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ABSTRACT

Introduction Gestational diabetes mellitus (GDM) is

a common disorder of pregnancy with health risks for
mother and child during pregnancy, delivery and further
lifetime, possibly leading to type 2 diabetes mellitus
(T2DM). Current treatment is focused on reducing
hyperglycaemia, by dietary and lifestyle intervention and,
if glycaemic targets are not reached, insulin. Metformin
is an oral blood glucose lowering drug and considered
safe during pregnancy. It improves insulin sensitivity and
has shown advantages, specifically regarding pregnancy-
related outcomes and patient satisfaction, compared
with insulin therapy. However, the role of metformin in
addition to usual care is inconclusive and long-term
outcome of metformin exposure in utero are lacking.
The primary aim of this study is to investigate the early
addition of metformin on pregnancy and long-term
outcomes in GDM.

Methods and analysis The Pregnancy Outcomes:
Effects of Metformin study is a multicentre, open-label,
randomised, controlled trial. Participants include women
with GDM, between 16 and 32 weeks of gestation, who
are randomised to either usual care or metformin added to
usual care, with insulin rescue in both groups. Metformin
is given up to 1year after delivery. The study consists of
three phases (A—C): A—until 6 weeks after delivery; B—
until 1year after delivery; C—observational study until 20
years after delivery. During phase A, the primary outcome
is a composite score consisting of: (1) pregnancy-related
hypertension, (2) large for gestational age neonate, (3)
preterm delivery, (4) instrumental delivery, (5) caesarean
delivery, (6) birth trauma, (7) neonatal hypoglycaemia,

(8) neonatal intensive care admission. During phase B
and C the primary outcome is the incidence of T2DM and
(weight) development in mother and child.

Ethics and dissemination The study was approved

by the Central Committee on Research Involving Human
Subjects in the Netherlands. Results will be submitted for
publication in peer-reviewed journals.

Trial registration number NCT02947503.
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Strengths and limitations of this study

» This is the first randomised controlled trial (RCT) to
investigate immediate initiation of metformin at the
start of gestational diabetes mellitus (GDM) diagno-
sis added to dietary and lifestyle intervention versus
dietary and lifestyle intervention alone.

» |t is the first RCT to study the effects of metformin
in GDM on mother and child during pregnancy, at
delivery and for 20 years thereafter.

» The Pregnancy Outcomes: Effects of Metformin
(POEM) study is the first RCT that studies the effects
of continuing metformin exposure in the direct post-
partum period (during lactation).

» Although the POEM study is a randomised multi-
centre RCT, the design is incorporated into usual
practice. Confounding could be introduced due to
variation in usual care.

INTRODUCTION
Gestational diabetes mellitus (GDM) is one
of the most common disorders of pregnancy
with a prevalence estimated up to 17% world-
wide. There is a wide variation between coun-
tries, due to different populations, screening
approaches and diagnostic criteria.'™

GDM is an expression of chronic insulin
resistance, worsened by the hormonal and
metabolic physiology of pregnancy and
inadequate pancreatic B-cell adaptation.®”
Women are often asymptomatic and there-
fore testing occurs in women with risk factors
for GDM with a fasting plasma glucose (FPG)
and an oral glucose tolerance test (OGTT).
GDM is associated with suboptimal maternal
and neonatal outcomes such as offspring
large for gestational age (LGA), macro-
somia, shoulder dystocia, pregnancy-related
hypertension, caesarean section, neonatal
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hyperinsulinaemia and hyperbilirubinaemia.'”™" After
delivery both mother and child show an increased risk of
cardiometabolic disease, specifically obesity and progres-
sion to type 2 diabetes mellitus (T2DM) in mothers,
and early childhood obesity and development of (pre)
diabetes in adolescence.'*"

