OULU 2021

D 1597

_ UNIVERSITATIS OULUENSIS

Sanna Eteldinen

GESTATIONAL DIABETES

SCREENING, DIAGNOSIS AND CONSEQUENCES

Y

i1l “
U ’
- =

F i a8l

1]

|
| 4 H
: i
=

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,

FACULTY OF MEDICINE;

FACULTY OF SCIENCE;

MEDICAL RESEARCH CENTER;

OULU UNIVERSITY HOSPITAL;

FINNISH INSTITUTE FOR HEALTH AND WELFARE






ACTA UNIVERSITATIS OULUENSIS
D Medica 1597

SANNA ETELAINEN

GESTATIONAL DIABETES

Screening, diagnosis and consequences

Academic dissertation to be presented with the assent of
the Doctoral Training Committee of Health and
Biosciences of the University of Oulu for public defence in
Auditorium 4 of Oulu University Hospital on 29 January
2021, at 12 noon

UNIVERSITY OF OULU, OULU 2021



Copyright © 2021
Acta Univ. Oul. D 1597, 2021

Supervised by
Docent Marja Vaarasmaki
Professor Eero Kajantie

Reviewed by
Docent Riitta Luoto
Docent Saila Koivusalo

Opponent
Docent Helena Fadl

ISBN 978-952-62-2816-7 (Paperback)
ISBN 978-952-62-2817-4 (PDF)

ISSN 0355-3221 (Printed)
ISSN 1796-2234 (Online)

Cover Design
Raimo Ahonen

PUNAMUSTA
TAMPERE 2021



Eteldinen, Sanna, Gestational diabetes. Screening, diagnosis and consequences
University of Oulu Graduate School; University of Oulu, Faculty of Medicine, Faculty of
Science; Medical Research Center; Oulu University Hospital; Finnish Institute for Health and
Welfare

Acta Univ. Oul. D 1597, 2021

University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Gestational diabetes mellitus (GDM) is defined as hyperglycaemia with onset or first recognition
in pregnancy. Besides adverse maternal and neonatal perinatal outcomes, it is also associated with
long-term consequences, such as type II diabetes, metabolic disturbances and cardiovascular
diseases. Although the impact of GDM on maternal and foetal health is well known, there is no
consensus concerning its screening policy and diagnostic criteria.

In Finland, risk factor-—based GDM screening was changed to comprehensive screening in
2008 by Finnish Current Care Guidelines (CCGs). The aim of these guidelines was to standardise
the screening method, diagnosis, treatment and also prevention of GDM, as well as of type II
diabetes mellitus and obesity.

The aim of the present study was to evaluate the effect of the shift from risk factor-—based to
comprehensive screening on the prevalence and maternal and neonatal outcomes of GDM
pregnancies in Finland, as well as to compare pregnancy outcomes according to International
Association of Diabetes and Pregnancy Study Group (IADPSG) and National Institute for Health
and Care Excellence (NICE) GDM criteria. We also explored the relationship between the number
of abnormal values in the oral glucose tolerance test (OGTT) and pregnancy and perinatal
complications.

The shift from risk factor-—based to comprehensive GDM screening led to a significant
increase in women with mild GDM who were more often primiparous, had a lower BMI and were
less often treated with insulin. Comprehensive GDM screening led to decreased birth weight and
macrosomia rates among newborns. Although the prevalence of neonatal hypoglycaemia
increased, newborns required care in a neonatal ward less often due to their mild form of
hypoglycaemia.

When comparing the IADPSG and NICE criteria, GDM prevalence was 2.4-fold higher
according to the IADPSG criteria compared with the NICE criteria, but the macrosomia rate did
not differ. Birth weight and the caesarean section rate increased already with mild, untreated
hyperglycaemia. In the last study, which examined the significance of the number of abnormal
OGTT values to pregnancy and perinatal outcomes, all women with GDM had an increased risk
of delivery induction, regardless of the number of abnormal values, but the risk of caesarean
section or macrosomia increased only after two or three abnormal values.

Keywords: diagnosis, gestational diabetes mellitus, oral glucose tolerance test, screening
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Tiivistelma

Raskausdiabetes on sokeriaineenvaihdunnan hiirio, joka todetaan ensimmaéisen kerran raskau-
den aikana. Siihen liittyy lisdéntynyt raskauskomplikaatioiden riski seké didin ja lapsen vaara
sairastua myShemmin tyypin 2 diabetekseen, metaboliseen oireyhtyméén sekd syddn- ja verisuo-
nitauteihin. Vaikka raskausdiabeteksen hoidon hyodyt didille ja lapselle on tunnettu jo pitkédn,
kansainviélistd yksimielisyyttd sen seulonnasta tai diagnoosikriteereisti ei ole.

Suomessa julkaistiin vuonna 2008 raskausdiabeteksen Kdypa hoito -suositus, jossa aiemman
riskitekijdpohjaisen seulonnan tilalle suositellaan yleistd seulontaa. Suosituksen tavoitteena on
yhtendistéd seulonta- ja diagnoosikriteerit sekd hoito, turvata lapsen ja didin hyvinvointi sekd
ehkdistd raskausdiabeteksen toistumista, lihavuutta ja tyypin 2 diabeteksen kehittymista.

Viitoskirjatutkimuksen tarkoituksena oli selvittdd Kéypa hoito -suosituksen vaikutusta ras-
kausdiabeteksen yleisyyteen seké ditien ja lasten terveyteen. Syntyneiden lasten rekisterin ja
laboratoriotulosten avulla selvitettiin International Association of Diabetes and Pregnancy Stu-
dy Group (IADPSG) ja National Institute for Health and Care Excellence (NICE) -seulontame-
netelmien sekd sokerirasitustestin poikkeavien arvojen lukuméirdn vaikutusta raskausdiabetek-
sen yleisyyteen sekd naisten ja vastasyntyneiden terveyteen.

Seulontamuutoksen myo6ti raskausdiabeteksen esiintyvyys Suomessa nousi 24% vuosina
2006-2010. Yleiselld seulonnalla diagnosoidut raskausdiabeetikot olivat useammin normaalipai-
noisia, ensisynnyttéjid ja tarvitsivat harvemmin insuliinihoitoa. Lasten syntymépainot olivat pie-
nemmit kuin riskitekijapohjaisen seulonnan aikana. Vastasyntyneilld todettiin enemmaén hypog-
lykemiaa, mutta heiddt pystyttiin useammin hoitamaan vierihoito-osastolla.

Kéaypa Hoito -suositusta tiukemmilla, maailmalla laajalti kdytetyillda IADPSG-kriteereilld
diagnosoidun raskausdiabeteksen esiintyvyys oli 2,4-kertainen NICE-kriteerien mukaan diag-
nosoitujen madrddn verrattuna. Lasten syntymépaino ja keisarileikkausten méaéra olivat keski-
médrdistd suurempia jo Suomessa kaytettdvid raja-arvoja matalammilla glukoositasoilla.

Niilla naisilla, joilla sokerirasituskokeessa oli yksi poikkeava glukoosiarvo, ainoastaan syn-
nytyksen kdynnistdmisen riski oli muita naisia suurempi. Kun poikkeavia arvoja oli kaksi tai
kolme, my®s sikién makrosomian ja keisarileikkauksen riski oli suurentunut.

Asiasanat: diagnoosi, raskausdiabetes, seulonta, sokerirasitustesti
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1 Introduction

Gestational diabetes mellitus (GDM) is a common pregnancy-related disorder that,
depending on screening policies, diagnostic cut-offs and study populations, affects
1-40% of pregnancies (Behboudi-Gandevani, Amiri, Bidhendi Yarandi, &
Ramezani Tehrani, 2019; Hildén, Magnuson, Hanson, Simmons, & Fadl, 2020;
Mclntyre et al., 2018). GDM can predispose women to several complications
during pregnancy and delivery — for example, hypertensive disorders, preterm
delivery, delivery induction, vaginal tears and increased rate of caesarean sections
(Catalano et al., 2012). For newborns, exposure to maternal hyperglycaemia in
utero increases the risk for macrosomia, hypoglycaemia, hyperbilirubinemia, birth
traumas, asphyxia and respiratory distress syndrome (Billionnet et al., 2017).
Detection and treatment of GDM offers benefits to both the mother and her
offspring during and shortly after pregnancy (Crowther et al., 2005; Landon et al.,
2009).

In the long term, GDM is strongly associated with increased risk for type II
diabetes, cardiovascular diseases and other metabolic disturbances (Di Cianni,
Lacaria, Lencioni, & Resi, 2018; Kramer, Campbell, & Retnakaran, 2019). In
addition, offspring exposed to maternal GDM also have a higher risk for the same
conditions (Kaseva et al., 2018; Kaseva et al., 2019; Kawasaki et al., 2018; Pirkola,
Pouta, Bloigu, Hartikainen, et al., 2010). It can be said that GDM represents the
first warning of imminent type II diabetes. While these associations have been
widely documented, the challenge is to prevent or postpone diabetes and its
complications, and especially to identify the risk group, women with GDM, in a
timely fashion.

Although the adverse effects of hyperglycaemia during pregnancy have been
known for decades, until now no consensus over its screening and diagnosis has
been reached. Basically, the diagnostic criteria of GDM were set according to their
ability to identify mothers at risk of subsequent diabetes (O'Sullivan & Mahan,
1964). In 2008, the Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO)
study showed that adverse pregnancy outcomes were associated with mild
hyperglycaemia as a continuous relationship (Metzger et al., 2008). This study was
the first to focus on the adverse perinatal outcome, not on the later risk, of type 11
diabetes for mothers. After the HAPO study, the International Association of
Diabetes and Pregnancy Study Group (IADPSG) suggested universal screening and
uniform diagnostic criteria. The ability to predict neonatal outcomes was first
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employed by the IADPSG to define the diagnostic criteria for hyperglycaemia
(Metzger et al., 2010).

The TADPSG made their GDM screening recommendations in 2010, and these
criteria are still under debate (Meltzer, Snyder, Penrod, Nudi, & Morin, 2010). The
World Health Organization (WHO), the American Diabetes Association (ADA) and
the Endocrine Society have accepted these IADPSG guidelines, but they have not
been adopted by the American College of Obstetricians and Gynecologists (ACOG),
the UK National Institute of Clinical Excellence (NICE) or the US National
Institute of Health (NIH) (ACOG, 2018; ADA, 2019; Blumer et al., 2013; Colagiuri
et al., 2014; Vandorsten et al., 2013).

The criteria for the comprehensive screening and diagnosis of GDM used by
the IADPSG, which include a lower threshold of the 75-g oral glucose tolerance
test (OGTT) than previously globally used, have led to concerns about potential
over-diagnosis of GDM, increased health care costs and even medicalisation of
otherwise healthy pregnancies (Cundy, Ackermann, & Ryan, 2014; Meek, 2017).
Hence, in 2015, the NICE proposed substantially different criteria for the diagnosis
of GDM, with a higher fasting glucose value and a lower, two-hour value in the
OGTT (NICE, 2015). According to these guidelines, GDM is diagnosed after one
abnormal glucose concentration. However, its clinical significance for pregnancy
outcomes remains unclear.

In Finland, GDM screening was limited to women with risk factors until 2008.
However, up to one-half of women with GDM have been found to have no risk
factors and thus go undiagnosed during risk factor-based screening (Pdyhdnen-
Alho, Teramo, Kaaja, & Hiilesmaa, 2005). When new Finnish Current Care
Guidelines (CCGs) for screening and diagnosing GDM with different glucose
thresholds in the OGTT were introduced in Finland in 2008, it was recommended,
unlike previous policy, that all women except those with a very low GDM risk
should be tested via a 75-g OGTT (Kaaja, 2013). This policy was known to increase
the number of both screened women and women diagnosed with GDM, which was
expected to present a challenge to the health care system.

The aim of the present study was to evaluate the effect of the shift from risk
factor-based to comprehensive screening on the prevalence and maternal and
neonatal outcomes of GDM pregnancies in Finland, and to compare pregnancy
outcomes according to IJADPSG and NICE GDM criteria. We also explored the
relationship between the number of abnormal values in the OGTT and pregnancy
and perinatal complications.

20



2 Review of the literature

2.1 Definition of GDM

In 1882, Duncan published an article about puerperal diabetes (Duncan, 1882). At
the time, maternal mortality was as high as 60% among these pregnant women, and
perinatal mortality was 47%. The diagnosis of diabetes was in those days mainly
based on glucosuria (Hadden, 1998). The discovery of insulin in 1921 served as the
cornerstone of diabetes treatment and also improved maternal survival.

The term ‘gestational diabetes’ was first used in 1957 by Carrington and
colleagues (Carrington, Shuman, & Reardon, 1957). In 1964, O(Sullivan and
Mabhan created the classification of GDM (Hadden, 1998), which was based on
blood glucose values in the three-hour, 100-g OGTT and predicted the future risk
of developing diabetes; obstetric complications, however, did not receive any
attention (O’Sullivan & Mahan, 1964). Later, it was shown that GDM was also
associated with an increased rate of macrosomia and perinatal mortality (O'Sullivan,
Charles, Mahan, & Dandrow, 1973; O'Sullivan, Gellis, Dandrow, & Tenney, 1966).

GDM was defined for the first time as ‘glucose intolerance with recognition of
onset during pregnancy’ in the International Workshop-Conference on Gestational
Diabetes in the 1980s (ADA, 1980). Carpenter and Coustan mathematically
converted the original Somogyi-Nelson method-derived thresholds to glucose
oxidase-derived plasma values and created new criteria for GDM (Carpenter &
Coustan, 1982). The Fourth International Workshop-Conference on Gestational
Diabetes applied the Carpenter-Coustan Criteria (CCC) to both three-hour, 100-g
and two-hour, 75-g OGTTs (Metzger et al., 1998).

