Department of Obstetrics and Gynecology
Helsinki University and Helsinki University Hospital
Helsinki, Finland

THE IMPACT OF LIFESTYLE INTERVENTION
AND SOCIOECONOMIC STATUS ON THE RISK OF
GESTATIONAL DIABETES

Kristiina Rönö

ACADEMIC DISSERTATION
To be presented, with the permission of the Medical Faculty of the
University of Helsinki, for public examination in
the Seth Wichmann auditorium, Department of Obstetrics and
Gynecology, Helsinki University Hospital,
on 22nd March, at 12 noon.
Helsinki 2019

Supervised by

Professor Aila Tiitinen, MD, PhD
Department of Obstetrics and Gynecology
University of Helsinki and Helsinki University Hospital
Helsinki, Finland
Adjunct Professor Saila Koivusalo, MD, PhD
Department of Obstetrics and Gynecology
University of Helsinki and Helsinki University Hospital
Helsinki, Finland
Merja Laine, MD, PhD
Department of General Practice and Primary Health Care
University of Helsinki and Helsinki University Hospital
Helsinki, Finland

Reviewed by

Adjunct Professor Outi Palomäki, MD, PhD
University of Tampere
Tampere, Finland
Adjunct Professor Kirsi Laitinen, MSc, PhD
University of Turku
Turku, Finland

Official opponent

Adjunct Professor Marja Vääräsmäki, MD, PhD
University of Oulu
Oulu, Finland

The Faculty of Medicine uses the Urkund system (plagiarism recognition) to examine all
doctoral dissertations.

Cover image by Kristiina Rönö
ISBN 978-951-51-4891-9 (pbk.)
ISBN 978-951-51-4892-6 (PDF)
http://ethesis.helsinki.fi
Unigrafia
Helsinki 2019