Prior research has shown strong associations between
maternal blood glucose levels—even in the near-normal
range—and pregnancy-related outcomes as well as child-
hood adiposity and insulin resistance.” '* ' Therefore,
current treatment primarily strives to normalise glycaemic
levels and consists of dietary and lifestyle interventions
(DLs) with regular self-monitoring of blood glucose
levels.” If blood glucose levels exceed the target ranges,
antihyperglycaemic medication is recommended. Most
treatment guidelines recommend insulin therapy as the
first choice.”” However, insulin has several disadvantages
as it is associated with increased maternal weight gain,
maternal and neonatal hypoglycaemia and patients are
burdened with storage, intensified self-monitoring and
frequent subcutaneous injections.”’ In addition, insulin
therapy is costly and burdens the healthcare system
by medical education and frequent contacts. Finally,
although insulin administration could compensate for
the B-cell dysfunction, insulin sustains the hyperinsuli-
naemia and does not treat the underlying insulin resis-
tance. Perhaps this explains why women with GDM and
with optimal glycaemic control still show unsatisfactory
(pregnancy) outcomes.'”**

Mechanisms related to insulin resistance rather than
low-grade glucotoxicity may contribute to the patho-
physiology of the complications in GDM. This makes
metformin a logical option for women with GDM.
Metformin (dimethylbiguanide) is an oral blood glucose
lowering drug (OBGLD) and has numerous mechanisms
of action. It primarily inhibits the gluconeogenesis in the
liver and acts as a insulin sensitizer—especially in the liver,
and to a lesser extent in muscle and adipose tissue.** *
Additionally, it improves glucose sensing in the intestine
and mechanisms through the incretin system are also
involved.”?” Since insulin secretion is unaltered, the
risk of hypoglycaemia is negligible.*® Metformin is widely
used in T2DM and to a lesser extent in GDM. In GDM,
metformin compared with insulin and other OBGLD,
reduces maternal and neonatal weight gain, the risk
of pregnancy-related hypertension, neonatal intensive
care admission and hypoglycaemia.** ***** Additionally,
metformin shows anti-inflammatory and antithrombo-
genic effects™ and higher patient satisfaction compared
with insulin.” Several international treatment guidelines
already recommend metformin treatment above insulin
therapy if DLs fail to adequately treat hyperglycaemia.”*’
No studies on the use of metformin prior to considering
insulin therapy exist.

Although hyperglycaemia usually resolves between 48
hours post partum, most GDM patients have a degree of
chronic insulin resistance,*’ which persists after delivery
and is not treated adequately with current therapy. It is

hypothesised that the addition of metformin to GDM
care reduces the risk of developing T2DM."®*** In mice,
metformin exposure in utero and during lactation has
been shown to improve glucose tolerance and insulin
secretion in the adult male offspring.* * Addition-
ally, metformin reduces the incidence of T2DM in pre-
diabetic adults with and without a history of GDM.* *
Despite these findings, no studies investigated the effects
of continued administration of metformin in the direct
postpartum period.

Despite the confirmed and theoretical advantages of
metformin, itsrole in treatment guidelines is still inconclu-
sive. This multicentre randomised open-label controlled
trial addresses this unmet need and will contribute to the
primary treatment of GDM by providing insight into (1)
immediate metformin treatment on top of DL versus DL,
(2) continued metformin exposure in the direct post-
partum period and (3) the long-term effects of metformin
for both mother and child. As such, results of this study
will provide a broad understanding of metformin in GDM
and the pregnancy-related outcomes as well as provide
data on the long-term outcomes concerning safety and
efficacy in mother and child.

METHODS AND ANALYSIS

Design and setting

The Pregnancy Outcomes: Effects of Metformin (POEM
study is a long-term, multicentre, randomised controlled,
open-label, trial comparing usual care to metformin
added to usual care. The trial consists of three distinct
phases (A, B and C), and has a 20-year follow-up period
after delivery. The first patient was included in December
2019 and the planned end date including phase C is in
2043.

Phase A (from inclusion until 6 weeks after delivery)
and phase B (from 6 weeks until 1year after delivery) are
the interventional phases, while phase C (from 1 until 20
years after delivery) is the long-term observational phase.

The study will be conducted in the Netherlands and
embedded in regular care with multidisciplinary GDM
treatment teams usually consisting of a gynaecolo-
gist, internist, diabetes specialist nurse, midwife and
dietician.