GDM has been further defined as any carbohydrate intolerance and/or
hyperglycaemia with onset or first recognition during pregnancy (Metzger &
Coustan, 1998). Currently, GDM has been described by the ADA as diabetes
diagnosed in the second or third trimester of pregnancy that was not clearly overt
diabetes prior to gestation (ADA, 2019).
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2.2 Pathophysiology of GDM

2.2.1 Glucose metabolism in normoglycemic pregnancy

Hormones regulate metabolic changes in normal pregnancy to prepare the mother
for pregnancy, labour and lactation, and to ensure the adequate transfer of nutrients
to the foetus. It is normal that mothers’ insulin resistance increases throughout
pregnancy, and that gluconeogenesis from the liver enables the control of adequate
fasting glucose levels (Catalano, Huston, Amini, & Kalhan, 1999). During normal
early pregnancy, maternal fasting glucose levels decrease and then stabilise or
begin to increase after 28 gestational weeks (Lain & Catalano, 2007). By the end
of the third trimester, insulin sensitivity decreases by 50% and hepatic glucose
production increases by 30% (Catalano et al., 1999). These changes are related to
increasing insulin secretion by 200%. Other hormones are also responsible for
pregnancy-related metabolic changes, like oestrogen, progesterone, cortisol,
prolactin and glucagon (Di Cianni, Miccoli, Volpe, Lencioni, & Del Prato, 2003).

2.2.2 Glucose metabolism in GDM

GDM develops when the metabolic changes in normal pregnancy fail to offset
increased insulin resistance and/or the defective function of pancreatic beta cells,
resulting in hyperglycaemia. Women who develop GDM are already more insulin-
resistant before pregnancy compared with normoglycemic pregnant women
(Buchanan, Xiang, Kjos, & Watanabe, 2007; Catalano, Avallone, Drago, & Amini,
1993; Catalano et al., 1999).

Inadequate insulin secretion is most easily demonstrated in late pregnancy,
when insulin requirements are uniformly high and differ only slightly between
normal women and women with GDM (Buchanan et al., 2007). B-cell dysfunction
seems to play a role in the development of hyperglycaemia during pregnancy
compared to a non-pregnant state (Catalano et al., 1999). During pregnancy,
hyperglycaemia appears when B-cells become too exhausted to produce enough
insulin to overcome increasing insulin resistance caused by mainly placental
hormones and adipose tissue.

Usually, GDM women are considered together, as a single group. However,
GDM is a heterogenous disease, with hyperglycaemia resulting from either
decreased insulin sensitivity (51%) or decreased insulin secretion (30%), or an
overlap between these conditions (18%) (Powe et al., 2016). GDM women with
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insulin sensitivity as the main problem appear to be at high risk for foetal
macrosomia and GDM-associated adverse outcomes (Powe et al., 2016).
Insufficient B-cell function in pregnancy can be a consequence of the same
condition that results in hyperglycaemia in general: autoimmune diseases,
monogenic causes and chronic insulin resistance due to various causes (Buchanan
et al., 2007).

2.3 Screening and diagnosing GDM

2.3.1 Principles of disease screening

In 1968, the WHO published the book, Principles and Practice of Screening for
Disease, the screening guidelines of which (Table 1) are still applied today (Wilson
& Jungner, 1968).

Table 1. Wilson and Jungner criteria for disease screening.

pd
o

Criteria

The condition should be an important health problem.

There should be a treatment for the condition.

Facilities for diagnosis and treatment should be available.

There should be a latent stage of the disease.

There should be a test or examination for the condition.

The test should be acceptable to the population.

The natural history of the disease should be adequately understood.
There should be an agreed policy on whom to treat.

© © N O g b~ W N -

The total cost of finding a case should be economically balanced in relation to medical expenditure
as a whole.
10 Case-finding should be a continuous process, not just a “once and for all” project.

Screenings to promote health have a long tradition in Finland, including breast and
cervical cancer screening, and prenatal screening of chromosomal and structural
abnormalities. Implementing a new national screening test demands a lot of
preparatory work and the continuous evaluation of the health benefits, costs and
societal impacts of screening. Some screenings, such as GDM screening, have been
initiated by health care professionals without particular steering and evaluation. In
these cases, the effectiveness of screening has also been assessed afterwards. There
must be a balance between the advantages and disadvantages of the screenings, and
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the implementation of and participation in them and, above all, their effectiveness
at the population level must be shown (Sauni, 2014).

The purpose of screening is to identify asymptomatic individuals with a high
probability of having or developing a specific disease. A diagnostic test can be
administered to all individuals as a one-step process or a two-step process, in which
the first step identifies individuals at increased risk for the disease so that, in step
two, diagnostic testing can be limited to high-risk populations. The ideal screening
test should have a high detection rate and a low false positive rate (Jergensen,
Hedley, Gjerris, & Christiansen, 2014). The benefits of the screening include
decreasing harms that can be performed of missing the diagnoses of the screened
disease or condition. For GDM, its diagnosis followed by appropriate counselling
and therapy can decrease maternal and foetal morbidity, particularly macrosomia,
shoulder dystocia and pre-eclampsia.

2.3.2 Screening of GDM

Although there is increasing awareness of the impact of GDM on maternal and
foetal health, there is no global consensus concerning its screening policy and
diagnostic criteria. In 1964, the diagnostic criteria of GDM were set according to
their ability to identify mothers at risk of subsequent diabetes (O'Sullivan & Mahan,
1964). A two-step method for GDM screening was developed, which consisted of
a 50-g glucose challenge test (GCT) followed by the measurement of the glucose
level one hour later. If the glucose level exceeded a threshold level of 7.2 mmol/l,
a second step involving a three-hour, 100-g OGTT was undertaken. The diagnostic
cut-off values of the 100-g OGTT were 5.0, 9.1, 8.0 and 6.9 mmol/l at fasting, one
hour, two hours and three hours, respectively. At least two abnormal values were
needed to diagnosis GDM. During that time, whole venous blood was used instead
of the venous plasma typically used today. These criteria aimed to identify women
at risk of subsequent type II diabetes, as women with GDM had a 22.6% risk of
developing type II diabetes in the eight years following pregnancy. The prevalence
of GDM was around 2% at that time.

Glycated haemoglobin (HbAlc) in the second or third trimester has also been
studied as a screening test for GDM in risk factor-based and universal screening.
In three different studies, HbAlc thresholds of 5.0, 5.3, 5.5 and 7.5% were
evaluated using different diagnostic criteria for GDM with no clear relationship
between HbAlc level and GDM (Agarwal, Dhatt, Punnose, & Koster, 2005;
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Agarwal, Hughes, Punnose, Ezimokhai, & Thomas, 2001; Rajput, Yogesh, Rajput,
& Nanda, 2012).

In 2008, the multinational HAPO study examined associations between
maternal glucose tolerance and neonatal outcomes in an unprecedentedly large
sample of over 23 000 women (Metzger et al., 2008). The study showed a
continuous relationship of maternal glucose to birth weight and macrosomia. As
maternal glucose concentrations rise, the risk of macrosomia and other
complications increases.

Based on the results of the HAPO study, the IADPSG published their
guidelines in 2010 (Metzger et al., 2010). In their recommendations, the IADPSG
set cut-off points for GDM whereby the key outcomes of the HAPO study (birth
weight, cord C-peptide level, percent body fat above the 90th percentile) were
increased by 1.75-fold compared to women with mean glucose concentrations for
the population. For the first time, glucose thresholds for the diagnosis of GDM were
based upon adverse perinatal outcome instead of future risk of type II diabetes.

After publishing the TADPSG criteria, many organisations’ guidelines,
including those of the ADA, the WHO and The International Federation of
Gynecology and Obstetrics (FIGO), adopted these criteria in the screening and
diagnosis of GDM (ADA, 2019; Metzger et al., 2010; WHO, 2014). However,
several organisations, including the NICE, the ACOG Bulletin, the NIH and the
Society of Obstetricians and Gynaecologists of Canada (SOCG), did not support
the IADPSG criteria because of the alleged major increase in health care costs and
resource allocation (ACOG, 2018; Berger et al., 2016; NICE, 2015; NIH, 2013).
For example, the NICE proposed alternative criteria for the diagnosis of GDM,
with a higher fasting glucose value and a lower, two-hour value than the values
specified by the IADPSG (NICE, 2015).

2.3.3 Risk factor-based or universal screening?

GDM screening methods can involve a one-step approach with a two-hour, 75-g
risk factor-based (NICE, 2015) or universal (IADPSG) (Metzger et al., 2010)
OGTT. In risk-factor based screening, the most common risk factors are maternal
age, overweightness or obesity, prior GDM, previous macrosomic offspring,
multiparity, family history of diabetes, and high-risk ethnicity (Farrar, Simmonds,
Bryant, Lawlor, et al., 2017; Poyhonen-Alho et al., 2005; Saeedi, Hanson, Simmons,
& Fadl, 2018).
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Risk factor-based screening for GDM has been found to be poorly predictive
of GDM (Poyhonen-Alho et al., 2005; Saeedi et al., 2018). It has been shown that
up to 40% of GDM cases would remain undiagnosed with risk factor-based
screening compared to universal screening. In the Screening for Pregnancy
Endpoints (SCOPE) retrospective study, 2 428 healthy nulliparous women with
singleton pregnancies were recruited from Ireland and the UK (Murphy et al., 2016).
Compliance with risk factor-based screening for GDM was assessed in terms of the
prevalence of risk factors and GDM among the study participants. The results
showed poor compliance with risk factor-based screening for GDM. According to
NICE guidelines, 27% (650) of the women had one or more identifiable risk factors
as defined by the NICE, yet only 60.8% of these women were actually screened.
Additionally, 261 (14.6%) women had no risk factors but were still screened for
GDM. Of those who did not have any risk factor, 7.7% (20) were diagnosed with
GDM. In conclusion, risk factor-based screening is currently described in the
literature as controversial, inadequate and inconsistent (Avalos, Owens, & Dunne,
2013; Dahanayaka et al., 2012; Murphy et al., 2016; Reece, Leguizamoén, &
Wiznitzer, 2009).

Screening guidelines vary globally from no routine to universal screening, in
which all pregnant women undergo screening. In Finland, GDM screening was
limited to women with risk factors until 2008. However, up to one-half of women
with GDM have been/were found to have no risk factors and to thus go undiagnosed
during risk factor-based screening (P6yhonen-Alho et al., 2005). When new CCGs
to screen and diagnose GDM were introduced in Finland in 2008 (and updated in
2013), it was recommended, in contrast to previous policy, that all women except
those with a very low GDM risk should be tested via a 75-g OGTT (Kaaja, 2013).

2.3.4 Glucose threshold for diagnosis of GDM

GDM represents one part of a continuum of maternal hyperglycaemia (Metzger et
al., 2008). There are no unanimously accepted international criteria for diagnosis
or screening, and existing guidelines may vary considerably even between high-
income countries (Farrar, Simmonds, Bryant, Lawlor, et al., 2017). Glucose
thresholds and test types are presented in Table 2. The risk of adverse pregnancy
outcomes increases in tandem with increasing glucose values in OGTTs without
any clear thresholds (Metzger et al., 2008).
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Table 2. Plasma glucose thresholds for the diagnosis of GDM according to different
guidelines.

Organisation Year Test Fasting 1-hour 2-hour 3-hour
(mmol/l) (mmol/l) (mmol/l) (mmol/l)
O’Sullivan? 1964 100-g OGTT 5.0 9.2 8.1 6.9
WHO? 1999 75-g OGTT 7.0 - 7.8 -
ADA? 2003 75-g OGTT 5.3 10.0 8.6 -
Finnish CCG? 2008 75-g OGTT 5.3 10.0 8.6 -
IADPSG? 2010 75-g OGTT 5.1 10.0 8.5 -
WHO? 2014 75-g OGTT 5.1 10.0 8.5 -
NICE?® 2015 75-g OGTT 5.6 - 7.8 -

"Values measured in whole blood, 2two or more values required for GDM diagnosis, ® one value required
for GDM diagnosis.

The one-step, two-hour, 75-g OGTT is widely used, even though the 100-g OGTT
has been popular in the US for many years (Meek, 2017).

2.3.5 Number of abnormal values in the OGTT

Most of the screening guidelines for GDM require only one abnormal value in the
OGTT for the diagnosis of GDM (Meck, 2017). However, some institutes, like the
ACOG, confirm GDM diagnosis when at least two glucose values in the OGTT are
abnormal (ACOG, 2018).

It has also been debated whether women with one abnormal value in the OGTT
are at increased risk for adverse pregnancy outcomes (Roeckner, Sanchez-Ramos,
Jijon-Knupp, & Kaunitz, 2016). In the meta-analysis of this issue, women with only
one abnormal value in the two-step, three-hour, 100-g OGTT had a significantly
increased risk for macrosomia, neonatal hypoglycaemia, caesarean section,
pregnancy-induced hypertension, neonatal respiratory distress syndrome, neonatal
intensive care submission and an Apgar score < 7 at five minutes. However, these
women were not diagnosed with GDM and hence were not treated.

