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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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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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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
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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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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.
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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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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.

38



Ketonuria and HG disease severity

References

1.

10.

11.

12.

13.

14.

15.

16.

Niebyl JR. Clinical practice. Nausea and vomiting in pregnancy. The New England journal of medicine.
2010;363(16):1544-50.

Bailit JL. Hyperemesis gravidarium: Epidemiologic findings from a large cohort. Am J Obstet Gynecol.
2005;193(3 Pt 1):811-4.

Veenendaal MV, van Abeelen AF, Painter RC, van der Post JA, Roseboom TJ. Consequences of
hyperemesis gravidarum for offspring: a systematic review and meta-analysis. BJOG : an international
journal of obstetrics and gynaecology. 2011;118(11):1302-13.

Vikanes A, Grjibovski AM, Vangen S, Magnus P. Variations in prevalence of hyperemesis gravidarum
by country of birth: a study of 900,074 pregnancies in Norway, 1967-2005. Scand J Public Health.
2008;36(2):135-42.

Matsuo K, Ushioda N, Nagamatsu M, Kimura T. Hyperemesis gravidarum in Eastern Asian population.
Gynecologic and obstetric investigation. 2007;64(4):213-6.

Niebyl JR. Nausea and vomiting in pregnancy. The New England journal of medicine.
2010;363(16):1544-50.

Gazmararian JA, Petersen R, Jamieson DJ, et al. Hospitalizations during pregnancy among managed
care enrollees. Obstetrics and gynecology. 2002;100(1):94-100.

Piwko C, Koren G, Babashov V, Vicente C, Einarson TR. Economic burden of nausea and vomiting of
pregnancy in the USA. Journal of population therapeutics and clinical pharmacology = Journal de la
therapeutique des populations et de la pharamcologie clinique. 2013;20(2):e149-60.

Piwko C, Ungar WJ, Einarson TR, Wolpin J, Koren G. The weekly cost of nausea and vomiting of
pregnancy for women calling the Toronto Motherisk Program. Current medical research and opinion.
2007;23(4):833-40.

McCarthy FP, Lutomski JE, Greene RA. Hyperemesis gravidarum: current perspectives. Int J Womens
Health. 2014;6:719-25.

Niemeijer MN, Grooten IJ, Vos N, et al. Diagnostic markers for hyperemesis gravidarum: a systematic
review and metaanalysis. Am J Obstet Gynecol. 2014;211(2):150 e1-15.

Grooten 1), Roseboom TJ, Painter RC. Barriers and Challenges in Hyperemesis Gravidarum Research.
Nutr Metab Insights. 2015;8(Suppl 1):33-9.

Koot MH, Boelig RC, van ‘t Hooft J, et al. Variation in hyperemesis gravidarum definition and outcome
reporting in randomised clinical trials: a systematic review. BJOG : an international journal of
obstetrics and gynaecology. 2018.

Comstock JP, Garber AJ. In: Walker HK, Hall WD, Hurst JW, editors. Ketonuria. Clinical Methods: The
History, Physical, and Laboratory Examinations. 3rd edition. Boston: Butterworths; 1990. Chapter
140. Available from: https://www.ncbi.nIm.nih.gov/books/NBK247/.

Shehmar M, MacLean MA, Nelson-Piercy C, Gadsby R, O’Hara M. The Management of Nausea
and Vomiting of Pregnancy and Hyperemesis Gravidarum 2016 [cited 2018 August 6]. Available
from: https://www.rcog.org.uk/globalassets/documents/guidelines/green-top-guidelines/gtg69-
hyperemesis.pdf.

Beentjes MM, Weersma RLS, Koch W, et al. NHG-Standaard Zwangerschap en kraamperiode (tweede
herziening). Huisarts en Wetenschap. 2012;55(3):112-25.

39



Chapter 2

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

40

Hayden JA, van der Windt DA, Cartwright JL, Cote P, Bombardier C. Assessing bias in studies of
prognostic factors. Annals of internal medicine. 2013;158(4):280-6.

Derbent AU, Yanik FF, Simavli S, et al. First trimester maternal serum PAPP-A and free beta-HCG levels
in hyperemesis gravidarum. Prenatal diagnosis. 2011;31(5):450-3.

Kuscu NK, Yildirim Y, Koyuncu F, Var A, Uyanik BS. Interleukin-6 levels in hyperemesis gravidarum.
Archives of Gynecology and Obstetrics. 2003;269(1):13-5.

Tayfur C, Burcu DC, Gulten O, et al. Association between platelet to lymphocyte ratio, plateletcrit and
the presence and severity of hyperemesis gravidarum. The journal of obstetrics and gynaecology
research. 2017;43(3):498-504.