Ethical compliance

The methods employed in this trial were judged and
approved by the Central Committee on Research
Involving Human Subjects (Centrale Commissie Mens-
gebonden Onderzoek, CCMO, the National Medical
Ethical Committee in the Netherlands). EudraCT
number is 2015-002148-15.

Public involvement
The Dutch Diabetes Association was involved in the
preparation of this trial and approved the protocol.
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Study population

GDM is diagnosed using a 75g OGTT according to the
national Dutch guidelines.”” Currently, screening for
GDM in the Netherlands occurs based on predisposing
risk factors, to be known; BMI>30kg/m?, a history of a
neonate with a birth weight >p95 or >4500 g, a first degree
family member with diabetes mellitus, ethnic groups with
a higher risk of diabetes mellitus (women of South-Asian
descent, Afro-Caribbean, Middle-East, Morocco or Egypt),
amedical history of unexplained foetal death and women
with polycystic ovary syndrome. Women with these risk
factors are tested between 24 and 28 weeks of gestation.
Women with a medical history of GDM are tested at 16
weeks of gestation.”” The OGTT is also performed in case
of clinical features of GDM such as suspected macrosomia
or polyhydramnios.

Women are eligible for inclusion in this study if they
have an FPG>5.3mmol/L and/or a 2-hour postload
glucose (PG) 27.8mmol/L after a 75g OGTT. This inclu-
sion strategy is based on national guidelines and the
WHO criteria of 1999 and 2013, also including mild cases
of GDM given this population also exhibits some degree
of chronic insulin resistance and consequently subop-
timal outcome."”*°

The inclusion and exclusion criteria are listed in box 1.
The upper gestational age limit for inclusion is set at 32
weeks, to allow at least 6 weeks of metformin exposure
during pregnancy. With the current screening policy, we
expect that most participants will be treated =12 weeks
during phase A.

Inclusion and randomisation
Eligible women will be informed about the study by either
a research nurse, investigator or a healthcare provider
(internist, diabetes specialist nurse, midwife or gynaecolo-
gist). Prior to participation full written informed consent
is obtained for phase A and B (online supplemental
appendices 1 and 2). At the end of phase B, informed
consent will be obtained for phase C. Participants are
randomised, stratified for age and duration of pregnancy
and allocated 1:1 to either metformin and DL or to DL
alone. Randomisation with stratification (for age and
pregnancy duration) will be performed in the electronic
case report form (eCRF) using Castor EDC.

The flowchart for eligibility, randomisation, interven-
tion and control group and visit frequencies in the three
phases of this study is presented in figure 1.

Intervention: metformin

The intervention group will receive metformin tablets of
850mg (TEVA), titrated within approximately 15 days up
to three times per day, if tolerated. The maximally toler-
ated dose will be continued until lyear after delivery.
Metformin will be stopped according to clinical judge-
ment during, for example, severe diarrhoea with dehydra-
tion, severe illness with fever and/or sepsis. Additionally,
metformin will be stopped - if indicated - in case of fetal
growth restriction, as was also done in previous studies.*’
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Box 1 Inclusion and exclusion criteria

Inclusion criteria

1. Pregnant women with GDM defined as a FPG>5.3 mmol/L and/or
an OGTT with a PG>7.8 mmol/L, 2 hours after the oral intake of 75
g glucose.

Age 18-45 years.

Written informed consent.

Singleton pregnancy.

Gestational age at inclusion 16—32 weeks.

HbA1c at inclusion <48 mmol/mol.

ok wh

Exclusion criteria
1. Diabetes mellitus before pregnancy, except GDM.
Proteinuria (UACR>35 mmol/mol) at screening.
Chronic liver disease and/or ASAT/ALAT>3xULN.
Chronic renal failure with GFR<45 mL/min/1.73 m?.
Malignancy during the last 5 years, except non-melanoma skin
cancer.
6. Psychiatric and/or mood disorders potentially affecting compliance
of treatment.
7. Chronic pulmonary failure with hypoxia
8. Significantly uncontrolled hypertension (SBP>160mm Hg despite
medical treatment).
9. Chronic treatment with corticosteroids.
10. Intolerance for metformin and/or earlier use of metformin in this
pregnancy.
11. Involvement in the POEM study.
12. Severe fetal anomaly at inclusion.
13. Ruptured of membranes (ROM).
14. Inability to understand or read Dutch language.
15. Bariatric surgery in medical history.
16. Hyperemesis gravidarum.

o~

FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; OGTT, oral
glucose tolerance test; POEM, Pregnancy Outcomes: Effects of Metformin; SPB,
systolic blood pressure; UACR, urine albumin creatinine ratio; ULN, upper limit
of normal.