The HAPO study found a 17.8% prevalence of GDM, and approximately 70%
of these women had only one abnormal value in the 75-g OGTT (Sacks et al., 2012).
Despite this, the authors of the study found a linear relationship between maternal
glucose concentrations and adverse pregnancy outcomes.
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2.3.6 IADPSG

By using the data from the HAPO study (Metzger et al., 2008), the IADPSG was
first employed to define diagnostic criteria to predict neonatal outcomes. The
IADPSG’s diagnostic cut-off values were calculated based on the HAPO results as
the glucose values at which the odds for birth weight, primary caesarean section
delivery, clinically defined neonatal hypoglycaemia, cord C-peptide and percent
body fat of the newborn above the 90th percentile reached 1.75 times the estimated
odds of these outcomes above the mean glucose values (Metzger et al., 2010;
Metzger et al., 2008). However, these IADPSG guidelines do not take into account
important clinical maternal outcomes, such as hypertensive disorders in pregnancy
or the requirement for induction of delivery, which are the key clinical criteria of
concern to clinicians.

The WHO and the ADA have adopted the IADPSG criteria for gestational
diabetes, and a large number of other countries worldwide currently use these
criteria (ADA, 2019; WHO, 2014). Several studies have shown that the use of
IADPSG criteria is associated with increased GDM prevalence but also with
improved pregnancy outcomes, presumably by permitting the treatment of a greater
number of women at risk of pregnancy complications (Black, Sacks, Xiang, &
Lawrence, 2010; Djelmis et al., 2016; Duran et al., 2014; Meek, Lewis, Patient,
Murphy, & Simmons, 2015). The prevalence of gestational hypertension,
prematurity and caesarean sections, as well as the prevalence of large for
gestational age (LGA) and small for gestational age (SGA) infants, were reduced,
and fewer newborns presented one-minute Apgar scores < 7.

Using the IADPG criteria, it is recommended that all pregnant women should
be screened with a 75-g OGTT at 24-28 gestational weeks. The glucose thresholds
for diagnosis of GDM are fasting > 5.1 mmol/l, one-hour > 10.0 mmol/l and two-
hour > 8.5 mmol/l.

2.3.7 NICE

The UK NICE proposed alternative criteria for the diagnosis of GDM in 2015
(NICE, 2015). Previous guidelines in 2008 recommended a fasting glucose
threshold of 7.0 mmol/l. After the IADPSG criteria, the NICE recommended a new
set of diagnostic criteria for GDM based upon cost-effectiveness measures and the
standard costs of complications. According to 2015 NICE guidelines, the cut-off
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values for GDM in the 75-g OGTT are fasting glucose > 5.6 mmol/l and a two-hour
value > 7.8 mmol/l (one-hour value not included).

The NICE recommends a risk factor-based screening for GDM. Women with
obesity, previous GDM, previous macrosomic offspring (> 4.5 kg), a first-degree
relative with diabetes, or an ethnic origin associated with a high risk of diabetes
should be tested with a 75-g OGTT as soon as possible, as well as a further OGTT
at 2428 gestational weeks if the results of the first OGTT are normal (NICE, 2015).

The NICE 2015 criteria have faced criticism because these thresholds were
derived theoretically from a few studies reporting the cost-effectiveness of different
approaches to the diagnosis and screening of GDM (Meek, 2017) In addition,
important adverse outcomes, such as macrosomia or long-term risks, were not
included in the analysis.

2.3.8 GDM screening in Finland

Until 2008, GDM risk factor-based screening was used in Finland (risk factors are
shown in Table 3), and the diagnostic values and the number of abnormal values
needed for diagnosis of GDM varied between hospital districts (Teramo, 2006).
According to the national CCGs launched in 2008 and updated in 2013, it was
recommended that all women except those with a very low risk of GDM be
screened for GDM by comprehensive screening (Kaaja, 2013) (Table 3). Thereafter,
for the first time, consistent national guidelines for the screening and treatment of
women with GDM in both primary and special health care were implemented.

In both time periods, screening for GDM was performed and diagnosis was
made via a standard two-hour, 75-g OGTT with samples obtained at baseline after
overnight fasting and at one and two hours after the glucose load. The test was
mainly performed between the 24th and 28th gestational week. In both screening
policies, it was recommended that an OGTT be performed for the first time between
the 12th and 16th gestational week for high-risk groups (before 2008: prior GDM;
after 2008: prior GDM, BMI > 35, polycystic ovary syndrome with insulin
resistance). If this test was normal, then it would be repeated between the 24th and
28th gestational week.

In both time periods, screening for GDM was performed and diagnosis was
made via a standard two-hour, 75-g OGTT with samples obtained at baseline after
overnight fasting and at one and two hours after the glucose load. The test was
mainly performed between the 24th and 28th gestational week. In both screening
policies, it was recommended that an OGTT be performed for the first time between
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the 12th and 16th gestational week for high-risk groups (before 2008: prior GDM;
after 2008: prior GDM, BMI > 35, polycystic ovary syndrome with insulin
resistance). If this test was normal, then it would be repeated between the 24th and
28th gestational week.

Table 3. Finnish GDM screening guidelines.

Screening method Indication for OGTT
Risk factor-based screening Risk factor-based screening for those with:
e Prior GDM

o Overweight (BMI > 25 kg/m?)

e Age over 40 years

e Previous macrosomic offspring (4 500 g or more)

e Suspected macrosomia in the current pregnancy

Comprehensive screening All women except those with very low GDM risk:

o Primiparous: age < 25 years, BMI < 25 kg/m?, no family
history of diabetes

e Multiparous: age < 40 years, BMI < 25 kg/m?, no previous
macrosomic offspring

The OGTT test is mainly performed between the 24th and 28th week of gestation. In both screening
policies, an OGTT is recommended for the first time between the 12th and 16th gestational week for
high-risk groups (before 2008: prior GDM; after 2008: prior GDM, BMI > 35, polycystic ovary syndrome
with insulin resistance) and, if this test is normal, a repeat OGTT at 24—28 gestational weeks.

In both time periods, screening for GDM was performed and diagnosis was made
via a standard two-hour, 75-g OGTT with samples obtained at baseline after
overnight fasting and at one and two hours after the glucose load. The test was
mainly performed between the 24th and 28th gestational week. In both screening
policies, it was recommended that an OGTT be performed for the first time between
the 12th and 16th gestational week for high-risk groups (before 2008: prior GDM;
after 2008: prior GDM, BMI > 35, polycystic ovary syndrome with insulin
resistance). If this test was normal, then it would be repeated between the 24th and
28th gestational week.

GDM was diagnosed during both screening periods if the venous plasma
glucose concentration was 5.3 mmol/l or more at baseline, 10.0 mmol/l or more at
one hour, or 8.6 mmol/l or more at two hours after the glucose load. During both
periods, the diagnosis of GDM was based on one or more abnormal values in the
OGTT.

According to the national guidelines, women with one or more abnormal
OGTT values received individualised dietary and lifestyle counselling in maternal
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welfare clinics and thereafter began glucose self-monitoring. Insulin therapy at the
delivery hospital was considered if self-monitored plasma glucose concentrations
repeatedly exceeded the target levels (< 5.5 mmol/l fasting < 7.8 mmol/l one-hour
postprandial) despite the dietary intervention. The use of oral glycaemic agents was
occasional and not primarily recommended by the guidelines (Kaaja, 2013).

2.4 Prevalence

The prevalence of GDM varies worldwide, ranging from 1% to 31.5% of all
pregnant women (Zhu & Zhang, 2016). It recurs in 30—-84% of women, and it is
increasing in prevalence worldwide (Behboudi-Gandevani, Amiri, Bidhendi
Yarandi, & Ramezani Tehrani, 2019; Eades, Cameron, & Evans, 2017; Hildén,
Magnuson, Hanson, Simmons, & Fadl, 2020; MclIntyre et al., 2018). When using
the IADPSG criteria, the frequency of GDM has varied from 9% to 26% (Lapolla
& Metzger, 2018). The prevalence of GDM also varies among racial and ethnic
groups, with higher rates in African American, Hispanic American, Native
American, Pacific Islander, and South or East Asian women than in white women
(Ferrara, 2007; Yuen, Wong, & Simmons, 2018).

Prevalence is difficult to estimate as rates vary from study to study due to a
lack of accepted diagnostic criteria and differences in screening procedures. An
increase in prevalence has been found with increasing maternal age and depending
on the year of data collection. Diagnostic criteria, country and gestational week at
testing have also been found to have an effect on GDM prevalence (Eades et al.,
2017).

The large variation in estimated GDM prevalence is due to different screening
strategies, and direct comparisons between countries is also difficult because many
countries do not perform systematic screening for GDM, and practices often
diverge from guidelines. For example, among Nordic countries, Sweden has the
most restrictive screening for GDM, resulting in a very low overall prevalence of
1% (Hildén et al., 2020).

In Finland, the number of deliveries has been in continuous decline since 2011;
and in 2019, 45 265 children were born. After Finland’s publication of CCGs in
2008, the number of OGTTs performed from year to year has increased. In addition,
the prevalence of GDM is continuously rising, a trend which appears to be a global
phenomenon.
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Fig. 1. The rate of performed OGTTs and pathological OGTTs in Finland in 2006 to 2019.
Unpublished data from the Finnish Medical Birth Register, Finnish Institute for Health
and Welfare (THL).

2.5 Risk factors of GDM

The aetiology of GDM is multifactorial. Several clear risk factors can combine to
initiate the onset of GDM. Increasing age, overweightness or obesity, family history
of diabetes, ethnicity and previous GDM are proposed major risk factors of GDM
(Chen et al., 2015; Mclntyre et al., 2019; Yuen et al., 2018; C. Zhang, Rawal, &
Chong, 2016). The GDM risk increases 4% per unit of increase in BMI (Najafi et
al., 2019). Gestational weight gain above the local recommendations has been
associated with a lower risk of infants being small for gestational age and preterm
birth, and a higher risk for macrosomia and caesarean section, but also with higher
risk of adverse maternal and infant outcomes (Goldstein et al., 2017). Specific high-
risk ethnicities include Hispanics, Africans, Native Americans, South and East
Asians, Pacific Islanders and Indigenous Australians (Yuen et al., 2018). Also,
physical inactivity and diet quality (frequent consumption of potatoes,
meat/processed meats and protein derived from animal sources) are associated with
an increased risk of GDM (Mijatovic-Vukas et al., 2018).

Genetic factors are also implicated in the aetiology of GDM. A number of
candidate genes have been identified, but knowledge from genome-wide
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association studies on genetic factors of GDM is still limited. Genetic
predisposition to GDM overlaps at least partially with type II diabetes (Wu, Cui,
Tam, Ma, & Wang, 2016). Maternal hypothyroidism is associated with several
pregnancy and perinatal complications, including GDM (Turunen et al., 2019).
Polycystic ovary syndrome (PCOS) has been considered to be a risk factor for
GDM, but the relevant data are inconclusive. Pregnancies in those with PCOS are
characterised by factors known to increase the prevalence of GDM, especially high
BMI and fertility treatment; as such, PCOS, unlike obesity, may not be an
individual risk factor for GDM (Mustaniemi et al., 2018; Palm et al., 2018). There
may also be an association between low vitamin D levels in the blood and GDM,
as low blood vitamin D increases GDM risk, whereas vitamin D supplementation
may ameliorate glycaemic control in women with GDM, but the study results are
slightly conflicting (Ojo, Weldon, Thompson, & Vargo, 2019; Y. Zhang, Gong, Xue,
Xiong, & Cheng, 2018).

2.6 Treatment of GDM

The main goal of GDM treatment is to maintain normoglycemia and thereby reduce
the adverse pregnancy outcomes of GDM. Traditionally, treatment of GDM has
been based on diet and lifestyle interventions, such as exercising, but if
normoglycemia is still not achieved, then medical treatment is offered. Self-
monitoring of glucose levels helps to reach and maintain normoglycemia. The
recommendations of target levels also vary between the guidelines (Table 4).

Table 4. Target glucose levels in GDM treatment according to the selected guidelines.

Guideline Year Capillary plasma glucose level (mmol/l)

Fasting 1-h postbrandial 2-h postbrandial
Finnish CCG' 2013 <55 <78 -
NICE? 2015 <53 <78 <6.4
FIGO? 2015 <53 <78 <6.8
ACOG* 2018 <53 <78 <86.7
ADA® 2019 <53 <78 <6.7

' Current Care Guidelines, 2 The National Institute for Health and Care Excellence (UK), 3 The
International Federation of Gynecology and Obstetrics, * The American College of Obstetricians and
Gynecologists, ® American Diabetes Association.

33



2.6.1 Effect of GDM treatment on pregnancy outcome

The goal of GDM treatment is to normalise maternal glycaemic levels; an effective
treatment is known to reduce adverse pregnancy outcomes (Crowther et al., 2005;
Landon et al., 2009). Euglycemia reduces the need for pharmacotherapy and
prevents excessive weight gain and adverse pregnancy outcomes, such as
macrosomia of the foetus. In previous studies from Sweden of women with marked
hyperglycaemia (a 75-g OGTT 9.0-11.0 mmol/l, two-hour level; capillary whole
blood), the risk of LGA infants (> mean + 2 SD) was found to be four- to seven-
fold (nontreated) (Fadl et al., 2015; Fadl, Ostlund, Magnuson, & Hanson, 2010;
Ostlund et al., 2003). Hypoglycaemia of the mother during pregnancy is more
typical when using stricter target glucose levels, but severe hypoglycaemia of the
mother is a rare event (Fadl et al., 2015).

