafene).? Naar het effect van meclozine op misselijkheid en braken in de
zwangerschap is één gerandomiseerd onderzoek gedaan wat een significante verbetering
van de klachten liet zien in vergelijking met placebo. Uit twee gerandomiseerde studies bleek
dat pyridoxine, in vergelijking met placebo, verlichting geeft van klachten van misselijkheid
maar niet van braken.'® In Canada wordt een combinatiepreparaat van doxylamine (net als
meclozine eveneens een eerste generatie antihistaminicum) en pyridoxine geadviseerd,
in Nederland niet verkrijgbaar. Uit drie kleine gerandomiseerde onderzoeken bleek
dit combinatiepreparaat een significante verlichting van symptomen gaf ten opzichte
van een placebo. In deze onderzoeken, maar ook in verscheidene cohortstudies en
meta-analyses werd geen verband gevonden tussen het gebruik van doxylamine en
pyridoxine en congenitale afwijkingen.?® Het teratologie informatie centrum (onderdeel
van Lareb) geeft aan dat bij de mens geen aanwijzingen zijn gevonden dat het gebruik van
antihistaminica tijdens de zwangerschap het risico op aangeboren afwijkingen verhoogt
en geeft de voorkeur aan het gebruik van meclozine, wegens ruime ervaring met het
gebruik hiervan.'® Metocloperamide is vaak de volgende stap in de behandeling van
zwangerschapsbraken bij onvoldoende respons op meclozine.?* Uit twee gerandomiseerde
onderzoeken bleek metocloperamide een gunstig effect op misselijkheid en braken te
hebben. In éénvan deze onderzoeken werd metocloperamide vergeleken met een placebo, in
het andere onderzoek werd een combinatie van metocloperamide en pyridoxine vergeleken
prochloorperazine en promethazine. Er zijn geen aanwijzingen voor een verhoogd risico
op congenitale afwijkingen.'® Bijwerkingen van metocloperamide voor moeder zijn niet
anders dan bij gebruik buiten de zwangerschap waarbij met name gelet moet worden
op extrapiramidale stoornissen.®1%22 Bjj onvoldoende effect wordt ondansetron, meestal
in tweedelijnssetting, voorgeschreven. Ondansetron is geregistreerd voor misselijkheid
en braken na chemotherapie, radiotherapie en operaties. Uit onderzoeken naar de
veiligheid van ondansetron gebruik in de zwangerschap komen wisselende resultaten. Eén

case-control onderzoek laat een licht verhoogd risico op schisis zien en in een ander
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retrospectief onderzoek werd een licht verhoogd risico op hartafwijkingen gevonden.
In een groot retrospectief onderzoek uit Denemarken werd echter geen verhoogd risico
op congenitale afwijkingen gevonden.?? Het teratologie informatie centrum raadt aan
ondansetron alleen te gebruiken tijdens de zwangerschap als andere behandelingen
onvoldoende werkzaam zijn.*® De Royal College of Obstetricians and Gynaecologists (RCOG)
acht ondansetron gebruik, bij voorkeur na het 1% trimester, veilig en heeft het gebruik
opgenomen in hun richtlijn uit 2016.2! Een veel voorkomende bijwerking van ondansetron is
obstipatie, dus preventieve laxantia dient te worden besproken. Als laatste redmiddel wordt,
in tweede of derdelijns setting, soms gekozen voor corticosteroiden. Studies naar het effect
van corticosteroiden op HG laten echter geen eenduidig resultaat zien en meer onderzoek is
nodig om veiligheid van het gebruik in de zwangerschap vast te stellen.?! Naast anti-emetica
is een proefbehandeling met histamine H2-receptor antagonisten of protonpompremmers
een optie, gezien 80% van de vrouwen met ernstig zwangerschapsbraken last heeft van

gastro-oesofagale reflux.?