Fetal growth restriction will be defined according to the
criteria proposed by Delphi consensus.*®

Obstetric care

Obstetric care will be performed according to usual prac-
tice of the participating centre. Regular ultrasonography
with fetal biometry (abdominal circumference, femur
length, head circumference, estimated fetal weight and
amniotic fluid volume) is performed approximately every
4weeks. Timing of delivery will be performed according
to usual practice of GDM with DL without insulin, which is
often an expectant approach. If insulin rescue is needed,
or in case of expected LGA, it is generally recommended
to consider induction of labour around 38-39 weeks.?’

Diabetes care

All participants will be referred to a diabetes specialist
nurse, dietician and internist according to routine GDM
care. In both groups, glucose monitoring and DL will be
performed according to usual care with guidance by a
diabetic nurse and a dietician. The diabetes specialist or
research nurse instructs the participants about measuring
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Screening by FPG and/or 75 gram OGTT for GDM in pregnant women at 16-32 weeks

[

GDMI defined as FPG = 5.3 mmol/l and/or = 7.8 mmol/l two hours after 75 grams OGTT

I

Assessment of eligibility (Table 1)

|

Randomization

I

Metformin group (n=250)
Counselling for diet and lifestyle +
metformin 850 mg 1 to 3 times daily (MDL) +
Insulin rescue if needed

Control group (n=250)
Counselling for diet and lifestyle (DL) +
Insulin rescue if needed

|

|

Phase A — visits every 4 weeks — intervention study
Monitoring + endpoints during pregnancy until 6 weeks after delivery
In mother and child with MDL versus DL

Phase B - visits twice a year — intervention study
Monitoring + endpoints from 6 weeks until 1 year after delivery
In mother and child with MDL versus DL

Phase C — visits once a yvear — observational extension study without study medication
Monitoring + endpoints from 1 until 20 years after delivery in mother and child
Without study medication

Figure 1 Flow chart. DL, dietand lifestyle intervention; FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; MDL,
metforminand diet and lifestyle intervention; OGTT, oral glucose tolerance test.

procedures according to national guidelines.*’ CareSens
glucose meters will be used as the standard system for
blood glucose measurements in all participants. DLs are
embedded in regular care, and are performed according
to the Dutch and WHO guidelines (physical activity and
a well-balanced diet with carbohydrate redistribution and
(mild) carbohydrate restriction).”

The participants will be asked to collect two 7-point
blood glucose profiles in the week prior to the research
visits. For the other weeks participants will collect 4-point
blood glucose profiles according to usual care. The blood
glucose levels will be reviewed by a diabetes nurse specialist
or medical doctor at least every 1-2 weeks. At inclusion,
laboratory safety tests will be performed to exclude, for
example, renal or liver diseases. Glycated haemoglobin
(HbAlc), renal and liver function will be checked every 8
weeks in phase A.

In both groups, insulin rescue will be started at the
discretion of the internist if the allocated treatment is
not sufficient to achieve the target values of glycaemic
control at least more than two times (FPG<5.3 mmol/L
and PG<7.8mmol/L). According to normal standard
of care, the internist may choose to commence insulin
rescue only temporarily if there is a reversible factor for
dysregulation (medication/food/stress/fever).

If target values are not met more than two times in phase
B or C (FPG<7.0mmol/L or PG<11.1mmol/L), antihy-
perglycaemic treatment will be started (or extended)
according to national guidelines for the treatment of
T2DM.™

Neonatal care

Neonatal care will be performed according to usual care.
Most sites will perform glucose monitoring if the neonate
has a birth weight >p90 and/or if mother receives insulin
therapy.