Two large intervention studies demonstrated that the treatment of even mild
GDM reduces perinatal complications, such as macrosomia, caesarean section and
neonatal hypoglycaemia (Crowther et al., 2005; Landon et al., 2009). In a
multicentre randomised controlled trial (RCT), mild GDM was defined as a normal
fasting glucose < 95 mg/dl/5.3 mmol/l but with two or more values exceeding the
postbrandial thresholds of the Carpenter-Coustan criteria after a 100-g, three-hour
OGTT, which is a commonly used metric in the US (Landon et al., 2009). Women
were assigned to receive formal nutrition counselling, diet therapy and insulin if
required (treatment group) or usual prenatal care (control group). The results
showed that treating mild GDM resulted in reduced risk of foetal overgrowth,
shoulder dystocia, caesarean delivery and hypertensive disorders.

In another RCT from Crowther et al. with a group called ACHOIS (Australian
Carbohydrate Intolerance Study in Pregnant Women), women with ‘glucose
intolerance of pregnancy’ according to pre-1998 WHO criteria (fasting glucose
< 7.8 mmol/l and a two-hour, 75-g OGTT between 7.8 mmol/l and 11.1 mmol/l)
were randomised into treatment vs. no treatment groups (Crowther et al., 2005).
The results showed that treating these women with GDM with dietary advice,
glucose monitoring and insulin if necessary reduced serious perinatal morbidities,
including neonatal death, shoulder dystocia, bone fracture and brachial nerve palsy.

In a study from a Canadian centre (Nguyen, Yang, Mahone, & Godbout, 2016),
which is currently using even stricter GDM diagnostic criteria than stipulated by
the IADPSG, it was found that milder forms of hyperglycaemia that would not be
identified by IADPSG guidelines may benefit from treatment. Their findings also
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suggest a continuous association between adverse outcomes and maternal
hyperglycaemia.

2.6.2 Lifestyle treatment

Dietary treatment and exercise are the cornerstone of GDM treatment (Brown et al.,
2017). Carbohydrates are the main source affecting glucose levels, and both the
type and amount of carbohydrates are important. According to the Finland CCGs,
equal distribution of carbohydrates throughout the day, and restriction to less than
40-50% of energy, are recommended (Kaaja, 2013). Fat consumption should
account for 30-40% of energy intake, and polyunsaturated fatty acids should
account for two-thirds of energy intake. Recommendations for gestational weight
gain depend on the pre-pregnancy BMI. Physical exercise is generally
recommended as part of the lifestyle advice. Low- to moderate-intensity training
influences glucose levels and is safe for all pregnant women without complications
of pregnancy — for example, pre-eclampsia or SGA. For patients who fail to achieve
the target level of glycaemic control, pharmacologic therapy is considered (Langer,
2018).

2.6.3 Pharmacologic treatment

The standard pharmacotherapy for GDM, if adequate glucose target levels in self-
monitoring are not achieved, is insulin (Balsells et al., 2015). The prevalence of
insulin therapy among GDM mothers has varied globally from 10.8% to 35% (Fadl
et al., 2015; Meshel et al., 2016). Insulin use is more common among pregnant
women diagnosed with GDM early on in their pregnancy compared to women with
late-onset GDM (Immanuel & Simmons, 2017). Also, prior GDM, the number of
abnormal values in the OGTT, family history of diabetes, maternal age > 30 years
and pre-pregnancy BMI > 30 kg/m? have been reported to be associated with the
need for insulin treatment (Meshel et al., 2016; Sapienza, Francisco, Trindade, &
Zugaib, 2010).

Unlike oral glucose agents, insulin does not cross the placenta at a measurable
level (Dugan & Ma Crawford, 2019; Langer, 2018). Unlike insulin, the commonly
used oral glucose agent metformin crosses the placenta and is present at clinically
relevant concentrations in foetal and placental tissues (50-100% of maternal
concentrations) (Tarry-Adkins, Aiken, & Ozanne, 2019). Traditionally, neutral
protamine hagedorn (NPH) insulin has been used as a cornerstone of insulin
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treatment in combination with short-acting insulin for meals. Insulin analogues
lispro, aspart, detemir and glargine also appear to be effective and safe for the
treatment of GDM (Lepercq et al., 2012; Mathiesen et al., 2012; Nergaard,
Sukumar, Rafnsson, & Saravanan, 2018).

Oral drugs for GDM treatment have been thought to be a better alternative to
insulin due to their easier administration, lower cost and better acceptance.
Glibenclamide was considered to be a promising drug around 10 years ago,
especially in the US, where it replaced insulin as the more common
pharmacotherapy for GDM (Camelo Castillo et al., 2014). Later, however, it was
found to be worse for neonatal outcomes, leading to higher rates of respiratory
distress syndrome, hypoglycaemia, macrosomia and birth injury with
glibenclamide treatment compared to insulin (Camelo Castillo et al., 2015; L. Guo
etal., 2019). According to these study results, glibenclamide should not be used for
the treatment of women with GDM if metformin or insulin is available (Balsells et
al., 2015).

In 2017, the ACOG recommended the continued use of insulin as a first-line
therapy, and metformin as a reasonable second-line choice (ACOG, 2018). In a
Finnish RCT of 100 women, metformin treatment was not associated with an
increased risk of pregnancy or neonatal complications compared with insulin
treatment (Ijds et al., 2011). Also, network meta-analyses have suggested that
metformin has the highest probability of being the most effective treatment to
reduce the risk of the most adverse outcomes compared to insulin (Farrar,
Simmonds, Bryant, Sheldon, et al., 2017). However, 32—46% of metformin-treated
women have needed additional insulin treatment (Farrar, Simmonds, Bryant,
Sheldon, et al., 2017; Ijas et al., 2011; Rowan, Hague, Gao, Battin, & Moore, 2008).
This need for additional insulin was associated with maternal obesity, an earlier
need during pregnancy for pharmacotherapy and fasting hyperglycaemia in the 75-
g OGTT (Ijas et al., 2011). In addition, the side effects of treatment (mainly
gastrointestinal) with metformin are more common than those of insulin, and
consequently a higher rate of treatment failure can be attributed to metformin
treatment (Balsells et al., 2015).

In the literature, it has been reported that thousands of women have been treated
with oral glucose agents during pregnancy with no teratogenic effects on the foetus.
Following intrauterine exposure to metformin for the treatment of maternal GDM,
neonates are significantly smaller than neonates whose mothers were treated with
insulin during pregnancy (Ijis, Vairasmaki, Saarela, Keravuo, & Raudaskoski,
2015; Tarry-Adkins et al., 2019). Despite lower average birth weight, metformin-
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exposed children appear to be heavier until nine years of age compared to children
whose mothers were treated with insulin (Ijds et al., 2015; Tarry-Adkins et al.,
2019). Low birth weight and postnatal catch-up growth have also been reported to
be associated with adverse long-term cardio-metabolic outcomes (Tarry-Adkins et
al., 2019).

2.7 Consequences of GDM

Maternal genetic predisposition coupled with environmental and fetoplacental
factors initiates a chain of events affecting both mother and foetus. The increase in
plasma glucose effects a significant risk of complications to the mother, the foetus
and the newborn (Di Cianni et al., 2003). The gradient between maternal and foetal
glucose levels affects the passive transportation of high maternal glucose to the
foetus through the placenta (Desoye & van Poppel, 2015).

2.7.1 Mother

Short-term

GDM exposes mothers to several complications during pregnancy and labour.
There is a clear association between GDM and pre-eclampsia (Ostlund, Haglund,
& Hanson, 2004; Yogev, Xenakis, & Langer, 2004). Obesity is a major confounding
factor but does not explain the total excess risk for pre-eclampsia among GDM
women (Ostlund et al., 2004). Both GDM and obesity are independently associated
with adverse pregnancy outcomes, but their combination has a greater impact than
either condition alone (Ijés et al., 2019). The pre-eclampsia risk is 2.3 times higher
in GDM women (Yogev et al., 2004).

Many short-term consequences of GDM are associated with accelerated foetal
growth and macrosomia, which is in turn associated with greater risk for delivery
induction, preterm delivery and maternal birth canal trauma, such as vaginal
instrumental deliveries, vaginal tears, external and internal sphincter ruptures, and
increased rate of caesarean section (Catalano et al., 2012; Kong, Nilsson, Gissler,
& Lavebratt, 2019; Landon et al., 2011). Risk ratios for these adverse pregnancy
outcomes vary according to the diagnostic criteria used, i.e. WHO 1999 or IADPSG
criteria, but there are no similar studies about the NICE (Table 5).
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Table 5. Relative risks for pregnancy and perinatal outcomes in untreated women
according to the different GDM screening and diagnostic criteria based on the 75-g
OGTT as a diagnostic test.

Outcome WHO 1999' IADPSG?

LGA® 1.53 (1.39-1.69) 1.73 (1.28-2.35)
Pre-eclampsia 1.69 (1.31-2.18) 1.71 (1.38-2.13)
Caesarean section 1.37 (1.24-1.51) 1.23 (1.01-1.51)

"WHO 1999 diagnostic criteria for GDM: fasting = 7.0 mmol/l, 2h = 7.8 mmol/l, 2IADPSG diagnostic
criteria for GDM: fasting =2 5.1 mmol/l, 1h =2 10.0 mmol/l, 2h = 8.5 mmol/l, 3 as defined by the authors
(Wendland et al., 2012).

Long-term

GDM is frequently the first manifestation of increased risk of type II diabetes, as
up to two-thirds of women with a history of GDM are estimated to develop
subsequent type II diabetes in future years (T2DM) (Ferrara, 2007; Li et al., 2020;
Vounzoulaki et al., 2020). In a recent follow-up study of HAPO mothers and their
offspring, GDM with the IADPSG criteria was significantly associated with a
higher maternal risk for a glucose metabolism disorder over 11.4 years (W. L. Lowe,
Jr. et al., 2018). Among GDM mothers, 52.2% developed a glucose metabolism
disorder vs. 20.1% of mothers without GDM, odds ratio (OR) 3.44 (95% CI 2.85
to 4.14). The severity of GDM is associated with future diabetes risk. The main
factors related to diabetes risk are medically treated or early diagnosed GDM,
higher concentrations in HbA1C during pregnancy, multiparity, hypertensive
disorders during pregnancy, PCOS and preterm delivery (Hakkarainen et al., 2015;
Rayanagoudar et al., 2016).

Women with a history of GDM also have an increased risk of metabolic
syndromes and a two-fold higher risk of cardiovascular disease (Ijas et al., 2013;
Kramer et al., 2019; Pirkola, Pouta, Bloigu, Miettola, et al., 2010). The long-term
risk for cardiovascular disease in the case of those diagnosed with GDM according
to previous WHO criteria (two-hour plasma glucose > 7.8 mmol/l) was higher
compared to those diagnosed by the IADPSG criteria (fasting plasma glucose
> 5.1 mmol/l, one-hour = 10.0 mmol/l, two-hour > 8.5 mmol/l) (Lekva et al., 2015).

Due to the higher risk for type II diabetes, metabolic syndromes and
cardiovascular diseases, many guidelines recommend an OGTT and a lipid profile
check postpartum according to the individual risk estimate every 1-3 years (ADA,
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2019; Kaaja, 2013). Breastfeeding and avoiding obesity are also recommended to
avoid or delay the development of type II diabetes (Bajaj et al., 2017; Kaaja, 2013).

2.7.2 Offspring

Short-term

Exposure in utero to maternal diabetes can have several short-term consequences
due mainly to maternal hyperglycaemia and consequent foetal hyperinsulinemia.
Current evidence also supports the hypothesis that adult health and disease have
developmental origins, and that disorders in early-life environments prompt
metabolic imprinting that results in a greater risk of negative metabolic outcomes
later in life. (Burlina, Dalfra, & Lapolla, 2019) The most important short-term aim
for GDM treatment is to avoid foetal macrosomia, which is associated with several
foetal complications, such as birth traumas due to shoulder dystocia, respiratory
distress syndrome and perinatal asphyxia (Billionnet et al., 2017). GDM is also
associated with an increased risk for preterm birth, hypoglycaemia and
hyperbilirubinemia (Farrar, Simmonds, Bryant, Sheldon, et al., 2017; Metzger et
al., 2008; Voormolen et al., 2018).

Long-term

In addition to short-term consequences, children born from GDM pregnancies also
have an increased risk for later type II diabetes, metabolic syndrome,
cardiovascular disease and cognitive decline (Kaseva et al., 2018; Kaseva et al.,
2019; Metzger et al., 2008; Pirkola, Pouta, Bloigu, Hartikainen, et al., 2010; Wan,
Zhang, Li, Luan, & Liu, 2018). Across the maternal glucose spectrum, exposure to
higher levels of glucose in utero is significantly associated with childhood glucose
and insulin resistance independent of maternal and childhood BMI and family
history of diabetes (Scholtens et al., 2019). The offspring of mothers with GDM
have a four- to eight-fold increased risk of prediabetes and type II diabetes than
non-GDM mothers’ offspring, with a 20-year cumulative incidence rate of up to 20%
(Clausen et al., 2008). GDM has also been associated with an increased risk of
hypertension in offspring (Lu et al., 2019).
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2.8 Prevention

2.8.1 Prevention of GDM

Numerous studies have evaluated intervention strategies for GDM prevention. In a
review of GDM prevention studies from 2015, an effect of these intervention
strategies on the incidence of GDM was not found (Bain et al., 2015). However, in
2017, an updated Cochrane review including 23 studies found a moderate effect of
lifestyle interventions, such as health diet and physical activity, on reducing GDM,
preterm birth and gestational weight gain (Shepherd et al., 2017). Another
systematic review by Song and colleagues included 29 trials and found similar
effects on reducing the incidence of GDM (Song, Li, Leng, Ma, & Yang, 2016).