Vijf dagen na het eerste contact ziet u uw patiénte weer terug op uw spreekuur. Het
meclozine/pyridoxine preparaat had weinig effect op de klachten. Van de dienstdoend
huisarts in het weekend kreeg zij nog metocloperamide voorgeschreven. Ondanks
de combinatie van deze twee middelen vertelt uw patiént dat zij nog steeds dagelijks
tenminste vijfmaal braakt en nu ook moeite heeft vocht binnen te krijgen. U besluit haar
door te sturen naar een gynaecoloog.

Rehydratie en sondevoeding

In de meeste ziekenhuizen is een lokaal protocol aanwezig waarbij intraveneuze rehydratie,
naast anti-emetica, de voornaamste behandeling van HG is.”®> De Nederlandse Vereniging
voor Obstetrie en Gynaecologie (NVOG) heeft geen richtlijn voor de behandeling van HG.
Momenteel verschilt per ziekenhuis of rehydratie in dagopname of tijdens klinische opname
plaatsvindt. Twee onderzoeken, uit Engeland en lerland, vonden geen verschil in uitkomsten
en tevredenheid van patiénten tussen deze twee verschillende settings.?** Wel bleek
klinische behandeling substantieel hogere zorgkosten te hebben dan dagbehandeling.?® De
richtlijn van de RCOG raadt intraveneuze rehydratie met natriumchloride en kaliumsuppletie
aan, terwijl elektrolyten gemonitord worden.?! Glucose oplossingen hebben geen voordeel
t.o.v. natriumchloride en kunnen bijdragen aan exacerbatie van ernstige hypokaliaemie
en kunnen Wernicke encefalopathie luxeren.?? Het is sterk te overwegen om thiamine
te suppleren om het risico op Wernicke encefalopathie te verminderen.! Maternale
ondervoeding en gewichtsverlies zijn ernstige symptomen van HG en worden gezien
als een mogelijke mediatoren van negatieve geboorte uitkomsten.”” Desondanks is er
weinig onderzoek gedaan naar voedingsinterventies bij HG, en wordt sondevoeding niet
besproken in RCOG of American College of Obstetics and Gynaecologists (ACOG) richtlijnen.
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Uit een recent Nederlands onderzoek bleek dat het vroeg starten van sondevoeding, naast
intraveneuze rehydratie, geen positief effect op maternale en neonatale uitkomsten had.
Bovendien werd de sonde slecht getolereerd en vaak voortijdig verwijderd bij patiénten.?”

Het is niet bekend of sondevoeding bij vrouwen met ernstigere, aanhoudende vormen van

HG wel een positief effect heeft.
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Figuur 1 Behandelschema hyperemesis gravidarum

Eerste presentatie patiénte met misselijkheid en braken in de zwangerschap

Sluitandere oorzaken uit: denk aan gastro-intestinale infectie of obstructie, urineweginfectie,
neurologische aandoeningen

Sluit (dreigende) uitdroging uit: let op vocht intake, dorst, urine-output, tachycardie,
capillary refill, verwardheid

Start anti-emetica: 1° keus meclozine/pyridoxine, bij onvoldoende effect start daarnaast
metoclopramide

Overweeg doorverwijzing: bij (dreigende uitdroging) of onvoldoende verbetering van
klachten op anti-emetica

A\

Tweedelijns behandeling hyperemesis gravidarum
Anti-emetica: bespreek mogelijkheid ondansetron, in combinatie met eerstelijns medicatie

Intraveneuze rehydratie: middels natriumchloride en kalium suppletie; monitor
elektrolyten. Glucose infusie heeft geen toegevoegde waarde.

A\

Onvoldoende effect tweedelijns behandeling
Anti-emetica: overweeg corticosteroiden indien therapie faalt

Enterale voeding: overweeg bij langdurige klachten of ernstig gewichtsverlies (cave
refeeding syndroom)

Ontslag

Individueel behandelplan: zorg voor geindividualiseerd behandelplan met laagdrempelige
toegang tot zorg

Monitoring foetus: overweeg biometrie bij aanhoudende klachten in 2% en 3% trimester
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Uwpatiéntwordtopgenomen bijde dagbehandeling in het dichtstbijzijnde streekziekenhuis
en wordt gerehydreerd met 1.5L natriumchloride infusie. Zij krijgt een recept ondansetron
mee en er wordt afgesproken dat zij, indien zij het gevoel heeft wederom niets binnen te
kunnen houden, mag terugkomen voor rehydratie op de dagbehandeling. Daarnaast legt
de verloskundige in het ziekenhuis haar uit dat er een patiéntenvereniging bestaat die
haar mogelijk kan helpen.