Follow-up and data collection

The follow-up and data collection per visit are presented
in table 1. All data will be recorded in the eCRF per site.
In phase A, participants will have visits every 4weeks until
delivery, and 6 weeks after delivery. In phase B, partici-
pants will have visits two times a year, at 6 and 12 months
after delivery. In phase C, participants will have visits once
a year for a duration of 20 years after delivery. Additional
blood samples from the mother (research panel) and
urine samples from the child will be collected and stored
at -80°C for later analyses and to study the effects of
metformin regarding metabolic, development and safety
outcomes.
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Phase A Phase B Phase C

)
O

Weeks

|

—_
o
o
—_
N
—_
(e}
N
o
N
N
+

(e}

~
\‘
\‘
N
~
~
~
~
~
~
—
N
—
N
—
N

Visit window (+days)

Baseline characteristics X

x
X
x
x
x

Concomitant medication X X X X X X X Every visit

Vital signs, body weight X X X X X X

x
x
x
x
x

X Every visit

x
x
x
x
x
x
x
x
x
x

AE/SAE/endpoint report X Every visit

Check GOS

x
x

EQ-5D-5L and WHO-5

x
x
x
x

X Every other visit

>
x

Development child X Every visit

x
x
x

Safety panel mothert

x
x
x
x
x
>
x

Research panel mother Every visit

x
x
x
x
x

Morning urine mother X Every four visits

X

Morning urine child X Every four visits

x

Umbilical cord sampling

X

Neonatal glucoseq|
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*Visit 10 is completing phase A and starting phase B.

tSafety panel (fasting): urine albumin creatinine ratio, blood cell count, haemoglobin, creatinin, urea, sodium, potassium, YGT, AF, ASAT, ALAT,
LDH, CRP, TSH, FT4 (if TSH is abnormal).

fRegular panel (fasting): HbA1c, haemoglobin, FPG, creatinin, ASAT, ALAT, B12, MMA (if B12<220 mmol/L).

§When the OGTT is performed prior to visit 1, this data will be used.

YJAccording to the standard of care a neonatal plasma glucose can be measured post partum.

AE, adverse event; BGM, blood glucose monitoring; D, delivery; GDM, gestational diabetes mellitus; GOS, GDM Outcome Score; OGTT, oral
glucose tolerance test; R, randomisation; SAE, serious adverse event.

Additional pregnancies Primary outcome measures

If a new pregnancy occurs during phase B, this preg-  The primary outcome measure during phase A consists of
nancy will be entirely exposed to the allocated treatment ~ a composite endpoint at delivery and is termed the GDM
strategy. There is no evidence for safety issues concerning ~ Outcome Score (GOS). The GOS is an ordinal variable
metformin exposure in the first trimester.”” 6 If a ranging from 0 to 8 and consists of eight components which
pregnancy occurs during phase C this pregnancy will be  are shown in table 2. Additionally, the dichotomous endpoint
treated according to regular clinical practice. GOS positive (1-8) versus GOS negative (0) will be evaluated

(3]
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Table 2 Primary outcome measures

Phase A

Phase Band C

GDM Qutcome Score (GOS) score (range 0-8)
. Pregnancy-related hypertension.

. Premature delivery (<37.0 weeks of gestation).
. Instrumental delivery.

. Caesarean delivery.

. Birth trauma.

. Neonatal hypoglycaemia (<2.6 mmol/L).

. Admission to the neonatal intensive care unit.

O~NO O~ WN =

. Large for gestational age (LGA) at delivery (weight >90th percentile).

Incidence of maternal T2DM
Weight and BMI (category) development mother
Weight and BMI (percentile) development child

BMI, body mass index; T2DM, type 2 diabetes mellitus.

as a variant of the primary outcome. The incidence of T2DM
and weight development in mother and child are the copri-
mary outcome measures in phase B and C.