Among individual studies, the Australian LIMIT study has been the largest,
with 2 152 overweight or obese women (Dodd et al., 2014). The intervention did
not influence maternal outcomes, but it did reduce the number of newborns
weighing over 4 000 g in this study. In the European collaboration study DALI
(Vitamin D and Lifestyle Intervention for GDM prevention), which also included
obese women (n =436) and compared the effect of diet, exercise or combined
lifestyle intervention (Simmons et al., 2017), diet intervention improved healthy
eating, exercise intervention resulted in increased physical activity, and combined
intervention in addition to lifestyle improvement reduced gestational weight gain.
In relation to GDM prevention, however, all interventions were ineffective.

Notwithstanding, some successful intervention studies on the prevention of
GDM have been conducted. The randomised controlled study RADIEL from
Finland showed a 36% decrease in GDM incidence (Koivusalo et al., 2016). This
study recruited women with risk factors including obesity and a history of previous
GDM. Women in the intervention group increased their physical activity during
leisure time and also improved their dietary quality compared with women in the
control group. The incidence of GDM was 13.9% in the intervention group and
21.6% in the control group (95% CI 0.40-0.98%)

2.8.2 Prevention of type Il diabetes

As a risk factor for type II diabetes, GDM can also be seen as a window of
opportunity. Although it is clear that women with GDM are at increased risk of type
I diabetes, many studies have shown that by making lifestyle changes, these
women can reduce their risk of diabetes or prevent or delay the progression to type
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IT diabetes (Aroda et al., 2015; Ferrara et al., 2011; J. Guo, Chen, Whittemore, &
Whitaker, 2016). While the prevalence of type II diabetes is increasing rapidly, a
diagnosis of GDM represents an opportunity for early intervention to reduce the
burden of type II diabetes.

Pregnancy is often considered to be an optimal period for implementing
lifestyle changes, such as weight control, due to greater motivation on the part of
pregnant women. The Danish Lifestyle in Pregnancy study focused on obese
women with the aim of promoting weight control during pregnancy to reduce
gestational weight gain. And yet, no effect was found on postpartum weight
retention six months after delivery (Vinter, Jensen, Ovesen, Beck-Nielsen, &
Jorgensen, 2011). Similarly, the Norwegian Fit-for-Delivery study managed to
decrease gestational weight gain, but again no effect on postpartum weight was
found (Sagedal et al., 2017). The longest follow-up results came from the Finnish
study, Nelli, on women at high risk of GDM (Luoto & Kinnunen, 2011). In this
study, there were no effects on maternal metabolic outcomes seven years after
delivery either. However, in other Finnish study, RADIEL, on the effects of a
lifestyle intervention during pregnancy and first postpartum year, a lifestyle
intervention successfully reduced the incidence of impaired glucose regulation
postpartum (Huvinen et al., 2018).
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3

Aims of the study

The overall aim of the thesis was to assess the effect of the change in the GDM

screening policy on the prevalence and adverse pregnancy and perinatal outcomes

between different screening strategies.

More specifically, the study objectives were:

I

II

III

v

To evaluate the effect of the change in the gestational diabetes screening policy
in Finland from risk factor-based to comprehensive screening on the
prevalence and type of GDM and the characteristics of GDM pregnancies.
(Study D).

To evaluate the effect of the change in the national gestational diabetes
screening policy on perinatal outcomes, and how this change of policy affected
the need for care at a neonatal ward. (Study II).

To evaluate the impact of two different international screening criteria for
GDM, the IADPSG and the NICE, on the prevalence of GDM and perinatal
outcomes in Finland. (Study III).

To assess the effect of the severity of glucose disturbance defined by the
number of abnormal values in an OGTT for pregnancy and perinatal outcomes.
(Study 1V).
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4 Study population and methods

4.1 Study data

The data from all studies included in this thesis were based on the Finnish Medical
Birth Register (MBR). Studies I and II were based only on the MBR data, whereas
Studies III and IV were in addition based on the register-based arm of the Finnish
Gestational Diabetes study (FinnGeDi) from the MBR supplemented by numerical
OGTT data. Detailed descriptions of the data used are presented below.

4.1.1 The Finnish Medical Birth Register (MBR)

The MBR includes data on the course and complications of pregnancy and delivery
and on the perinatal health of newborns. All pregnancies resulting in a live-born
infant or stillbirth at > 22 gestational weeks (gw) or weighing > 500 g are reported
to the MBR. For each delivery in Finland, a structured form for the MBR is
completed by the delivery hospital within seven days after delivery. Since 2004,
the MBR has included information on whether an OGTT was performed, whether
it was abnormal, and whether insulin treatment was initiated during pregnancy.

The data are checked at the MBR, and the hospitals are contacted to correct
missing or potentially incorrect information. Data are completed by linkage to the
Central Population Register on live births and to cause-of-death data compiled by
Statistics Finland on stillbirths and early neonatal deaths. The coverage of the
register is complete and, in general, the quality of the data is high (Gissler & Shelley,
2002; Gissler et al., 1995; Keikkala et al., 2020).

4.1.2 The Finnish Gestational Diabetes (FinnGeDi) study

The FinnGeDi study comprised population-based prospective cohorts (Keikkala et
al., 2020). It was established after the national Finnish CCGs were introduced in
2008, when risk factor-based GDM screening was replaced by comprehensive
screening (Current Care Guideline Gestational diabetes).

To approach the questions from different perspectives, two arms were included
in the FinnGeDi: the case-control arm, including questionnaires, hospital and
antenatal data, MBR data and a DNA sample from the pregnant woman, her child
and the child’s father; and the register-based arm, utilising the unique resource of
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Finnish comprehensive national registers. The aims of the cohorts were to identify
potential genetic and epigenetic biomarkers of GDM and to assess putative risk
factors and clinical characteristics of GDM to enable the characterisation of
clinically identifiable, mechanistically meaningful subgroups of the disorder. The
short- and long-term health of the mother and child were followed to evaluate the
consequences of GDM. Also, the cohorts were designed to assess the incidence,
distribution and consequences of GDM in different socioeconomic and
demographic groups and across generations.

In this study, the register-based arm was used. This arm includes all 59 057
singleton pregnancies of women who gave birth in Finland in 2009 and were
identified through the MBR. Women were reported to have GDM if they, according
to the MBR, had an abnormal OGTT result and/or insulin initiation during
pregnancy and/or an ICD-10 code of GDM (ICD-10 codes 024.4 or 024.9)
(Keikkala et al., 2020). A total of 6 583 (11.1%) women had GDM, while the
remaining 52 004 (88.9%) women served as controls.

4.2 Study population

4.2.1 Changing from risk factor-based screening to comprehensive
screening (Studies I-1I)

A total of 59 051 women in 2006 and 61 371 women in 2010 and their offspring
were identified using the MBR. After the exclusion of multiple births and mothers
with pre-existing type I or type II diabetes, 5 185 (9.1%) women in 2006 and 6 683
(11.3%) in 2010 fulfilled the GDM criteria. All other women served as controls
(51759 in 2006 and 52 398 in 2010) (Figure 2). The number of women in these
two studies differed slightly because of some missing data. Preterm infants with
abnormally high birth weight for length of gestation (< 37 weeks and > 3 standard
deviation (SD) according to Finnish standards) were excluded from birth weight
analyses (n = 35) (Sankilampi, Hannila, Saari, Gissler, & Dunkel, 2013).
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-multiple pregnancies n =1 773 (2.9%)
-type 1 or 2 diabetes n= 334 (0.5%)

Births in 2006 Births in 2010
n=59015 n=61371
Excluded: Excluded:

-multiple pregnancies n =1 887 (3.0%)
-type 1 or 2 diabetes n= 403 (0.6%)

GDMn =5 185
(9.1%)

Controls n = 51 759
(90.9%)

GDM n = 6 683
(11.3%)

Controls n = 52 398
(88.7%)

|

| ™~

Diet n = 4 057
(78.2%)

Insulinn=1128
(21.8%)

Dietn = 5796
(86.7%)

Insulin n = 887
(13.3%)

Fig. 2. Flow chart of Studies I-Il. All births are divided by year, and further by GDM status
and type of GDM (diet- or insulin-treated).

4.2.2 The comparison of the gestational diabetes screening policies
of IADPSG and NICE (Study Ill) and the significance of the
number of abnormal values in the OGTT (Study 1V)

Studies III-IV were based on the register-based arm of the FinnGeDi study. The
MBR register data include information on whether an OGTT was performed during
pregnancy and whether the result was abnormal, but it does not include data on the
actual glucose concentrations. Therefore, numerical OGTT data were collected
from all women (n=4954) who delivered during 2009 in six delivery
units/hospitals in Finland: two tertiary-level (Oulu and Tampere) and four
secondary-level (Southern Karelia, Seindjoki, Kainuu and Satakunta) hospitals.
Each of these hospitals serves a specific geographical area, and together they handle
around 15 000 births per year. Each hospital district is served by one laboratory.
Numerical OGTT data were available from these hospitals through their laboratory
data records. The linkage was performed by personnel uninvolved in this study
using unique personal identification numbers.

In Study III, women with GDM diagnosis or insulin treatment during
pregnancy according to the MBR but with normoglycemic OGTT results were
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excluded from the study, as were women with an OGTT performed at only < 24
weeks (Figure 3). The population from Study I'V was similar to that from Study III,
except that in Study IV, women on whom an OGTT had been performed from the
12th gw to the 40th gw were included (Figure 4). Mothers with pre-existing type [
or type II diabetes were excluded based on ICD-10 codes in the MBR. Only
singleton pregnancies were included and, in the event a mother had two pregnancies
during the same year, only the first one was included.

4.3 Study design

The study designs and a detailed description of the data sources are summarised in
Table 6. All studies were register-based cohort studies.

4.3.1 Changing from risk factor-based screening to comprehensive
screening (Studies I-1l)

In Studies I and II, a woman was defined as having GDM if she, according to the
MBR, had an abnormal OGTT result or insulin therapy was initiated during her
pregnancy. GDM women were further divided into diet- or insulin-treated GDM
women.

4.3.2 The comparison of the gestational diabetes screening policies
of IADPSG and NICE (Study lll) and the significance of the
number of abnormal values in the OGTT (Study 1V)

In Study III, women were divided into different GDM groups according to different
GDM diagnosing policies. OGTT glucose concentrations were used to identify
women who fulfilled IADPG and NICE criteria. The diagnostic cut-off values for
plasma samples according to the IADPSG criteria are > 5.1 mmol/l at baseline
(fasting sample), > 10.0 mmol/l at one hour and > 8.5 mmol/l at two hours after a
glucose load (Metzger et al., 2010). The NICE criteria for the diagnostic cut-off
values were, for fasting, > 5.6 mmol/l, and, for two-hour postprandial glucose,
> 7.8 mmol/l, while the one-hour concentration was not included at all (NICE,
2015). The diagnosis of GDM was based on one or more abnormal values in the
OGTT.

48



*90Ud||99X] 91eD pue Y} eaH Jo} ajnjisu] jeuolyeN ayl :39IN ‘dnoi Apnyg Aoueubaid pue sajaqgeiq
9y} JO uoneIooSSY |euoljeuldiu] :9Sddvl INdD Jo sisoubeip ayj} 1oy sanjeA Jo-3nd opsoubelp pue ||| ApN}S Jo Heyd mold ¢ 'Biq

[/loww 9'g uz ioww 17 s e
[/loww 9'g = yz | | owwg'g yz | | moww ool = up [/loWw 6'6 5 yh
/loww '8/ yz | | mowwogz :Bugseq | | oww z'G-1'G :Bunseq | | yoww gz :Bunsed foww o'gs  :Bupseq
lZL=U Zov = u 68€ = U 098 = U z69z=uU
pajeail-uoN ‘IDIN pajeail ‘IOIN pejeas)-uoN ‘OSdav peleai] ‘9Sdavl sjonuod
626 = U 3OIN 6v2 | = U 9Sdav!
|ewuouge 1 190 s|jonuoD

8¢ =U

n
<

349
16l

n
c

L190 [ewIouge Inoyym
sisouBeIp NAD YIM S|0JJU0D —
JusW}ES} UIINSUl Y}IM S|0JJU0D —

saloueubaud adiynw -

eeoy=u
0bY - 0 + gu pawiopad 1190

‘Pgu > 1190 -

:papniox3

966 v =U
a|gejleAe anjeA | 190

()]
<



(%¢€°2) 26¢

‘san|eA |ewJouge alow Jo oM |

son|eA [ewJouge a1y

(%9°1) 62 =u

(%L'6) 8Lz =U

‘sen|eA [ewliouge om|

(%0°81) 228 =u
‘anfeA |ewJlouqge auQ

[

lewlouge | 190

8

69

=Uu

1190 leuwlou yym
sisoubelp NSO yim syuedioied —

1190 [ewou jngq

‘Juswieal} ulnsul yum sjuedioed —

=Uu

L6l =U

TWU> 1190 -
saloueubald aidynw -

:papn|ox3

‘Al Apnig jo peyo mojd 'y "By

(%2'¥2)Ge9€e=u
s|oJu0)

|lewlou | 190

698y =U

ObY - 0 + Zly pawiopad | 190

G/LGg=U

a|qe|ier. anjeA | 190

50



‘pasn els}lIo 8y} 0} Bulpioooe UBWOM QD Pajeal)-uou pue pajeal) Jo sdnolbgns ‘os|y , ‘UsWom D pajeall-ulinsul pue -Jalp Jo sdnoibgns ‘os|y |