In memory of my father

ABSTRACT
Gestational diabetes (GDM) –– hyperglycemia first detected during pregnancy –– is
associated with short- and long-term adverse outcomes for both the mother and
the child, including an increased risk of later type 2 diabetes. The GDM incidence, 19%
in Finland in 2017, is rising, explained by the advancing age and rate of adiposity of
childbearing women, as well as sedentary lifestyles.
Lifestyle interventions have proven beneficial in the prevention of type 2 diabetes,
which shares some common genetic background and characteristics with GDM. Both
are additionally, at least partially, lifestyle-related. The results concerning GDM
prevention with lifestyle counseling initiated during pregnancy have been mostly
discouraging. There is a lack of studies with a combined lifestyle intervention started
before pregnancy.
Maternal obesity, a risk factor for GDM, is further associated with socioeconomic
disadvantage. Studies assessing the relationship between socioeconomic status and
the risk of GDM are inconclusive. No studies have focused on the impact of maternal
income and education on the risk for GDM in European primiparous women.
The aim of this thesis is to assess the impact of lifestyle intervention and
socioeconomic status on the incidence of GDM and includes data from two studies.
The Finnish Gestational Diabetes Prevention Trial (RAskausDIabetes ja ELintavat;
RADIEL) was a randomized controlled trial aimed at GDM prevention among highrisk women. Women with prior GDM or body mass index ≥30 kg/m2 and who had no
diabetes at inclusion were enrolled either when they were planning a pregnancy or in
the first half of pregnancy. The main aim of the other study, the Vantaa Birth Cohort
study 2009 – 2015, is to assess the long-term consequences of GDM on the health of
women and their offspring.
The specific aims of this thesis are to assess the effect of the combined dietary and
physical activity counseling intervention on the incidence of GDM, the women’s
lifestyle during pregnancy, as well as perinatal and neonatal outcomes. The intervention
was initiated in pre-conception in Study I and in early pregnancy in Study II. The aim of
Study III was to assess the effect of the intervention on the incidence of GDM in
a subgroup of women in Study II with normal 2-h 75-g oral glucose tolerance test
(OGTT) at enrollment. The aim of Study IV was to assess the impact of pre-pregnancy
maternal income and education on the incidence of GDM among primiparous Finnish
women from the city of Vantaa in 2009 – 2015.
The RADIEL trial (Studies I-III) was conducted in three maternity hospitals in
the Helsinki metropolitan area and South Karelia Central Hospital between 2008 and
2014. Altogether, 720 women were allocated to intervention and control groups and
attended a study visit with a study nurse every three months. Additionally, both
the intervention and the control group received usual care from public antenatal
clinics. GDM diagnosis was based on OGTT performed around 12 to 16 weeks of
gestation and, if normal, repeated around 24 to 28 weeks of gestation.
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The participants in the intervention group received individually modifiable lifestyle
education from trained study nurses. The participants also attended a group visit with a
dietician. The lifestyle counseling in the intervention group was based on national and
Nordic Nutrition recommendations.
In the Vantaa Birth Cohort study (Study IV), the Finnish Medical Birth Register
provided data on pregnancies and deliveries. Additional data were obtained from
Statistics Finland, Vantaa Healthcare patient records, the Finnish Social Insurance
Institution, and the Finnish Tax Administration.
In Study I, the implementation of the lifestyle counseling in the novel setting of a
pre-conception intervention in RADIEL turned out to be challenging since recruitment
proved difficult and the pregnancy rate within one year was unexpectedly low, only
63%. The total incidence of GDM during pregnancy was 60% (39/65) in the
intervention group and 54% (34/63) in the control group (p=0.49).
Study II included 492 women enrolled in the early pregnancy trial arm of the
RADIEL study. The total incidence of GDM was 45% (107/239) in the intervention
and 48% (111/231) in the control group (p=0.48). Furthermore, the intervention did
not affect gestational weight gain or perinatal and neonatal outcomes. The prevalence of
early GDM observed at inclusion was high (36%), which may have contributed to the
lack of effect of the intervention on these outcomes.
Study III included the 269 women from Study II that had a normal OGTT at study
inclusion (in other words women for whom prevention was possible). In this subgroup,
the intervention succeeded in reducing the GDM risk by 36%, with 14% (20/144)
incidence in the intervention and 22% (27/125) incidence in the control group (crude
p=0.10, p=0.044 adjusted for age, body mass index, prior GDM and parity status, and
weeks of gestation at the time of the OGTT).
In Study IV, the adjusted incidence of GDM decreased with increasing maternal
income level among 5962 Finnish primiparous women. The analyses were adjusted for
age, body mass index, cohabiting status, and smoking. Compared with income level I
(the lowest level of income), the odds ratio for GDM in income level V (the highest
level of income) was 0.58 (95% confidence interval: 0.43 to 0.79; adjusted p<0.001).
Education had an additional protective effect on the incidence of GDM.
In conclusion, the prevention of GDM with lifestyle intervention before or during
pregnancy may not be achievable in all high-risk women. This study is, however, one of
the first to show that prevention may be possible in some women, namely among those
high-risk gravidas with normal glucose tolerance in the beginning of pregnancy.
Therefore, based on this thesis, one limiting factor for successful prevention of GDM
and associated adverse outcomes seems to be the high rate of glucose intolerance
already in early pregnancy. A low pregnancy rate and difficulties with participant
recruitment complicated the intervention initiated before pregnancy. Another focus
group for targeting future interventions is women of low income and education levels,
since they have a higher rate of GDM compared to their similarly aged peers with
higher income and education.
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TIIVISTELMÄ
Raskausdiabetekseen, eli raskauden aikana ensimmäistä kertaa havaittuun kohonneeseen
veren glukoosiin, liittyy lyhyen ja pitkän aikavälin haittavaikutuksia sekä äidille että
lapselle, mukaan lukien lisääntynyt riski sairastua tyypin 2 diabetekseen. Suomessa
vuonna 2017 raskausdiabetes todettiin 19% raskauksista. Raskausdiabeteksen esiintyvyys
lisääntyy, mikä selittyy muun muassa synnyttäjien nousevalla painoindeksillä ja iällä, sekä
vähäisellä liikunnalla.
Raskausdiabetes ja tyypin 2 diabetes muistuttavat toisiaan, jakavat osin saman
geneettisen taustan, sekä ovat molemmat ainakin osittain yhteydessä elämäntapoihin.
Vaikka tyypin 2 diabeteksen ehkäisyssä elämäntapaneuvonnalla on onnistuttu, ovat
tulokset raskausaikana annetun ravitsemus- ja liikuntaohjauksen vaikutuksesta
raskausdiabeteksen ilmaantuvuuteen olleet vaihtelevia ja enimmäkseen lannistavia.
Ennen raskautta aloitettuja elämäntapainterventioita ei ole julkaistu.
Äidin lihavuus, tunnetuttu raskausdiabeteksen riskitekijä, on yhteydessä matalaan
sosioekonomiseen asemaan. Löydökset sosioekonomisen aseman ja koulutuksen
yhteydestä raskausdiabetesriskiin ovat kuitenkin osin ristiriitaisia. Tutkimuksia, jotka
arvioisivat äidin omien tulojen ja koulutuksen yhteyttä eurooppalaisten ensisynnyttäjien
raskausdiabetesriskiin, ei ole tehty.
Tämän väitöskirjatyön tavoitteena on arvioida elämäntapaohjauksen ja
sosioekonomisen aseman yhteyttä raskausdiabeteksen ilmaantuvuuteen, ja se sisältää
tuloksia
kahdesta
tutkimusaineistosta.
Suomalainen
RAskausDIabetes
ja
Elintavat -tutkimus (RADIEL) oli satunnaistettu, kontrolloitu monikeskustutkimus,
jossa elämäntapaohjauksella pyrittiin ehkäisemään raskausdiabeteksen puhkeaminen
naisilla, joilla on korkea sairastumisriski. Tutkimukseen rekrytoitiin joko ennen raskautta
tai raskauden alkupuoliskolla naisia, joilla oli ollut aiemmin raskausdiabetes, tai joiden
painoindeksi oli ≥30 kg/m2, mutta joilla ei ollut ennen raskautta diagnosoitua
diabetesta. Rekisteripohjaisen Vantaan syntymäkohortti 2009–2015 -tutkimuksen
päätavoite on arvioida raskausdiabeteksen pitkän aikavälin seurauksia.
Tämän väitöskirjatyön tavoitteena on arvioida ennen raskautta (Osatyö I) ja
raskauden alkuvaiheessa (Osatyö II) aloitetun elämäntapaohjauksen vaikutusta
raskausdiabeteksen ilmaantuvuuteen sekä äidin ja vastasyntyneen raskauden ja
synnytyksen aikaisiin vastemuuttujiin. Osatyössä III on tavoitteena arvioida raskauden
aikana aloitetun elämäntapaohjauksen vaikutus raskausdiabeteksen ilmaantuvuuteen
siinä alaryhmässä naisia, joilla glukoosirasitus oli normaali tutkimukseen
kirjautumishetkellä. Osatyön IV tavoitteena on arvioida raskautta edeltävien äidin omien
tulojen ja koulutuksen yhteyttä raskausdiabetesriskiin suomalaisilla ensisynnyttäjillä
Vantaalla vuosina 2009 – 2015.
RADIEL-tutkimus (Osatyöt I–III) toteutettiin pääkaupunkiseudun kolmessa
synnytyssairaalassa ja Etelä-Karjalan keskussairaalassa vuosina 2008–2014. Yhteensä 720
naista satunnaistettiin tutkimus- ja verrokkiryhmiin. Kaikki tutkittavat tapasivat
tutkimushoitajaa kolmen kuukauden välein. Molemmat ryhmät saivat lisäksi
6