Secondary outcome measures

The secondary outcome measure during phase A consists
of two composite endpoints at delivery and is termed the
Maternal Outcome Score (MOS) and Neonatal Outcome
Score (NOS). Both are ordinal variables consisting of

Table 3 Secondary outcome measures
Phase A
Mother

Child

Maternal Outcome Score Neonatal Outcome Score (NOS)
(MOS) IRDS requiring oxygen therapy
Caesarean delivery Stillbirth and neonatal death
Pre-eclampsia, Preterm birth

eclampsia, HELPP and  Shoulder dystocia

PIH Instrumental delivery

Maternal mortality Caesarean delivery

Postpartum haemorrhage Neonatal hypoglycaemia <2.6

Thrombosis mmolL/L
Each separate maternal  Neonatal jaundice needing
component of GOS phototherapy

NICU admission

Apgar score as a variable
Apgar score <7 at 5min
Congenital anomaly
Each separate neonatal
component of GOS

Phase B and C

Mother Child

Hypertension Gonadal and gender
development development

Thrombotic and CVD Puberty and maturation

events Educational and intellectual
Development of chronic  development

disease Development of chronic disease

CVD, Cardiovascular disease; GDM, gestational diabetes mellitus;
GOS, GDM Outcome Score; HELLP, Hemolysis Elevated Liver
enzymes and Low Platelets; IRDS, Infant Respiratory Distress
Syndrome; NICU, neonatal intensive care unit; PIH, Pregnancy
induced hypertension.

the components shown in table 3. Moreover, each sepa-
rate component of the eight components of GOS is a
secondary endpoint in phase A.

The Dutch version of the EuroQol-5D-5L (EQ-5D-5L)
and The World Health Organisation- Five Well-Being
Index (WHO-5) will be administered to evaluate health-
related quality of life. The EQ-5D-5L is a commonly used
questionnaire to measure health-related quality of life.””
This questionnaire can be used to obtain quality-adjusted
life years. Using the Dutch 211g0rithm,58 a utility score can
be produced ranging from 0 to 1, with 0 indicating the
worst imaginable health and 1 indicating the best imag-
inable health state.” The WHO-5 is a 5-item short and
non-invasive generic rating scale measuring subjective
psychological well-being.59 The questionnaire consists of
five items and the participant is asked to rate how well
each of the five statements applies to her when consid-
ering the last 14 days. It has been used as a screening
tool for depression but is also widely used as outcome
measure in clinical trials to capture (improvement in)
well-being caused by various pharmacological interven-
tions. 60

Finally, biometric, metabolic and hormonal variables
collected during the study will be evaluated as a variant to
the secondary outcome during phase A and B. During phase
C, the secondary outcome concerns the developmental
milestones of the child, anthropometric measurements
and development of chronic disease for mother and child.
A complete overview of secondary outcome measures is
presented in online supplemental appendix 3.

Drug safety

Observational studies and randomised trials did not show
adrug safety issue in patients with GDM, polycystic ovarian
syndrome, T2DM and obesity.?! *7 % 2 56 %1 Metformin
is considered as a safe and non-teratogenic drug.”* > *°
Limited concentrations of metformin are observed in
breast milk (median concentrations ranging between
0.17 and 0.41 mg/L).f’Q'64 The mean relative infant dose
ranges between 0.20% and 0.65% of the weight adjusted
maternal dose.”*** Metformin use during lactation did no
show adverse effects on the infants blood glucose levels or

on growth, motor and social development.hH"r’
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Safety monitoring

According to the risk classification of investigator-initiated
research, this study has a small chance to induce minor
damage leading to the qualification of a negligible risk
study. Nevertheless, we installed a Data and Safety Moni-
toring Board to secure the safety of the participants. All
serious adverse events will be reported. A study monitor
will periodically visit all participating centres and ensure
the rights and well-being of the participating subjects
and to assess the quality of data collection and check if
the rights, safety and well-being of the participants are
reassured.