Lotgenotencontact en hyperemesis gravidarum
Stichting ZEHG

Het belangrijkste doel van Zwangerschapsmisselijkheid en Hyperemesis Gravidarum (ZEHG)
is informatie verschaffen aan patiénten en het bieden van lotgenotencontact. Contact
met lotgenoten via (online) peer support groepen kan patiénten met een somatische
aandoening helpen de juiste informatie te vinden of begrijpen en steun bieden.?® Veel
van dit lotgenotencontact gebeurt via een online community, waar bijna 2000 vrouwen
aan deelnemen. Hier is veel uitleg over HG te vinden is. Daarnaast vinden veel vrouwen
steun in het delen van persoonlijke verhalen: over de 10% ziekenhuisopname; over
uitgespuugde sondes; over diepvrieszakjes die goed dicht blijven zitten; over triggers die
nooit meer weg gaan; over het lange herstel dat vaak noodzakelijk is; over in wanhoop
afgebroken zwangerschappen; over trots na de geboorte, maar ook over de diepe angst dat
de uithongering of het medicatiegebruik gevolgen zal hebben voor de kleine.

Dagelijks reageren honderden vrouwen op elkaars post door elkaar steun te bieden,
ervaringen uit te wisselen en informatie te delen. Voor veel vrouwen is dit lotgenoten
contact een van de weinige lichtpuntjes tijdens de zwangerschap en regelmatig krijgt de
stichting dan ook berichtjes zoals “Zonder jullie had ik het nooit gered”, of “Zonder de steun

binnen de groep was mijn kindje er niet geweest”.
Naast de online community organiseert ZEHG ook lotgenotendagen waar vrouwen die HG
hebben gehad en hun partners welkom zijn, en waar vooral gekeken wordt naar: “Hoe

verder na HG”.

Mocht een van uw patiénten gediagnosticeerd zijn met HG, kunt u haar verwijzen naar
stichting ZEHG.

Website: www.zehg.nl
Email: info@zehg.nl
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Drie jaar later komt dezelfde patiént, nu 30 jaar, bij u op het spreekuur. Zij vertelt een
gezonde dochter van twee jaar en een kinderwens voor een tweede kind te hebben. Zij
twijfelt echter of zij dit wel moet doen. Als zij terugdenkt aan haar eerste zwangerschap
weet zij niet of zij dit nog een keer aandurft. Soms heeft ze nog nachtmerries over het
braken en elke keer als zij langs het ziekenhuis rijdt krijgt ze een naar gevoel. Bovendien
heeft zij nu haar dochtertje waar ze voor moet zorgen. Ze wil weten wat de kans is op
herhaling van hyperemesis gravidarum.

Na de zwangerschap

HG heeft niet alleen een grote impact op de maternale kwaliteit van leven tijdens de
zwangerschap, bijna 20% van de vrouwen houdt een posttraumatisch stressstoornis over
aan een HG zwangerschap.?® De keuze om aan een tweede zwangerschap te beginnen kan
daarom lastig zijn voor vrouwen met HG in de voorgeschiedenis. Het herhaalrisico op het
krijgen van HG ligt volgens de literatuur tussen 15% en 80%.! Een preconceptie consult
waarbij de grote kans op herhaling wordt besproken, en een goed opgesteld behandelplan