äitiysneuvoloiden tarjoaman tavanomaisen hoidon. Raskausdiabetesdiagnoosi perustui
kahden tunnin 75 gramman glukoosirasitukseen, joka suoritettiin 12.-16. raskausviikolla,
ja toistettiin 24.-28. raskausviikolla, mikäli ensimmäinen testi oli normaali.
Tutkimusryhmän naiset saivat tehtäväänsä koulutetuilta tutkimushoitajilta
yksilöllisesti muunneltavissa olevaa, kansallisiin ja pohjoismaisiin suosituksiin perustuvaa
elämäntapaohjausta. Heille järjestettiin myös ravitsemusterapeutin ryhmäohjaus.
Osatyössä IV käytetty Vantaan syntymäkohortin aineisto pohjautuu
Syntymärekisteristä saatuihin tietoihin raskauksista ja synnytyksistä. Täydentäviä tietoja
on saatu tilastokeskuksesta, Vantaan terveydenhuollon potilastietojärjestelmästä,
Kansaneläkelaitoksesta ja Verohallinnosta.
Osatyössä I tutkimusasetelma osoittautui haastavaksi, sillä raskautta suunnittelevien
tutkittavien tavoittaminen ja rekrytoiminen oli odotettua hankalampaa ja lisäksi vuoden
sisällä tutkittavista onnistui tulemaan raskaaksi vain 63%. Lopullisissa analyyseissä
mukana olleiden naisten joukossa raskausdiabeteksen ilmaantuvuus oli
tutkimusryhmässä 60% (39/65) ja verrokkiryhmässä 54% (34/63) (p=0.49).
Osatyössä II olivat mukana kaikki 492 raskauden alkuvaiheessa rekrytoitua naista.
Raskausdiabeteksen kokonaisilmaantuvuus oli 45% (107/239) tutkimusryhmässä ja 48%
(111/231)
verrokkiryhmässä
(p=0.48).
Glukoosiaineenvaihdunnan
häiriön
ilmaantuvuus raskauden alkupuoliskolla (varhainen raskausdiabetes) oli korkea (36%),
mikä saattoi vaikuttaa siihen, että elämäntapaohjauksella ei havaittu vaikutusta äidin ja
vastasyntyneen raskauden ja synnytyksen aikaisiin vastemuuttujiin.
Osatyössä III olivat mukana 269 alkuraskauden aikana rekrytoitua naista, joilla
glukoosirasitustulos oli normaali tutkimuksen alussa, eli joilla raskausdiabeteksen ehkäisy
on mahdollista. Tässä alaryhmässä elämäntapaohjaus vähensi raskausdiabeteksen
ilmaantuvuutta 36% (p=0.10, p=0.044 korjattuna iällä, painoindeksillä, aiempien
synnytysten määrällä ja raskausdiabeteshistorialla, sekä glukoosirasituksen ajankohdalla).
Osatyössä IV raskausdiabeteksen ilmaantuvuus laski 5962 suomalaisen
ensisynnyttäjän aineistossa äidin tulo- ja koulutustason noustessa (korjattu iällä,
painoindeksillä, parisuhteessa asumisella ja tupakoinnilla). Verrattuna tulotasoon I (alin
tulotaso) raskausdiabeteksen ilmaantuvuuden vetosuhde tulotasolla V (korkeimmat
tulot) oli 0.58 (95% luottamusväli 0.43 - 0.79, korjattu p<0.001).
Tämän väitöstutkimuksen perusteella raskausdiabeteksen ehkäisy ei vaikuta olevan
mahdollista kaikissa korkean riskin ryhmissä. Tämä tutkimus on kuitenkin yksi
ensimmäisistä, joissa raskausdiabeteksen ehkäisy elämäntapaohjauksella on onnistunut
naisilla, joilla glukoosiaineenvaihdunta on normaalia raskauden alkuvaiheessa. Yksi
raskausdiabeteksen ja siihen liittyvien komplikaatioiden ehkäisyä rajoittava tekijä
näyttääkin olevan korkea glukoosiaineenvaihdunnan häiriöiden esiintyvyys jo raskauden
alkuvaiheessa. Alhainen raskausprosentti sekä vaikeudet osallistujien rekrytoinnissa
vaikeuttavat ennen raskautta aloitetun ohjauksen toteuttamista. Naiset, joilla on alhainen
tuloja
koulutustaso,
muodostavat
tärkeän
kohderyhmän
tuleville
elämäntapainterventioille, sillä heillä on korkeampi raskausdiabetes-riski verrattuna
saman ikäisiin parempituloisiin ja koulutetumpiin naisiin.
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1 INTRODUCTION
The term gestational diabetes mellitus (GDM) originates in the late 1950s and is based
on the notion in the late 1800s and early 1900s that when compared to healthy women,
there was more macrosomia and perinatal mortality among offspring of women with
glycosuria during pregnancy, including not only diabetic but also prediabetic pregnant
women (Hadden 1986). GDM is currently defined as hyperglycemia first diagnosed
during pregnancy that is not type 1 or type 2 diabetes (T2D) (World Health
Organization [WHO] 2013; American Diabetes Association [ADA] 2019a). Regardless
of recommendations from the scientific community and various medical associations,
diagnostic criteria for hyperglycemia during pregnancy, however, differ globally (WHO
2013; Hod et al. 2018).
The global prevalence of GDM is currently estimated to be around 14%
(International Diabetes Federation 2017), while in Finland 19% of pregnant women had
a pathological oral glucose tolerance test in 2017 (THL 2018). The prevalence has been
rising for decades around the world, for example, in the United States (US) (Dabelea
et al. 2005; Lavery et al. 2017), Sweden (Ovesen et al. 2018), and Finland (THL 2018).
Increasing age and adiposity of childbearing women partially explain the rise in the
incidence, but also lifestyle-related issues, like the increase in sedentary lifestyles, and
changes in the diagnostic criteria play a role (Lavery et al. 2017).
Today, GDM continues to associate with both short- and long-term unfavorable
outcomes, like macrosomia, large-for-gestational-age infants, shoulder dystocia, and
increased need of intensive care for the offspring, increased rate of hypertensive
disorders of pregnancy and cesarean delivery for the mother, and an increased risk for
obesity, metabolic syndrome, and T2D for both (WHO 2013; Vilmi-Kerälä et al. 2015;
Farrar et al. 2016; International Diabetes Federation 2017; Koivunen et al. 2017; Daly
et al. 2018). Consequently, GDM is associated with increased healthcare costs (Kolu
et al. 2012).
Risk factors for GDM include both non-modifiable characteristics like increasing
maternal age, family history of diabetes, or genetic susceptibility, and modifiable
lifestyle-related factors like adiposity, sedentary behavior, and unhealthy diet (Zhang
et al. 2006; Tobias et al. 2012; Huopio et al. 2013; Farrar et al. 2017). Additionally,
socioeconomic deprivation is associated with an increased risk for many noncommunicable diseases, like diabetes (Blackwell et al. 2014; Sasson 2016). The