98€ 25 =U ,0L0C NdD  86ECG =U ,0L0C WA

/G€ =U seneA 190 [ewiouqe gz 625 =U z30IN 6199 =uU 9002 s|oquoy €899 =U 9002 s|oluod

118 =uU anjeA | 190 |ewlouqe | 6¥g L =U 9Sdavl 61§ =u 1900 NdD  G8L G =U 19002 NAD
gege =u s|jojuoy  2e9c¢ =u s|joguoy 9yL LG =U 900¢ s|oquod 652 LG =U 9002 s|oluod sjoefgns jo JequnN
600 6002 0102-9002 0102-9002 pouad Apnig
wJe paseq-iajsibal Igeouul4  wie pased-ajsibal Igaouuly 1918169y yuig [eoIpaN 1918169y yuig [eoIpaN 20.nos ejeq
Joyoo paseq-iajsiboy Hoyod paseq-ajsibay }oyod paseq-ia)sibay Hoyoo paseq-lajsibay ubisap Apnis

‘salpueubaid NGO

JO soysueloRIEYD PUB NAD

'sawoo)no Aoueubaid J0 adA} pue asusjeaaid ay}

pue N9 jo aousjenaid ‘plem [ejeuoau e je aled  uo Bujusalos aAisusyaldwod

"sawoo)no |ejyeurtad pue Aoueubaid 8y} uo eua)uo Bulussios 104 P93U BY} puUE BWO2IN0 0} POSEQ-I0}O.} MSII WO}

uo senjeA | | 9O |ewlouge |e1onss INAS 3JDIN Pue 9SdAy| |ereuuad ay) pejosye Aojjod jo Aoljod Buiusaios NAD aY}
pue auo jo souedylubis ay} ssasse 0] ay} Jo Joedwi ay) asedwod o]  8bBueyd siy) Moy ajen(eas o] ul abueyd ay} Jo J08ye ay | wiy
Nl Apmis 11 Apms Il Apmis I Apmis siiejop Apnis

‘suBisep Apnig -9 a|qeL

51



Because the diagnostic criteria for GDM according to current Finnish CCGs
overlap with those of the IADPSG and NICE, a proportion of women diagnosed
with mild GDM by the IADPSG or NICE criteria remained untreated for GDM
during pregnancy. These groups were evaluated in sub-analyses as non-treated
IADPSG or NICE GDM women.

In Study IV, the study population consisted of 4 869 women with OGTT test
results (Figure 4). The women with GDM according to Finnish CCG criteria were
categorised according to the number of abnormal glucose values: 877 (18.0%) had
one, 278 (5.7%) had two and 79 (1.6%) had three abnormal OGTT values, while
3 635 (74.7%) women had normal values. Women with two or more abnormal
OGTT values were analysed as one group (n=357, 7.3%). The OGTT was
performed after a 12-hour overnight fast in the laboratory nearest to the patient’s
residence. The samples were drawn from an antecubital vein into fluoride citrate
tubes and were analysed within 24 hours in a local laboratory using commercial
enzymatic assays, which varied between laboratories. GDM was diagnosed if the
venous plasma glucose concentration was 5.3 mmol/l or more at baseline,
10.0 mmol/l or more at one hour, or 8.6 mmol/l or more at two hours after the
glucose load.

4.4 Data collection

Table 7 summarises the collected variables and data used in different studies.

4.4.1 Changing from risk factor-based screening to comprehensive
screening (Studies I-1l)

The diagnoses of hypertensive pregnancy disorders were based on recorded ICD-
10 codes: pre-existing essential hypertension (O10), superimposed pre-eclampsia
(O11), chronic hypertension (O10), gestational proteinuria (O12), gestational
hypertension (O13), pre-eclampsia (O14), eclampsia (O15) or maternal
hypertension (O16) in Studies I-II. During these years, a systematic ultrasound
examination to determine gestational age was offered to all pregnant women
between 10+0 and 13+6 gw, and a detailed examination of foetal anatomy was
offered between 19+0 and 22+0 gw. Preterm delivery was defined as a delivery
prior to 37+0 gw. Antenatal visits included the number of all visits to maternal
welfare clinics or the delivery hospital during pregnancy. Special care visits
included only visits to the delivery hospital. Information about inducted delivery
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was obtained from the MBR. Delivery mode was divided into vaginal, instrumental

vaginal (vacuum extraction/assisted vaginal delivery), or caesarean section.

Table 7. Data collection of the studies.

Characteristic

Study |

Study I

Study I

Study IV

Background

Maternal age

Prepregnancy BMI

Parity

Socioeconomic status

Smoking
Pregnancy

Numerical OGTT results

Insulin treatment

Gestational hypertension or pre-eclampsia’

Antenatal and special health care visits
Delivery

Preterm delivery (prior to 37 gw)

Induction of labour

Gestational age

Type of delivery

Hospital stay of mother
Offspring

Birth weight

Birth weight SD score

SGA

LGA

Ponderal index

NICU treatment

5-min Apgar score

Cord arterial pH < 7.15

Neonatal diagnoses

Perinatal mortality

Hospital stay of offspring

Location at 7 days of age

X X X X X

X X X X X x

x

X X X X X X X X X X X X

X X X X X

x

X X X X X

X X X X

X X X X X X X X X X X X X X

X X X X

1 See the differences in ICD 10 codes in the text below.
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Neonatal outcomes

The MBR data include the newborns’ weight in grams and length in full centimetres.
The ponderal index, representing the newborns’ body constitution, was calculated
using weight/length (kg/m?). Macrosomia was defined as being large for gestational
age (LGA), as indicated by a birth weight +2 SD from a reference value, and small
for gestational age (SGA) as indicated by a birth weight -2 SD from a reference
value. The birth weight SD score is a sex-specific parameter estimating birth weight
and length in singletons born at 23—43 gw to primiparous or multiparous mothers
according to Finnish standards (Pihkala et al., 1989; Sankilampi et al., 2013).

Data of umbilical cord artery pH, Apgar score, and the need and indication for
treatment at a neonatal ward were obtained from the MBR. The six most frequent
neonatal diagnoses, according to the ICD-10 set by a paediatrician, were used to
evaluate neonatal morbidity. These diagnoses were hypoglycaemia (P70.0-70.9),
hyperbilirubinemia (P59.0-59.9), neonatal respiratory distress syndrome (P22.0),
transient tachypnea of the newborn (P22.1), fracture of the clavicle (P13.4), and
Erb’s and Klumpke’s palsy (P14.0; P14.1).

Perinatal mortality included the combined rate of stillbirths and early neonatal
mortality within the first seven days of life. The time for hospital treatment in days
and the location of the newborn at the seventh day after birth (at home, in a neonatal
ward, in a maternal ward with the mother, or in another hospital) were recorded.

4.4.2 The comparison of the gestational diabetes screening policies
of the IADPSG and NICE (Study Ill) and the significance of the
number of abnormal values in the OGTT (Study IV)

Data collection for Studies III-IV was similar to that for Studies I-II, excluding the
following issues. In Studies III and IV, the term ‘gestational hypertension (GHT)
or pre-eclampsia’ (ICD-10 codes O13 and O14) was used. Gestational age was
based on the best estimate of the duration of pregnancy at delivery. In addition to
previous macrosomia outcomes, in Studies ITII-1V, we also reported our results with
LGA defined as a birth weight SD score over the 90th percentile.

4.5 Statistics

All statistical analyses were carried out using the SPSS 21 statistical package.
Categorical variables were reported as frequencies (%), while continuous variables
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were reported using the mean (standard deviation) or median (range). Pearson’s >
test was used to compare the difference in proportions, while the independent
samples t-test was used to compare the difference in the means. A two-sided p-
value of <0.05 was considered statistically significant. Logistic regression was
used to calculate ORs and 95% CIs for the risk of development of outcomes
associated with GDM in different study periods. Mean differences with 95% Cls
were calculated using linear regression. All logistic regression results were adjusted
for maternal age, parity and pre-pregnancy BMI.

4.5.1 Covariates

The outcome measures for all studies were obtained from the MBR. Maternal age
was defined as the mother’s age at the time of delivery. BMI was calculated as the
mother’s pre-pregnancy weight divided by the square of her height.

Socioeconomic status was defined using the occupation reported to the MBR.
Coding was based on national standards published by Statistics Finland. The
socioeconomic groups were divided into four different categories, as follows: (1)
upper-level employees with administrative, managerial, professional and related
occupations, (2) lower-level employees with administrative and clerical
occupations, (3) manual workers and (4) others, including stay-at-home mothers,
students, pensioners and self-employed persons. In terms of smoking, women were
categorised as non-smokers, those who stopped smoking in the first trimester,
smokers after the first trimester, and no information. Of Finnish women aged 15 to
49 years, 94.7% were of Finnish ancestry.

4.6 Ethics

According to Finnish legislation, the study participants did not need to provide an
information consent form when only anonymous register data were used. The
Finnish Institute for Health and Welfare gave their permission for the use of MBR
data. Hospital administration gave permission to use and combine OGTT
laboratory test results with the register data. The FinnGeDi study was approved by
the regional ethics committee in Northern Ostrobothnia Hospital District (Number:
2008/43, date of approval: 2008-6-19).
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5 Results

5.1 Changing from risk factor-based screening to comprehensive
screening (Studies I-ll)

The total number of all deliveries in 2006 and 2010 were 59 051 and 61 371,
respectively (Figure 2, flow chart of Studies I-II). Of these, 56 944 and 59 081,
respectively, were singleton pregnancies of mothers without pre-pregnancy type I
or type II diabetes and were therefore included in Study I.

The proportion of mothers undergoing an OGTT increased from 27.5% under
the risk factor-based screening method to 51.4% under the comprehensive
screening (Table 8). Together with this increase, the prevalence of GDM rose from
9.1% to 11.3%. Of all screened mothers, the number needed to screen for one GDM
diagnosis was 3.13 during risk factor-based screening and 4.71 during
comprehensive screening. Positive predictive values were 27.3% for risk factor-
based screening and 20.8% for comprehensive screening.

5.1.1 Characteristics of study participants

The mean ages of all women giving birth in 2006 and 2010 were 29.5 and 29.6
years, respectively. Over 40% of the women were primiparous in both years (Table
9). The pre-pregnancy BMI in the whole study population was 24.1 kg/m? (SD 4.6)
in 2006 and 24.3 kg/m? (SD 4.8) in 2010.

The baseline characteristics of the study population during different study
periods are presented in Table 9. During comprehensive screening in 2010, GDM
women were more often primiparous (39.4% vs. 34.5%) and had a lower pre-
pregnancy BMI (28.2 vs. 28.6 kg/m?) than during risk factor-based screening. The
mean age and socioeconomic status were similar in the GDM groups in both study
years.
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5.1.2 Perinatal outcome

The proportion of induced deliveries increased from 2006 to 2010 in both GDM
(25.7% to 28.3%) and non-GDM (14.9% to 16.9%; Table 9) women, and the
increase was similar for both groups (p-value for interaction GDM*year of birth:
unadjusted p-value 0.6, p-value adjusted for maternal age, parity and pre-pregnancy
BMI 0.7; Table 10). The caesarean section rate increased in the GDM group from
20.8% to 22.1%, but decreased in the non-GDM mothers (15.1% to 14.7%,
respectively; Table 9). The total caesarean section rate remained similar (17.1% and
17.1%, respectively). The adjusted ORs for caesarcan section for GDM as
compared with controls were 1.10 during risk factor-based screening and 1.22
during comprehensive screening. P-values for the interaction between the effects
of screening method and GDM on caesarean section were 0.052 (unadjusted) and
0.018 (adjusted) (Table 10).

5.1.3 Neonatal outcome

Both the mean birth weight and the rate of LGA decreased among newborns of
GDM mothers after the implementation of comprehensive screening (65 g from
3 660 [SD 542] to 3 595 g [SD 561], and from 5.6% to 4.1% [adjusted ORs 1.81
and 1.46, respectively]; Table 11). In the GDM group, the ponderal index decreased
between the study years. After adjustment for maternal age, parity and pre-
pregnancy BMI, the mean difference of the birth weight SD score decreased
between the study periods from 0.20 to 0.11 SD. This decrease corresponds to 50 g
birth weight at term (Table 10).

Newborns of GDM mothers were 1.7-fold more likely to require care in a
neonatal ward than controls during both study years (Table 11). The need for care
at a neonatal ward decreased similarly between the study years in both the GDM
and control groups. Although the proportion of GDM group newborns treated at a
neonatal ward decreased, their absolute number did not change substantially.

The incidence of neonatal hypoglycaemia clearly increased in the GDM group
(18.0% vs. 22.1%) after the new screening policy was introduced. It was the most
common indication for care at a neonatal ward during both study years, but it was
less often treated at a neonatal ward during comprehensive (12.9%) as opposed to
risk factor-based screening (16.1%).
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5.1.4 Comparison of diet- or insulin-treated GDM pregnancies

Between 2006 and 2010, both the proportion and absolute number of insulin-treated
GDM women were reduced significantly, from 1 128 to 887 (21.8% to 13.3% of
all GDM mothers) (Table 12). Regardless of the screening policy, insulin-treated
GDM mothers were older, had a higher pre-pregnancy BMI, and were more often
parous than those with diet treatment. During comprehensive screening, insulin-
treated mothers had a significantly higher pre-pregnancy BMI than during the
previous study period (30.2 vs. 28.8, respectively).