zou vrouwen kunnen helpen om een goede afweging te maken.?*

Toekomstig onderzoek

Een belangrijk struikelblok bij het verkrijgen van kwalitatief hoogwaardig onderzoek naar HG
is een gebrek aan overeenstemming over de criteria voor het vaststellen van de diagnose.'*??
Zolang er tussen onderzoeken veel verschil bestaat in de duur en ernst van de klachten,
kunnen er verschillen ontstaan in de gevonden effecten en is het niet mogelijk om studies
onderling te vergelijken in meta analyses. De waarde van de onderzoeksresultaten voor
de klinische praktijk wordt daarmee beperkt. Momenteel is er een internationaal project
met als doel overeenstemming te bereiken over de definitie van HG. Zowel onderzoekers,
zorgverleners als patiénten zijn hier bij betrokken. Middels de Delphi-methodiek wordt er
afgesproken aan welke criteria patiénten met HG (in elk geval) moeten voldoen.®

Op dit moment is er in Nederland een grote mate van behandelvariatie voor HG. Een

eenduidige Nederlandse richtlijn zou kunnen bijdragen aan minder variatie tussen
zorgverleners.3°
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PUQE-24 questionnaire

24-hour Pregnancy Unique Quantification of Emesis (PUQE-24)

The following questions are about how much you experience nausea and/ or vomiting. Thick
the answer that suits the best your situation for the last 12 hours:

1. In the last 24 hours, for how long have you felt nauseated or sick to your stomach?
] Not at all
m] 1 hour or less
] 2-3 hours
m] 4-6 hours
] More than 6 hours: oo hours

2. In the last 24 hours, have you vomited or thrown up?
] | did not throw up
O 1-2 times
O 3-4 times
O 5-6 times
O 7 or more times: O O times

3. In the last 24 hours, how many times have you had dry retching or dry heaves
without bringing anything up?

] No time

O 1-2 times

O 3-4 times

O 5-6 times

O 7 or more times: 0O times

4. What do you think of your fluid and food intake?
m] | eat and/or drink less than before my pregnancy
] | eat and drink the same amount as | used to do before my pregnancy
m] | eat and/or drink more than before my pregna
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Dankwoord

Het is klaar! En dan, na jaren schrijven, is het tijd voor het meest gelezen hoofdstuk: het
dankwoord. Het onderzoek combineren met coschappen en werk was niet altijd makkelijk,
maar wel heel leerzaam. De maanden dat ik full time op het AMC zat waren heel fijn en het
laatste half jaar kreeg ik de smaak echt te pakken. De weken vlogen voorbij en met heel veel
plezier heb ik de laatste stukken geschreven. Ik ben ontzettend trots op het eindresultaat en
dat ik dit proefschrift mag verdedigen. lets wat ik natuurlijk nooit zonder hulp had kunnen

bereiken.

Om te beginnen wil ik prof. dr. T.J. Roseboom bedanken. Beste Tessa, dank dat je mij als
4% jaars student onder je hoede hebt genomen en mij de mogelijkheid hebt geboden dit
proefschrift op deze manier te schrijven. Van al onze voortgangsgesprekken ging maar
een deel over de inhoud van dit boek, verder had je altijd interesse in mijn persoonlijke
ontwikkeling en (veranderlijke) plannen over mijn toekomst. Jij kan mensen het vertrouwen
geven dat ze kunnen bereiken wat ze willen. Ik bewonder je bevlogenheid in je werk en wat

je daarmee bereikt hebt enorm.

Dr. R.C. Painter, beste Rebecca, ik heb mij in onze gesprekken regelmatig verbaasd hoeveel
kennis er in één brein kan zitten. Als ik niet beter zou weten, had ik niet geloofd dat je
wetenschap ‘als hobby’ naast de kliniek doet. Ik vind het bijzonder hoe jij je inzet voor
patiéntengroepen waar weinig anderen naar omkijken, zoals hyperemesis gravidarum. Dank
voor alles wat ik van je geleerd heb, ik bof met zo’n copromotor.

Dr. I.J. Grooten, beste Iris, voordat ik jou leerde kennen dacht ik dat SPSS een aantal letters
uit het alfabet waren en kende ik ‘abstract’ alleen uit de kunst. Dank dat jij mij wegwijs hebt
gemaakt in de wereld van onderzoek doen. Ik ben vereerd dat ik mij bij jouw kindje, de

MOTHERtrial, heb mogen aansluiten en uiteindelijk het stokje van je heb mogen overnemen.