association between socioeconomic status and GDM is less clear, especially within the
context of a Western society with universal access to public healthcare services
(Janghorbani et al. 2006; Joseph et al. 2007; Anna et al. 2008; Collier et al. 2017). Also,
regarding GDM, socioeconomic status (SES) has mostly been assessed with deprivation
indices based on the area of residence, or self-reported factors including income.
Lifestyle interventions have proven beneficial in the prevention of T2D
(Tuomilehto et al. 2001; Knowler et al. 2002; Goveia et al. 2018), which shares some
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common characteristics with GDM including insulin resistance, impaired insulin
secretion, and increased inflammation (Hodson et al. 2010). Diets that are associated
with low risk for GDM are characterized by high consumption of vegetables, fruit, and
dietary fiber, and low consumption of high-fat or high-sugar foods, and red and
processed meat (He et al. 2015; Tryggvadottir et al. 2016). A physically active lifestyle
before and during early pregnancy is associated with a decreased risk for GDM as well
(Tobias et al. 2011; Dagfinn et al. 2016).
Women are usually motivated to change their lifestyle while trying to conceive or
during pregnancy, to improve the health of the offspring (Phelan 2010). Since a
healthier lifestyle is associated with reduced risk for GDM, it is not surprising that many
studies have tried to prevent GDM with lifestyle education interventions during
pregnancy, unfortunately with mostly unpromising results (The International Weight
Management in Pregnancy 2017). Published intervention trials are heterogeneous
regarding the risk profile of the included participants, provided interventions, and the
background risk and diagnostic criteria for GDM. Therefore, it is yet unclear which
subgroups of women could benefit from lifestyle interventions. Furthermore,
pregnancy may be too short of a time to intervene, or the metabolic derangements may
already be present in the first trimester (Catalano and deMouzon 2015). No studies,
however, have attempted GDM prevention with lifestyle education initiated before
pregnancy, and few trials initiated during pregnancy have assessed the possible impaired
glucose tolerance already at inclusion.
Within this context, this thesis aims to fill knowledge gaps concerning the impact of
dietary and physical activity education both before and during pregnancy, and maternal
taxable income and education on the incidence of GDM.
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2.1 GLUCOSE METABOLISM IN HEALTHY PREGNANCY
In a healthy pregnancy, maternal physiology goes through numerous dynamic changes
both to adapt to the needs of the developing fetus and to prepare the mother for the
demands of pregnancy, labor, and lactation. In part, these changes ensure the
continuous nutritious flow of glucose –– the primary energy source for the fetus –– as
well as amino acids and fatty acids to the developing fetus (Lowe and Karban 2014).
Early pregnancy is an anabolic state favoring lipogenesis and fat storage, with
slightly enhanced or unaltered insulin sensitivity compared to the non-pregnant state
(Butte 2000; Lain and Catalano 2007; Lowe and Karban 2014). Insulin response to
glucose, however, increases already in early pregnancy (Catalano et al. 1993).
Insulin resistance (IR) refers to an impaired ability of insulin to act on target tissues,
leading to reduced suppression of hepatic glucose production, and reduced uptake of
glucose in muscle and adipose tissue (Einstein 2017). Peripheral IR increases during
pregnancy to spare glucose for the needs of the fetus as maternal energy metabolism
switches to favor lipids as an energy source in the third trimester (Herrera 2000;
Barbour et al. 2007). In the third trimester, the level of IR in healthy pregnancy
approximates IR seen in the non-pregnant population with T2D (Buchanan et al. 2007).
The etiology of IR in pregnancy is multifactorial, with adipokines (e.g., tumor necrosis
factor alpha, secreted by adipose tissue and placenta) and placental hormones (including
placental lactogen, placental growth hormone, and progesterone) likely playing a role
(Einstein 2017; Hill 2018). As an example, the placental growth hormone increases in
the state of glucose deprivation during fasting and functions as an insulin antagonist
increasing maternal peripheral IR (Newbern and Freemark 2011).
Since insulin action in late pregnancy is 50–70% lower compared to non-pregnant
women, insulin secretion increases over threefold as a compensatory mechanism (Butte
2000; Catalano 2014). To maintain euglycemia and augment the supply of glucose to the
fetus between meals, hepatic production of glucose (gluconeogenesis) increases during
pregnancy (Einstein 2017). Figure 1 summarizes glucose metabolism in fasting and fedstate in the third trimester.
During pregnancy, fasting glucose decreases progressively (Catalano et al. 1991;
Riskin-Mashiah et al. 2011). In most studies, the decrease starts already during the first
trimester and continues until 28 weeks gestation, with stabilization or a slight increase
after that (Mills et al. 1998; Lowe and Karban 2014). In obese women, a comparable
decrease may be missing, however (Mills et al. 1998). Possible underlying factors for the
decrease in glucose levels include dilution explained by increasing plasma volume,
increased feto-placental/maternal utilization, and inadequate hepatic production (Lain
and Catalano 2007).
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Figure 1 Mechanisms enabling the shunting of glucose (represented by solid light gray
arrow) in the third trimester of pregnancy for the needs of the developing fetus in A) fasting
and B) fed states