Induced deliveries and caesarean sections were more frequent among insulin-
than diet-treated mothers, with the proportions being higher during comprehensive
screening. Although the ponderal index and LGA rate of offspring of diet-treated
mothers decreased significantly from the risk factor-based to the comprehensive
screening period, a similar change was not seen among offspring of insulin-treated
mothers — the ponderal index of their offspring was higher during comprehensive
screening (Table 13). Offspring of insulin-treated mothers were also more likely to
be admitted to a neonatal ward. The most common indication for care at a neonatal
ward with both diet- and insulin-treated mothers was neonatal hypoglycaemia.

5.2 The comparison of the gestational diabetes screening policies
of the IADPSG and NICE (Study lil)

5.2.1 Characteristics of study population

Study III included 4 033 women who delivered in the six delivery hospitals in
Finland in 2009 and on whom an OGTT was performed between 24+0 and 40+0
gw (mean 27.5, SD 2.5). Of them, 860 (21.3%) had GDM according to the
prevailing Finnish criteria and were counselled and insulin-treated when needed.
Of women with an OGTT, 1 249 (31.0%) and 529 (13.1%) had GDM according to
the TADPSG and NICE criteria, respectively (Table 14). The control group
consisted of 2 692 (66.7%) women who were normoglycemic according to all
criteria.
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As compared with the controls, women who had GDM according to both the
IADPSG and NICE criteria were older and had a higher pre-pregnancy BMI. In the
NICE and TADPSG groups, 7.2% and 4.6% of women, respectively, received
insulin treatment (Table 14).

Ofthose who had GDM by Finnish criteria, 57 (6.6%) needed insulin treatment.
When the pregnancy outcomes of the GDM groups were compared with controls,
the rates of labour induction and caesarean sections were higher in both the
IADPSG and NICE GDM groups, and the gestational age at delivery was lower. In
the NICE group, the proportion of pre-term deliveries was higher than that in the
IADPSG group and in the controls (Table 14). The LGA rate in the two GDM
groups did not differ from that in the controls.

The cut-off values for plasma glucose levels in the different screening
guidelines partly overlapped with those used in Finland. In the IADPSG and NICE
groups, 68.9% and 76.0% of women, respectively, received counselling and
treatment according to the Finnish guidelines. Hence, 31,1% and 24.0% of women,
respectively, did not receive treatment for GDM. The delivery induction and
caesarean section rates in both treated GDM groups were higher than those in the
normoglycemic controls. The caesarean section rates, in addition to birth weight
(SD score and SD score > 90%), were higher in the non-treated IADPSG group as
compared with those in all other GDM groups (treated or non-treated) (Table 15)
and in the controls.

After adjustment for maternal age, parity and pre-pregnancy BMI in a
multivariate logistic regression analysis, the OR of induction of labour increased in
both treated GDM groups (Table 16). The caesarean section rate increased in both
the treated and untreated IADPSG groups. It also increased in the treated NICE
group but not in the untreated group.
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5.3 The significance of the number of abnormal values in the OGTT
(Study 1V)

5.3.1 Baseline characteristics of the study groups

OGTTs were performed between 12 and 40 gw (mean 26 gw, SD 4.4) for 4 869
women who delivered in six delivery hospitals during 2009. The OGTT was
abnormal according to the Finnish CCG criteria in 1 234 (25.3%) women, and the
control group consisted of 3 635 (74.7%) women with normal OGTT results (Table
17). Of the women with GDM, 877 (18.0%) had one, 278 (5.7%) had two and 79
(1.6%) had three abnormal OGTT values. Women with two or more abnormal
OGTT values were analysed as one group (n =357, 7.3%). When the baseline
characteristics were considered, the only difference between women with one and
> two abnormal OGTT values was pre-pregnancy BMI (mean 27.9 kg/m? vs. 29.7
kg/m?, p-value < 0.001).

5.3.2 Pregnancy and delivery

Perinatal characteristics according to the number of abnormal OGTT values are
presented in Table 17. Gestational age was higher among women with one
abnormal value than > two abnormal values in the OGTT (mean 39.6 gw vs. 39.1
gw, p-value < 0.001). Of the women with one abnormal OGTT value, 7.2% needed
insulin treatment, while the proportion was 17.3% in women with > two abnormal
values (p-value between these groups < 0.001).

Women with one abnormal OGTT value had similar proportions of preterm
deliveries, gestational hypertension (GHT) and pre-eclampsia, macrosomia and
mother and offspring hospital stay periods as normoglycemic controls. Regardless
of the number of abnormal OGTT values, GDM women had induced deliveries
more often than the normoglycemic controls.

When women with > two abnormal OGTT values were compared to those with
one abnormal value, the risk of delivery induction (29.5% vs. 22.7%, p = 0.010),
caesarean section (25.9% vs. 19.1%, p = 0.005) and macrosomia (14.5% vs. 10.0%,
p = 0.020) increased. After adjustments with maternal age, pre-pregnancy BMI and
parity, the risk of delivery induction was higher despite the number of abnormal
values in the OGTT when compared to normoglycemic controls (Table 18). The
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rate of caesarean section, macrosomia and preterm delivery risk increased only in
women with two or more abnormal values. The risk of GHT or pre-eclampsia did
not differ from the controls in either of the study groups.
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6 Discussion

6.1 Interpretation of results

6.1.1 Main findings

The change from risk factor-based to comprehensive GDM screening offered an
excellent opportunity to study the effect of different screening strategies.
Comprehensive GDM screening seems to identify more primiparous and normal
weight women with GDM but fewer women who need insulin treatment than in
risk factor-based screening. The proportion of macrosomic newborns was lower
after comprehensive GDM screening, but there was an increased incidence of
neonatal hypoglycaemia. However, the 24% increased prevalence of GDM places
substantial demands on the health care system.

The definitive answer to the question of which screening and diagnostic
method of GDM is most effective remains unclear. The NICE screening policy
might identify smaller numbers of GDM women, thus excluding a substantial
number of women at risk for adverse pregnancy outcomes. A large-scale screening
of GDM with IADPSG criteria might be reasonable, while the treatment of even
mild hyperglycaemia has been demonstrated to be associated with improved
perinatal outcomes. Based on previous research, it is important to find mothers with
even mild GDM in order to identify efficient interventions to avoid later diabetes
(W. L. Lowe et al., 2018).

When evaluating the significance of the number of abnormal values in the
OGTT, the proportion of delivery inductions was already higher after one abnormal
value when compared with those which had two or three abnormal values. By
contrast, in women with two or three abnormal values, there was increased risk of
insulin treatment, preterm deliveries, caesarean section and macrosomia. Hence,
after counselling and blood glucose self-monitoring, the pregnancy and perinatal
risks in women with one abnormal glucose value seem to be similar to those in the
controls.
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6.1.2 Changing from the risk factor-based screening to the
comprehensive screening of GDM

In Finland, GDM screening was limited to women with risk factors until 2008,
when CCGs to screen and diagnose GDM were introduced; these CCGs were
subsequently updated in 2013. Unlike previous policy, the new guidelines
recommend that all women except those with very low GDM risk should be tested
via a 75-g OGTT. Before CCGs made uniform national guidelines possible, many
hospital districts in Finland had their own modified instructions for GDM screening
and diagnosis. The change from risk factor-based to comprehensive screening led
to a 24% increase in the prevalence of GDM. The number of women who need to
be screened to find one woman with GDM was higher during comprehensive than
risk factor-based screening.

While in the present study, 27.5% of pregnant women underwent risk factor-
based screening, two years after launching the new national guidelines, the
screening rate was 51%. The CCG working group estimated that the number of
mothers who were supposed to undergo comprehensive screening would be around
80%. However, it takes time to reach full implementation. In 2018, the GDM
screening frequency was 66.0% and the prevalence of GDM was 21.3% in Finland
(Statistics Finland). We believe that the target will be reached in future years.

Effect for mothers

Risk factor-based screening has been described as controversial, inadequate and
inconsistent (Avalos, Owens, & Dunne, 2013; Dahanayaka et al., 2012; Murphy et
al., 2016; Reece, Leguizamoén, & Wiznitzer, 2009). In previous studies, 20% to 50%
of women with GDM had no risk factors for this condition (Avalos et al., 2013;
Poyhonen-Alho et al., 2005). One reason for the lack of risk factors in GDM women
might be the nature of these factors: Many of them are based on previous pregnancy
history, including prior GDM or previous macrosomic newborns, which are not
informative in primiparous women or which cannot be used until after the first
pregnancy. The increased proportion of primiparous women diagnosed by
comprehensive screening may reflect this. Another reason may be the classification
of family history of diabetes as a GDM risk factor and/or the new definition of risk
factors: During comprehensive screening, an OGTT was recommended if there was
a family history of diabetes, even in women who would otherwise have been
exempted from the test because of a very low risk of GDM. Therefore, these
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findings support comprehensive screening as the first-line policy to identify women
with abnormal glucose metabolism. Unfortunately, we did not have specific
information about GDM risk factors.

As opposed to risk factor-based screening, comprehensive screening seems to
identify more primiparous and normal weight women but not more GDM women
who need insulin. The latter group (i.e. insulin, or medical, treated GDM women)
represents an essential risk group for maternal and perinatal complications. In the
present study, only short-term outcomes were considered, but according to CGGs
and IADPSG criteria, which have lower diagnostic glucose thresholds than those
used in Finland, the long-term risks for type II diabetes and cardiovascular diseases
after GDM have been shown to increase (Hakkarainen et al., 2016; W. L. Lowe et
al., 2018).

Although the total number of GDM mothers increased between the study
periods, the proportion and absolute number of women treated with insulin
decreased significantly. Uniform guidelines, together with revised uniform cut-off
levels for pharmacologic treatment, may be important reasons for this change:
Target levels in self-monitoring for fasting glucose concentration rose from
5.3 mmol/l to 5.5 mmol/l, while target levels in self-monitoring for postprandial
glucose rose from 6.7 mmol/l one hour after a meal to 7.8 mmol/l 1.5 hours after a
meal (Kaaja, 2013; Teramo, 2006). Women with insulin treatment belong to a group
requiring special attention during the antenatal period as well as care during
delivery. However, the MBR did not have information about the use of oral glucose
agents, like metformin, even though insulin has been replaced by metformin in
certain cases which may be seen as a decreased use of insulin. In addition, the
decrease may also reflect successful diet and physical activity counselling to some
extent.

In our study, the overall caesarean section rate among all women remained
similar between the study periods — however, the caesarean section rate increased
in GDM women after the change from risk factor-based to comprehensive
screening, but decreased in the control group. It has been suggested previously that
GDM diagnosis as such would predispose women to delivery induction,
instrumental delivery and caesarean section with relative medical indication (Liao
et al., 2014; Moss, Crowther, Hiller, Willson, & Robinson, 2007). In our study, the
delivery induction rate increased from 2006 to 2010, but this increase was also seen
in women without GDM. In addition, it has been debated whether a diagnosis of
GDM may ‘medicalise’ a pregnancy, leading to questionable operations and related
actions, higher resource usage and associated costs (Long & Cundy, 2013).
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Effect for offspring

During comprehensive screening, infants born to GDM mothers were less often
macrosomic and had less clavicle fractures compared to risk factor-based screening.
There are some possible explanations for this decrease. First, comprehensive
screening seems to identify milder cases than in risk factor-based screening, and
therefore macrosomia is less probable (Crowther et al., 2005; Landon et al., 2009).
Another explanation for this decrease might be uniform, successful counselling and
follow up based on the new CCGs.

In offspring, the change of the screening policy led to an increased prevalence
of neonatal hypoglycaemia in both diet- and insulin-treated groups. However, this
was not accompanied by an increase in care at a neonatal ward. This may be due to
the increased proportion of mainly diet-treated GDM leading to less severe
hypoglycaemia, which was mainly treated at a maternity ward with intensified oral
feedings. The administration of intravenous glucose generally requires treatment at
a neonatal ward. Detailed CCGs may also have encouraged a more intensive
neonatal hypoglycaemia screening policy in which all newborns of GDM mothers
were monitored regardless of their symptoms, leading to increased rates of mainly
mild hypoglycaemia rates which previously would have been undiagnosed.

6.1.3 Different screening guidelines and diagnostic cut-off values

The prevalence of GDM varies widely depending on the diagnostic criteria used.
In Study III, the proportion of GDM was 2.4-fold higher when diagnosed by the
IADPSG (31.0%) criteria as compared to diagnosis by the NICE criteria (13.1%).
In the earlier studies, the prevalence of GDM according to universal IADPSG
criteria varied from 10.3% to 35.5% and, according to risk factor-based NICE
criteria, from 12.8% to 17.8% (Djelmis et al., 2016; Duran et al., 2014; Mayo,
Melamed, Vandenberghe, & Berger, 2015; Wong, Lin, & Russell, 2017). According
to the prevailing Finnish criteria, 21.3% of the study population had GDM.
However, the study population did not cover all pregnant women, just those
selected to have an OGTT. Hence, women with a very low risk for GDM were not
included.

Mild, untreated hyperglycaemia is associated with an increased caesarean
section rate and higher birth weight, as found in the HAPO study and in some other
recent studies (Black et al., 2010; Disse, Graeppi-Dulac, Joncour-Mills, Dupuis, &
Thivolet, 2013; Djelmis et al., 2016; Meck et al., 2015; Metzger et al., 2008). I n
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our study, the proportion of LGA infants was similar in both GDM groups and
controls. While the diagnostic cut-offs partly overlapped, we also had the
possibility of evaluating a subgroup without treatment. The IADPSG criteria use
lower fasting plasma glucose cut-off values (5.1 mmol/l) than the NICE criteria
(5.5 mmol/l) or the CCGs (5.3 mmol/l). In Study III, those women with fasting
plasma concentrations of 5.1 mmol/l1-5.2 mmol/l (below CCG) or 5.1-5.5 mmol/l
(below NICE) were also at increased risk of adverse pregnancy outcomes, such as
increased birth weight and caesarean sections, a phenomenon that has also been
shown to be significant in other studies (Black et al., 2010; Djelmis et al., 2016;
Meek et al., 2015). However, it seems that CCGs found GDM cases with the most
adverse pregnancy outcomes. Lower diagnostic cut-off values than in CCGs might
still have a positive influence on mothers and newborns, especially in the long term,
by finding those who are at risk for later diabetes (W. L. Lowe et al., 2018).