Graag wil ik alle andere betrokkenen bij dit proefschrift bedanken. Natuurlijk alle vrouwen die
hebben deelgenomen aan de MOTHER studie. Daarnaast wil ik alle researchmedewerkers,
gynaecologen, verloskundigen, verpleegkundigen, diétisten en laboranten van de
deelnemende centra bedanken voor hun inzet voor de studie.

Dear prof. M.R. Jarvelin, dr. S. Sebert and dr. E. Kajantie, thank you for the cooperation and

the provision of the data of the Northern Finland Birth cohort for hyperemesis gravidarum

research.
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I would like to thank the other members of the doctorate committee: prof. dr. J.B. Goudoever,
prof. dr. M. Goddijn, dr. M\W. Langendam, prof. dr. C.B. Lambalk, prof. dr. J.C. Seidell and
prof. dr. R. Gadsby for assessing my thesis. Dear professor Gadsby, thank you for travelling

to Amsterdam!

Lieve collega’s van H4. SPSS errors en het zuurstoftekort in de cubicles waren een stuk
makkelijker te verdragen wetende dat ik niet alleen was. Dank voor de koffietjes, italiaanse

etentjes en zwempogingen in het IJ.

Lieve vriendinnen en vrienden, of het nu de feministen van HN zijn, de feestbeesten van
Liever Liter, mijn klimgekkies of meiden van het Vitus, jullie hebben mij allen in de afgelopen
jaren zo nu en dan een hart onder de riem gestoken en daar ben ik jullie uiteraard dankbaar
voor. Maar ik ben vooral heel erg blij met alle mooie momenten die we delen: shoarma
op dinsdag, corona op vrijdag, zomeravonden in de vrijmiboot, te fanatieke potjes Who is
the Man, dansen tot in de late vroege uurtjes, fietsen, schaatsen, weekendjes Maastricht,
kamperen met -100 °C, klimmen en Radlers in een berghut. Dat maakt mijn leven meer dan

leuk.

Mijn paranimfen, Rosanne en Skadi, met deze twee powervrouwen naast mij durf ik bijna
alles aan. Lieve Roos, wat begon als koffietje in de VU heeft zich voortgezet op het AMC.
Wat fijn om met zo’n goede vriendin de ups en downs van het promoveren te kunnen delen.
Ik heb bewondering voor jouw doorzettingsvermogen in je eigen onderzoek, en eigenlijk
ook daarbuiten. Lieve Skaad, wij hebben nooit zoveel woorden nodig. Na al die jaren van
vriendschap en samenwonen zijn we een soort familie geworden. Je bent heel belangrijk

voor mij. A je to!

En dan, Mathijs, grote broer, misschien wel de nuchterste persoon die ik ken, heerlijk dat jij
mijn piekermomentjes altijd kan relativeren met een goede dosis humor. Lieve Karlijn, mijn
dank voor jouw bijdrage aan dit proefschrift is groot. Met jouw eindeloze koffie bevoorrading
heb je indirect aan de inhoud bijgedragen, maar ik ben je vooral erg dankbaar voor het

prachtige design. Ik ben er heel blij mee en vind het bijzonder dat jij het gemaakt hebt.
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Dankwoord

Lieve pap en mam, in deel Ill van dit proefschrift beschrijf ik het belang van een goede start.
Jullie hebben mij zoveel meer gegeven dan dat. Wat is het fijn om altijd jullie vertrouwen
en steun te hebben, maar wat is het vooral fijn dat ik nog steeds altijd gewoon bij jullie kan
thuiskomen.

Lieve Sander, dat ene feestje afgelopen zomer was het beste idee ooit. Ik kan er geen

statistische toets op loslaten, maar ik weet zeker dat mijn leven sindsdien significant leuker
is geworden. Dank voor je steun bij de laatste loodjes van dit proefschrift. Het is af!
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