In pregnant women, the increase in blood glucose level after a meal or glucose load
is prolonged and pronounced when compared with non-pregnant women (Catalano
et al. 1993). In a healthy pregnancy, however, women maintain serum glucose levels
within a narrow margin, despite increasing IR (Catalano et al. 1999; Einstein 2017).
Yogev and associates (2004) assessed diurnal changes in maternal glucose levels in
healthy pregnancy by measuring interstitial glucose levels in subcutaneous tissue. They
found that compared with normal-weight gravidas, obese pregnant women seemed to
have lower mean glucose during the night. The obese women additionally had higher
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postprandial glucose peak values, as well as increased 1- and 2-hour postprandial
glucose levels, compared with healthy-weight women. Furthermore, the obese women
had an increased time interval between a meal and the following glucose peak compared
to healthy-weight gravidas. The diurnal fasting glucose or mean glucose levels did not
differ, however, between obese and non-obese gravidas (Yogev et al. 2004).
In summary, compared with the non-pregnant state, lower fasting blood glucose,
higher postprandial blood glucose, and higher levels of insulin characterize healthy
pregnancy (Cunningham et al. 2014). Table 1 summarizes key changes and their
direction in glucose metabolism during pregnancy.
Table 1. Changes in glucose and insulin metabolism in healthy pregnancy compared with
the non-pregnant state. Adapted from Lain and Catalano 2007, with additional references
(Forest et al. 1983; Catalano et al. 1993; Butte 2000; Einstein 2017).
Early pregnancy