Sample size
The eight components of GOS and their estimated prev-
alence in GDM patients in the Netherlands are: LGA
(16.5%-19.9%), preterm delivery (4.4%—6.4%), admis-
sion to neonatal intensive care (5%), instrumental delivery
(7.5%-8.2%), birth trauma (3.7%), neonatal hypogly-
caemia (3.4%-27.1%), caesarean delivery (12.1%-23.8%)
and pregnancy-related hypertension (8.8-12.5)."0 "
Metformin added to DL has never been compared with
DL alone. Several meta-analyses comparing metformin
to insulin showed a lower incidence of LGA (pooled risk
ratio (RR): 0.80 (0.64-0.99)) and macrosomia (pooled
RR: 0.60 (0.45-0.79)), pregnancy induced hyperten-
sion (pooled RR: 0.56 (0.37-0.85)), neonatal hypogly-
caemia (pooled RR: 0.63 (0.45-0.87)) and neonatal
intensive care unit admission (pooled RR: 0.72 (0.59-
0.88)).22 303266 Rates of caesarean section (pooled RR:
0.97 (0.80-1.19)), birth trauma (pooled RR: 0.86 (0.45—
1.63)), preterm birth (pooled RR: 1.18 (0.67-2.07)) and
assisted delivery (pooled RR: 1.34 (0.65-2.75)) did not
differ between the groups.29 50326667 By pooling the known
effects of metformin versus insulin, so far, the effect size
of metformin on GOS can be estimated as a relative risk
reduction of 15%. We anticipated the early addition of
metformin to DL results in a relative risk reduction of
25% on the GOS scale compared with the control group.
Based on the Groningen Pregnancy Outcome Data-
base, the distribution of GOS was observed to be distrib-
uted according to a Poisson distribution of mean A (and
equal variance) close to 1. Assuming a Poisson parameter
of A=1, a ratio rate of 0.7 and a baseline final correlation
in the range 0<R<0.2, we got the following results on
several R and A values in an acceptable pessimistic—opti-
mistic range.

Table 4 Sample size calculation

r=0 r=0.2 r=0.4 r=0.6 r=0.8
0.5 442 425 372 283 160
1 221 213 186 142 80
1.5 148 142 124 95 54

Rows are values of events. Columns are values of rho (r).

The most likely value without considering the decrease
of patients due to correlation corresponds to 221 patients
per group (table 4). We expect a drop out in the short-
term phase A of less than 10% after inclusion. Neverthe-
less, we will include an extra number of 29 patients per
group, increasing the total sample size up to 500 patients
(250 per group).

Data handling

All data will be recorded in the eCRF Castor EDC. This
record will be filled in by the investigator or research
nurses. Data will be handled confidentially and accord-
ingly to the guidelines for privacy protection (AVG). The
subjects will be identified only by a subject code in the
e¢CRF and any electronic database. Data will be stored for
a minimum of 15 years after study closure.

Data analysis

Data will be presented as means with SD and/or 95%
CI or as median with IQR, depending on distribution.
Categorical data will be assessed by comparing the event
rates in the two groups using a > test. For continuous
data, differences between groups will be assessed with the
Student’s t-test if the outcome is normally distributed and
with the Mann-Whitney U test if not normally distributed.

The primary analysis will be by intention to treat. The
effect of metformin on GOS will be studied using linear
models. A list of covariates will be prespecified prior
to code breaking. During the follow-up before the end
of the study, and in any event before the final blinded
review, this model will be fitted to the ongoing data by
first applying existing predictors, and second adding
possible variables, currently not investigated.

The aggregated secondary outcome measures MOS
and NOS will be analysed similar to the primary outcome
measure. Additionally, we aim to perform a stratified
analysis based on known GDM phenotypes: predomi-
nantly insulin resistant and predominantly insulin defi-
cient based on OGTT results.”® * A p value of 0.05 will be
considered significant in all analyses.

Ethics and dissemination

The study protocol was approved by the Central
Committee on Research Involving Human Subjects in
the Netherlands and approval of the institutional review
board of each participating centre will be obtained. The
content authority of this trial was the Dutch Ministry of
Public Health, Well-being and Sports (VWS). Changes
in the study protocol will be submitted to the CCMO in
amendments for approval.

Interim analyses are planned at the end of phase A, B
and C, with their own coprimary endpoints. Results of
these interim analyses will be published in peer-reviewed
journals. Additional analyses will be reported separately.
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