NICE criteria emphasise postload glucose values, with a two-hour glucose
limit of 7.8 mmol/l compared to 8.5 mmol/l for the IADPSG or 8.6 mmol/l for the
CCGs (Kaaja, 2013; Metzger et al., 2010; NICE, 2015). In a previous study of
women diagnosed via the IADPSG criteria, normal fasting and elevated postload
values indicated higher risk for preterm delivery, gestational hypertension and
neonatal hyperbilirubinemia (Black et al., 2010). In our study, preterm deliveries
were more common in the NICE group than in the IADPSG group or in the controls
without a clear explanation for this phenomenon.

While the NICE screening policy might lead to short-term savings in terms of
a smaller number of GDM women, it may also lead to a substantial number of
women with adverse outcomes, such as macrosomia and caesarean section,
remaining unidentified according to other widely used guidelines. Due to this risk,
large-scale screening of GDM, perhaps with IADPSG criteria, is reasonable, while
the treatment of even mild hyperglycaemia has been demonstrated to be associated
with improved perinatal outcomes. In addition, previous GDM with glucose
thresholds in the OGTT according to ITADPSG criteria also found women who were
at long-term risk of a glucose metabolism disorder with a mean follow-up time of
11.4 years (W. L. Lowe, Jr. et al., 2018). In that study, 52.2% of women with
previous GDM developed a glucose metabolism disorder (OR 3.44, 95% CI, 2.85
to 4.14). Hence, it is important to prevent or postpone disease in this high-risk group
with counselling and regular follow up.
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6.1.4 The significance of the number of abnormal values in the OGTT

The significance of one abnormal OGTT value has been debated. In Study IV, the
pregnancy outcome of women whose GDM diagnosis was based on only one
abnormal OGTT value did not differ much from normoglycemic controls; only the
proportion of delivery inductions was higher in this group. Although we did not
have detailed data about how counselling was nationally put into practice, we did
have access to information about how health care workers were educated after the
release of the uniform guidelines.

In women with two or three abnormal values, there was increased risk of
insulin treatment, caesarean section and macrosomia, as well as an increased rate
of preterm deliveries. Hence, after counselling and blood glucose self-monitoring,
the pregnancy and perinatal risks in women with one abnormal glucose value seem
to be similar to those in the controls.

Some criteria — for example, Carpenter-Coustan and National Diabetes Data
Group criteria — recommend diagnosing GDM after only two or more abnormal
values. According to recommendations by the IADPSG, the WHO and the FIGO,
GDM is diagnosed after detecting only one abnormal OGTT value (Hod et al., 2015;
WHO, 2014). In a systematic review and meta-analysis a three-hour 100-g OGTT
was done after an abnormal one-hour 50-g GCT to diagnose GDM and women with
only one abnormal OGTT value remained untreated. The researchers also found
that a single abnormal value, hence untreated and not defined as GDM, was
associated with adverse maternal and neonatal outcomes (Roeckner et al., 2016).
According to our study, counselling and treatment were found to be beneficial in
women with only one abnormal OGTT value. Women with two or three abnormal
OGTT wvalues were at increased risk of adverse pregnancy outcomes and also
required more health care resources: the total number of all antenatal and special
health care visits was higher, and their hospital stay period after delivery was longer,
compared to women with only one abnormal value.

Any degree of abnormal glucose metabolism in pregnancy has been shown to
independently predict an increased risk of glucose intolerance after delivery
(Corrado, D'Anna, Lagana, & Di Benedetto, 2014; Retnakaran et al., 2008). In a
study of Sicilian women with a single abnormal value in the OGTT during
pregnancy, they had an increased risk of developing abnormal glucose tolerance in
later life; and among these women, overweightness was the most predictive factor
for later diabetes. In recent Finnish studies, it has been shown that the incidence of
subsequent type II diabetes mellitus and metabolic syndrome increases in women
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after one abnormal OGTT value during pregnancy (Hakkarainen et al., 2015, 2016).
The probability of these disturbances was reported to increase together with the
number of abnormal OGTT values obtained during follow up after 10 years.

6.1.5 Burden to health care system

Current concerns about high health care costs have increased because of the
increasing prevalence of GDM and the already resource-constrained health care
system. In the Atlantic Diabetes in Pregnancy study from Ireland, the costs of GDM
care during pregnancy were 34% greater than in pregnancies without GDM — the
mean cost for maternity care for GDM women was 6 092 € (SD 4 422 €); in non-
GDM women, the cost of maternity care was 4 028 € (SD 2 938 €) (Gillespie,
Cullinan, O'Neill, Dunne, & Collaborators, 2013). When evaluating the total costs
of health care and GDM screening in our study with regard to the change from risk
factor-based to comprehensive screening, the total cost of treating one GDM
mother was 12.8% less expensive during comprehensive screening than during risk
factor-based screening. This evaluation included OGTTs, primary and special
health care visits, and hospital stays of mothers and offspring, including delivery.
We calculated the unit and total costs of care of GDM and control women during
both time periods. In all groups, the highest single cost was the hospital stay of the
newborn. By implementing a uniform national policy to screen and treat GDM, the
costs per single pregnancy can be reduced.

After 2008, for the first time, uniform national guidelines were introduced, and
cooperation between primary and special health care services was also encouraged.
Although the number of antenatal visits per woman decreased at both the primary
and secondary levels during comprehensive screening, the significant increase in
the number of GDM women poses a burden on the health care system. However,
via the national follow-up and treatment guidelines, more visits can be
accommodated in primary care. In another Finnish study, costs were 25.1% higher
among women diagnosed with GDM than among women without GDM (6 432 €
vs. 5143 €, p<0.001). In this study, the costs of inpatient visits and neonatal
intensive care unit use were 44% and 49% higher, respectively, in the GDM group
than in the non-GDM group.

Treating even mild GDM has been found to be cost-effective in terms of
improving maternal and neonatal outcomes, including decreased rates of pre-
eclampsia, caesarean sections, macrosomia, shoulder dystocia, permanent and
transient  brachial plexus injury, neonatal hypoglycaemia, neonatal
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hyperbilirubinemia, and neonatal intensive care unit admissions (Ohno, Sparks,
Cheng, & Caughey, 2011). According to Ohno and colleagues, lowering the
thresholds for diagnosing GDM might be cost-effective. However, the benefits of
diagnosing and providing treatment for GDM must be weighed against the
increased costs and use of health care resources, especially in women with mild
GDM. It is conceivable that the mildest form of GDM could be followed-up in
primary care with comprehensive guidelines.

GDM increases the short-term morbidity of the mother and offspring, but it
also serves as an indicator of increased risk for subsequent type II diabetes and
other metabolic disturbances (Freire et al., 2012; Ijas et al., 2013; Pirkola, Pouta,
Bloigu, Hartikainen, et al., 2010; Pirkola, Pouta, Bloigu, Miettola, et al., 2010).
Thus, the cost-effectiveness of GDM screening is reported to be mainly based on
identifying these risk groups and on the possibility of preventing or delaying the
onset of type II diabetes (Werner et al., 2012). Therefore, it is probable that the
costs of effective screening will be compensated in the future.

GDM is also associated with increased costs postpartum. In an Irish study, an
additional 680 € in annual health care costs accrued among GDM mothers from
two to five years after pregnancy compared to a normal glucose tolerance group
(Danyliv et al., 2015). The postponing and prevention of type II diabetes demands
effective postpartum follow-up programmes with a high attendance rate (Korpi-
Hyovalti, Laaksonen, Schwab, Heinonen, & Niskanen, 2012; Lauenborg et al.,
2004). However, the incorporation of long-term benefits of GDM screening and
treatment has an enormous impact on cost-effectiveness. Most studies focused on
the costs of screening itself leave eventual long-term cost savings unidentified,
which might unfavourably bias the cost-effectiveness estimates (Weile et al., 2015).
Estimating the cost-effectiveness of type 11 diabetes prevention after GDM is more
difficult to study. For this purpose, different decision analysis models have been
developed (Werner et al., 2012).

6.2 Strengths of the study

The strengths of the present study include the use of a large national cohort with
high data wvalidity (Gissler & Shelley, 2002; Gissler, Teperi, Hemminki, &
Merildinen, 1995; Keikkala et al., 2020). The population in Finland is also very
homogenous — during the study period, 94.7% of women aged 15—49 years were of
Finnish ancestry and can therefore be generalised for the Caucasian population.

82



In Finland, antenatal care is free of charge and is practically universally used.
It is obligatory for the delivery hospital to report every birth to the MBR. Therefore,
the study population was unselected and virtually complete (Gissler & Shelley,
2002; Gissler et al., 1995; Keikkala et al., 2020).

The diagnosis of GDM was established according to recorded abnormal OGTT
results or initiated insulin treatment, which can be considered reliable and
comparable during the two study years. In addition, in Studies III and IV, we also
had numerical OGTT results, so the diagnosis of GDM was complete. The number
of OGTT results was considerable, and the number of different subgroups was also
sufficient.

6.3 Limitations of the study

There were also some limitations in this study. The use of comprehensive screening
has resulted in an increase in the prevalence of GDM during recent years. The
screening frequency has increased from 51.4% in 2009-2012 to 66.0% in 2018,
and the prevalence of GDM has increased from 11.3% to 21.3%. Thus, the
implementation of new national screening guidelines was not fully comprehensive
during the study period.

Moreover, in the observational studies, Studies I and II, it was difficult to
distinguish between changes resulting from the new screening policy and those
occurring due to time trends, i.e. changes that would have occurred anyway.
However, the strongly statistically significant interactions between GDM and study
year show that changes in characteristics such as maternal pre-pregnancy BMI and
parity between the two study years were different in mothers with and without
GDM, thereby supporting the effect of a policy change.

The change in the screening protocol led to a substantial increase in the number
of OGTTs performed, and consequently an increase in GDM diagnoses and the
need for counselling and follow up. However, we did not have an information about
how the counselling guidelines were fulfilled in primary care. We also only had
data for insulin treatment, not for the use of oral glucose agents, such as metformin.
Because Finland has low perinatal mortality and advanced perinatal care, the effect
of intensive screening on short-term perinatal outcomes may be difficult to detect.
In addition, despite the large amount of data, the power to estimate rare severe
outcomes (such as shoulder dystocia or perinatal death) was insufficient. Women
at very low risk of GDM were not included in this study because, according to the
national guidelines, they were not tested during pregnancy.
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6.4 Future research

The significance of abnormal fasting and postprandial values of the OGTT needs
more research. Additionally, the timing and repeatability of the OGTT would be
interesting avenues for future research. In addition, in Nordic countries, the
seasonality of the OGTT and the prevalence of GDM may represent an additional
factor in interpreting OGTT results because, in Scandinavia, there are wide
fluctuations in ambient temperatures, and this phenomenon could serve as an
interesting basis for future studies.

Whether GDM screening and management by different screening criteria are
cost-effective has been the subject of an ongoing debate for more than a decade,
and the suggestion of new, even tighter criteria by the IADPSG has only added to
the discussion. Although the association between GDM and the long-term health
of mothers and their offspring has been demonstrated, we are only beginning to
understand which interventions might be effective at reducing the health care
burden, and at what cost. Further, the cost-effectiveness of large-scale screening,
and the implementation and effect of counselling and treatment, should be further
evaluated, with the increased pressures on maternal care balanced against the
possible improvements in perinatal outcomes. Then, interventions at the national
and global levels should be implemented.

Future research should address the potential of GDM screening to prevent the
effects of type II diabetes in later maternity and in the lives of offspring. The long-
term consequences of different screening methods require further study. Different
diagnostic criteria have yielded conflicting results, although the Finnish system
appears to be quite effective. The FinnGeDi register study is planned to continue
for decades, thereby permitting the long-term follow up of mothers and their
offspring.
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7

Conclusions

Based on the results of the present study, the following conclusions can be made:

I

II

III

v

The change from risk factor-based to comprehensive GDM screening led to a
significant increase in GDM prevalence, mainly with mild, diet-treated disease.
Women with GDM were more often primiparous and had a lower BMI. The
increase in the caesarean section rate was more concentrated in GDM mothers,
while the overall caesarean section rate remained unchanged.

During comprehensive screening, infants of GDM mothers had a lower birth
weight, were less often macrosomic, and were more often hypoglycaemic.
However, hypoglycaemia cases were treated in a neonatal ward less often.
The GDM prevalence was 2.4-fold higher when the IADPSG diagnostic
criteria for GDM were compared to the NICE criteria. Finnish guidelines seem
to identify GDM cases with the most adverse pregnancy outcomes, but birth
weight and the caesarean section rate began to increase slightly under
nationally used cut-offs in the mild, untreated hyperglycaemia group.

All women with abnormal OGTT results are at increased risk of induced labour,
but risks of macrosomia or caesarean section are increased only when there are
two or three abnormal OGTT values. Lifestyle counselling of all GDM women
regardless of the number of abnormal values in the OGTT is important to
improve the pregnancy outcome, but also because of the risk of subsequent
diabetes reported in previous studies.
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