Late pregnancy

Fasting glucose

Û/ß

ß

Fasting insulin

Û

ÝÝ

Û/Ý

Ý

Insulin secretion/insulin response

ÝÝ

ÝÝÝ

Basal hepatic glucose production

Û

Ý

ß/Û

ß

Û

Ý

Post-load/post-prandial blood glucose

Hepatic glucose production suppression
Insulin resistance

2.2 PATHOGENESIS OF HYPERGLYCEMIA DURING PREGNANCY
Gestational diabetes refers to hyperglycemia during pregnancy that is not overt diabetes
(WHO 2013; ADA 2019a). The definition and recommended criteria for the
hyperglycemia, however, have varied considerably (see chapter 2.3.1 Definition and
diagnostic criteria).
Like other types of diabetes, GDM is heterogeneous (Tuomi et al. 2014; Powe et al.
2016). The predominant defect behind the development of hyperglycemia that is
classified as GDM can be either in insulin sensitivity (51%), insulin secretion (30%) or
both defects can be overlapping (18%) (Powe et al. 2016). The mechanism behind
physiological pregnancy-induced IR in healthy pregnancy and IR in T2D and GDM
seem to be somewhat different (Hodson et al. 2013; Catalano 2014).
Women, both lean and obese, who develop GDM are already more insulin resistant
before pregnancy compared with women with a healthy pregnancy (Catalano et al. 1993;
1999). In late pregnancy, it seems that IR is only slightly higher in GDM patients
compared with healthy women (Buchanan 2001; Buchanan et al. 2007). A reduced
ß-cell function plays a role in the development of hyperglycemia during pregnancy
compared to the non-pregnant state (Catalano et al. 1993; Damm et al. 1995). This
ß-cell dysfunction also seems to be chronic and becomes detectable during pregnancy
as IR physiologically increases (Buchanan et al. 2007). Among obese women, the late
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insulin response to glucose load also seen in healthy pregnancy is further increased in
GDM patients leading to hyperinsulinemia and reflects severe ß-cell stress and later risk
for T2D (Catalano 2014). In GDM, the ability of insulin to suppress hepatic
gluconeogenesis in the third trimester seems to be impaired compared with a healthy
pregnancy (Catalano et al. 1993; Catalano 2014). Figure 2 summarizes factors leading to
the development of GDM.
Women with a predominant insulin secretion defect explaining the occurrence of
their GDM have similar body mass index (BMI) and fasting glucose levels compared
with their normal glucose tolerance peers during pregnancy (Powe et al. 2016). In
contrast, women with an insulin sensitivity defect as the predominant driver behind
their hyperglycemia during pregnancy have a higher BMI compared with normal
glucose tolerance women. The GDM patients with a predominant insulin sensitivity
defect are also at a greater risk of adverse short-term outcomes compared with GDM
patients with a predominant insulin secretion defect (Powe et al. 2016).
A minority (10–15%) of GDM is explained by islet cell autoantibodies, glutamic
acid decarboxylase autoantibodies, or by monogenic diabetes (in other words maturityonset diabetes of the young) (Gestational Diabetes. Current Care Guidelines 2013; Kim
2015).

Increased insulin resistance
and/or (chronically)
reduced !-cell function
before pregnancy

Physiological changes
of pregnancy:
further increase in IR

Insufficient compensatory
increase in insulin secretion
due to (chronically) reduced
!-cell function

GDM
Impaired suppression
of gluconeogenesis

Figure 2 Components of the development of gestational diabetes mellitus (GDM)
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2.3 GESTATIONAL DIABETES MELLITUS
2.3.1 DEFINITION AND DIAGNOSTIC CRITERIA
The term “gestational diabetes” started emerging in the literature in the late 1950s
(Carrington et al. 1957; O'Sullivan 1961). While Carrington classified those women with
a blood glucose of diabetic levels as having GDM, O’Sullivan refers to temporary,
transitional, or asymptomatic diabetes of pregnancy. The first mentions of transient
diabetes during pregnancy that associated with adverse pregnancy outcomes like
neonatal death and macrosomia, however, appeared roughly 130 years earlier.
Publications on the history of GDM describe Matthew Duncan as the first to publish
on a series of pregnancies with diabetes in 1882 (Hadden 1986; Mestman 2002).
According to David R. Hadden, this series also included possibly the first recordings, by
Bennewitz in Berlin in 1823–1825, of diabetes in pregnancy which disappeared between
pregnancies (Hadden 1986).
Figure 3 summarizes the history of GDM and its definition since the 1950s. The
diagnostic cut-offs for hyperglycemia during pregnancy have varied considerably
(Table 2). Before the 1960s, glycemic thresholds similar to non-pregnant adults were
used to diagnose hyperglycemia in pregnancy (Coustan 2017). Indeed, in 1964, WHO
stated that gestational diabetes refers to “hyperglycemia of diabetic levels (similar to nonpregnant adults) occurring during pregnancy”, while referring to lesser degrees of
hyperglycemia as gestational impaired glucose tolerance (IGT) (WHO 1964) (Table 2).
The WHO continued with this approach until 1999 (WHO 1999).
In 1964, O’Sullivan and Mahan created the classical diagnostic criteria for GDM,
which was based on the ability of the blood glucose values in the 3-h 100-g oral glucose
tolerance test (OGTT) to predict future development of diabetes (O'Sullivan and
Mahan 1964). The original thresholds represent, in a group of 752 unselected women’s
whole blood samples, values greater than two standard deviations (SD) above the mean
of glucose and other non-glucose carbohydrate molecules in whole blood samples using
the Somogyi–Nelson method (O'Sullivan and Mahan 1964). O’Sullivan later showed
that GDM assessed with these criteria additionally associated with an increased rate of,
for example, macrosomia and perinatal mortality (O'Sullivan et al. 1966; 1973).
The International Workshop-Conference on Gestational Diabetes defined GDM
for the first time in 1980 as “glucose intolerance with recognition of onset during pregnancy” (ADA
1980). The International Workshop-Conference on Gestational Diabetes additionally
accepted (ADA 1980), along with the National Diabetes Data Group (NDDG 1979),
the O’Sullivan and Mahan criteria for the diagnosis of GDM and converted the cut-offs
to match the change of the sample type to venous plasma.
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1950

GDM mentioned for the first times in the literature

1960
O'Sullivan and Mahan GDM criteria

1970

WHO: Gestational diabetes refers to hyperglycemia of diabetic
levels (similar as for non-pregnant adults) occurring during
pregnancy

National Diabetes Data Group GDM criteria

1980

Carpenter and Coustan GDM criteria
First International Workshop-Conference on GDM defines GDM as
glucose intolerance with recognition of onset during pregnancy
Second International Workshop-Conference on
GDM