Tan PC, Jacob R, Quek KF, Omar SZ. Readmission risk and metabolic, biochemical, haematological and
clinical indicators of severity in hyperemesis gravidarum. Aust N Z J Obstet Gynaecol. 2006;46(5):446-
50.

Morris ZH, Azab AN, Harlev S, Plakht Y. Developing and validating a prognostic index predicting re-
hospitalization of patients with Hyperemesis Gravidarum. European journal of obstetrics, gynecology,
and reproductive biology. 2018;225:113-7.

Tan PC, Jacob R, Quek KF, Omar SZ. Indicators of prolonged hospital stay in hyperemesis gravidarum.
International journal of gynaecology and obstetrics: the official organ of the International Federation
of Gynaecology and Obstetrics. 2006;93(3):246-7.

Tan PC, Tan NC, Omar SZ. Effect of high levels of human chorionic gonadotropin and estradiol on the
severity of hyperemesis gravidarum. Clinical chemistry and laboratory medicine. 2009;47(2):165-71.

Grooten 1), Koot MH, van der Post JA, et al. Early enteral tube feeding in optimizing treatment of
hyperemesis gravidarum: the Maternal and Offspring outcomes after Treatment of HyperEmesis
by Refeeding (MOTHER) randomized controlled trial. The American journal of clinical nutrition.
2017;106(3):812-20.

Grooten 1), Mol BW, van der Post JA, et al. Early nasogastric tube feeding in optimising treatment
for hyperemesis gravidarum: the MOTHER randomised controlled trial (Maternal and Offspring
outcomes after Treatment of HyperEmesis by Refeeding). BMC pregnancy and childbirth. 2016;16:22.

Magee LA, Chandra K, Mazzotta P, et al. Development of a health-related quality of life instrument for
nausea and vomiting of pregnancy. Am J Obstet Gynecol. 2002;186(5 Suppl Understanding):5232-8.

Power Z, Campbell M, Kilcoyne P, Kitchener H, Waterman H. The Hyperemesis Impact of Symptoms
Questionnaire: development and validation of a clinical tool. International journal of nursing studies.
2010;47(1):67-77.

Birkeland E, Stokke G, Tangvik RJ, et al. Norwegian PUQE (Pregnancy-Unique Quantification of
Emesis and nausea) identifies patients with hyperemesis gravidarum and poor nutritional intake: a
prospective cohort validation study. PLoS One. 2015;10(4):e0119962.

Ebrahimi N, Maltepe C, Bournissen FG, Koren G. Nausea and vomiting of pregnancy: using the
24-hour Pregnancy-Unique Quantification of Emesis (PUQE-24) scale. Journal of obstetrics
and gynaecology Canada : JOGC = Journal d’'obstetrique et gynecologie du Canada : JOGC.
2009;31(9):803-7.

Norman G. Likert scales, levels of measurement and the “laws” of statistics. Advances in Health
Sciences Education. 2010;15(5):625-32.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ketonuria and HG disease severity

Trovik J, Vikanes A. Hyperemesis Gravidarum is associated with substantial economic burden in
addition to severe physical and psychological suffering. Israel journal of health policy research.
2016;5:43.

Biggs JSG. Vomiting in Pregnancy: Causes and Management. Drugs. 1975;9(4):299-306.
Douglas HJ. Hyperemesis Gravidarum. Dalhousie Medical journal. 1955;08(2).

Kim HJ, Joo NS, Kim KM, Lee DJ, Kim SM. Different response of body weight change according to
ketonuria after fasting in the healthy obese. Journal of Korean medical science. 2012;27(3):250-4.

Chez RA, Curcio FD, 3rd. Ketonuria in normal pregnancy. Obstetrics and gynecology. 1987;69(2):272-
4.

Lain KY, Catalano PM. Metabolic Changes in Pregnancy. Clinical obstetrics and gynecology.
2007;50(4).

Royal College of Obstetricians & Gynaecologists. The Management of Nausea and Vomiting of
Pregnancy and Hyperemesis Gravidarum 2016 [cited 2017 15-02-2017]. Available from: https://www.
rcog.org.uk/globalassets/documents/guidelines/green-top-guidelines/gtg69-hyperemesis.pdf.

Steiner MJ, Nager AL, Wang VJ. Urine Specific Gravity and Other Urinary Indices: Inaccurate Tests for
Dehydration. Pediatric Emergency Care. 2007;23(5).

Gan TJ, Diemunsch P, Habib AS, et al. Consensus Guidelines for the Management of Postoperative
Nausea and Vomiting. Anesthesia & Analgesia. 2014;118(1).

Tageja N, Groninger H. Chemotherapy-induced nausea and vomiting: an overview and comparison of
three consensus guidelines. Postgraduate Medical Journal. 2016;92(1083):34.

41