1990

Third International Workshop-Conference on GDM

Fourth International Workshop-Conference on GDM

2000

Update of GDM definition by WHO: carbohydrate intolerance
resulting in hyperglycemia of variable severity with onset or first
recognition during pregnancy

Fifth International Workshop-Conference on GDM
HAPO published

2010

IADPSG consensus panel proposes new diagnostic criteria for GDM
based on HAPO results
WHO endorses IADPSG 2010 GDM criteria

2020

ADA defines GDM as diabetes that is first diagnosed in the second
or third trimester of pregnancy that is clearly neither preexisting
type 1 nor type 2 diabetes

Figure 3 History of gestational diabetes mellitus (GDM) and its definition since the 1950s.
ADA = the American Diabetes Association; HAPO = the Hyperglycemia and Adverse
Pregnancy Outcome Study; IADPSG = the International Association of Diabetes and
Pregnancy Study Groups; WHO = the World Health Organization
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Table 2. Examples of recommendations for diagnostic criteria for gestational diabetes
mellitus (GDM) over time
Year

Recommending body
(reference)

Glucose
load (g)

Number
criteria*

Glucose thresholds (mmol/L)
fasting

1-h

2-h

3-h

1964

O’Sullivan and Mahan (1964)

100

≥2

≥5.0

≥9.2

≥8.0

≥6.9†

1964
1979
1980
1982

WHO‡ (1964)
NDDG (1979)
WHO‡ (1980)
Carpenter and Coustan (1982)

50/100
100
75
100

2
≥2
≥1
≥2

≥7.2
≥5.8
≥8.0
≥5.3

≥10.6
≥10.0

≥7.2†
≥9.2
≥11.0
≥8.6

≥8.1
≥7.8

1991
1996
1999
2008

ADIPS (Martin et al. 1991)
EASD (C.J. Brown et al., 1996)
WHO (1999)
Finnish Current Care Guidelines
(Kaaja et al. 2008)
IADPSG (IADPSG Consensus Panel 2010)
CDA (Canadian Diabetes Association
Clinical Practice Guidelines Expert
Committee 2013)
NICE (2015)

75
75
75
75

≥1
≥1
≥1
≥1

≥5.5
≥6.0
≥7.0
≥5.3

≥10.0

≥8.0
≥9.0
≥7.8
≥8.6

-

75
75

≥1
≥1

≥5.1
≥5.3

≥10.0
≥10.6

≥8.5
≥9.0

-

75

≥1

≥5.6

-

≥7.8

-

2010
2013

2015

* Number of pathological values needed for diagnosis
The thresholds apply to venous plasma samples unless otherwise indicated (†venous whole blood)
‡WHO additionally classified impaired glucose tolerance in pregnancy as a normal fasting value with a 2-h value of
6.1-<7.2 mmol/L in 1964 and 8.0 –<11.0 mmol/L in 1980
ADIPS = the Australasian Diabetes in Pregnancy Society; CDA = Canadian Diabetes Association; EASD = European
Association for the Study of Diabetes; IADPSG = the International Association of Diabetes and Pregnancy Study Groups;
NDDG = the National Diabetes Data Group; NICE = the National Institute for Health and Care Excellence;
WHO = the World Health Organization

As glucose measuring techniques evolved, a second modification took place in 1982
when Carpenter and Coustan mathematically converted the original Somogyi–Nelson
method-derived thresholds to glucose oxidase–derived plasma values, eventually
creating a new set of criteria (Carpenter and Coustan 1982). Moreover, the Fourth
International Workshop-Conference on Gestational Diabetes applied the Carpenter–
Coustan criteria to both 3-h 100-g and 2-h 75-g OGTTs (Metzger et al. 1998).
Since the First International Workshop-Conference on Gestational Diabetes, the
definition for GDM remained essentially the same for the next three decades (Figure 3)
and did not exclude the possibility of pre-existing glucose intolerance before pregnancy.
Further, it neither depended on whether the condition was treated with diet or
medication, nor if it resolved after the pregnancy or not (Metzger et al. 1998; 2007;
ADA 2009). Although ADA and the five International Workshops-Conferences
included any degree of glucose tolerance in the definition of GDM (Metzger et al. 1998;
2007; ADA 2009), the WHO differentiated gestational IGT from diabetes during
pregnancy until 1999 (WHO 1999). Simultaneously the WHO referred to diabetes
during pregnancy as GDM (WHO 1980).
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In the US, the O’Sullivan and Mahan criteria and their conversions were long
considered the gold standard for GDM diagnosis (Mestman 2002). European
recommendations in turn often preferred criteria similar to the WHO at the time or
diabetes/IGT in the non-pregnant population (Table 2) (Brown et al. 1996; The
Guideline Development Group 2008).
In 2008, results of the large Hyperglycemia and Adverse Pregnancy Outcome Study
(HAPO) were published (HAPO Study Cooperative Research Group et al. 2008). The
study included more than 25,500 pregnant women from nine countries who underwent
a 2-h 75-g OGTT at 24 to 32 weeks of gestation. The results of the OGTT were
blinded if the fasting plasma glucose level was £5.8 millimoles per liter (mmol/L) and
the 2-h level £11.1 mmol/L. Among over 23,000 participants with blinded data, the risk
of, for example, increased birthweight and caesarian section continuously increased as a
function of maternal glucose levels in the OGTT below levels diagnostic for diabetes.
Furthermore, there were no apparent thresholds at which the risk for adverse outcomes
increased (HAPO Study Cooperative Research Group et al. 2008).
In 2010, the International Association of Diabetes and Pregnancy Study Groups
(IADPSG) used the findings from HAPO as the basis of new recommendations for
diagnostic criteria for GDM (IADPSG Consensus Panel 2010). For the first time, the
recommendations were based on the predictive value of the glucose values on neonatal
outcomes (IADPSG Consensus Panel 2010). IADPSG decided on glycemic thresholds
at which the odds ratio (OR) was 1.75 relative to the mean glucose values for the three
selected outcomes (birthweight >90th percentile, cord C-peptide >90th percentile, and
infant percent body fat >90th percentile). Further, since the associations were present
for all of the three values in the OGTT (fasting, 1-h, and 2-h), the IADPSG
recommended that equaling or exceeding at least one of these thresholds is enough to
make a diagnosis of GDM (Table 2) (IADPSG Consensus Panel 2010).
The IADPSG additionally recommended that women found to have diabetes using
the standard criteria for the non-pregnant population in early pregnancy visits should
receive a diagnosis of overt diabetes, not GDM (ADA 2010; IADPSG Consensus Panel
2010).
The WHO, the Australasian Diabetes in Pregnancy Society, the International
Federation of Gynecology and Obstetrics (FIGO), and the European Board & College
of Obstetrics and Gynaecology have all endorsed the IADPSG 2010 thresholds (WHO
2013; Nankervis et al. 2014; Benhalima et al. 2015; Hod et al. 2015). The current ADA
recommendations allow the use of either the IADPSG, Carpenter–Coustan, or NDDG
criteria (ADA 2019a), while the American College of Obstetricians and Gynecologists
(ACOG) endorses only the latter two (ACOG Committee on Practice Bulletins Obstetrics 2018). The Canadian Diabetes Association has chosen to apply thresholds
representing OR 2.0 for large-for-gestational age (LGA) infants based on data from
HAPO (Table 2) (Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee 2013).
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The evidence regarding the diagnostic criteria for GDM mainly comes from studies
conducted after 24 weeks of gestation. Although fasting glucose levels at early
pregnancy strongly correlate with GDM diagnosed at 24 to 28 weeks of gestation, the
IADPSG fasting glucose value of ≥5.1 mmol/L noted in the first trimester seems to
predict later GDM poorly (Zhu et al. 2013). Furthermore, there is no complete
correspondence between using the fasting glucose value of ≥5.1 mmol/L as diagnostic
for early GMD in the first trimester, and pathologic OGTT performed early in the third
trimester (Corrado et al. 2012; Zhu et al. 2013).
Some experts now suggest that current evidence does not justify the use of the
IADPSG criteria for GDM in early pregnancy, and some call for studies assessing the
normative data regarding early pregnancy glycemia (McIntyre et al. 2016). In their
review of early GDM, Immanuel and Simmons (2017) suggest, meanwhile, a pragmatic
approach to “diagnose” GDM in the first trimester by using a fasting glucose of 6.1–6.9
mmol/L (i.e., thresholds for impaired fasting glucose outside pregnancy), while the 24–
28 week GDM criteria could be used with the 1-h and 2-h OGTT results.
Currently, the ADA indeed defines GDM as “diabetes that is first diagnosed in the second
or third trimester of pregnancy that is not clearly either preexisting type 1 or type 2 diabetes” and
states that the diagnosis of GDM in early pregnancy is not evidence-based (ADA
2019a). The WHO, in turn, recommends applying the same criteria for GDM at any
time in pregnancy (WHO 2013).

2.3.2 SCREENING
Like the diagnostic criteria, screening strategies also vary, although there are two main
approaches. Both of these main approaches apply to screening GDM at 24–28 weeks of
gestation (ADA 2019a).
Screening with the “one-step approach” with 2-h 75-g OGTT can be either
universal (in other words all, or nearly all, women are screened) (IADPSG Consensus
Panel 2010), or risk factor–based (National Institute for Health and Care Excellence
[NICE] 2015). The most common risk factors applied are age, overweightness or
obesity, prior GDM, previous macrosomic baby, parity, family history of diabetes, and
high-risk ethnicity (Farrar et al. 2017). A recent meta-analysis including 211,698
pregnant women concluded, however, that risk factors do not identify GDM cases well
(Farrar et al. 2017). According to estimations, about 40% of GDM cases are left
undiagnosed with risk-based screening compared with universal screening (Griffin et al.
2000; Pöyhönen-Alho et al. 2005).
Currently, FIGO, the European Board & College of Obstetrics and Gynaecology,
the European Association of Perinatal Medicine and the European Diabetes in
Pregnancy Study Group jointly recommend the use of universal screening with 2-h 75-g
OGTT and the IADPSG 2010/ WHO 2013 criteria (Mahmood 2018; Hod et al. 2018).
A second common screening method is the “two-step approach”, which is usually
applied universally. It includes an initial screening with a 1-h 50-g non-fasting glucose
load test, followed by a 3-h 100-g OGTT for the women who screen positive (ADA
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2019a). The thresholds for a positive glucose load test range between 7.2 mmol/L and
7.8 mmol/L (ACOG Committee on Practice Bulletins - Obstetrics 2018).

2.3.3 DIAGNOSTIC CRITERIA AND SCREENING IN FINLAND
In 2008, a working group established by the Finnish Medical Society Duodecim, the
Medical Advisory Board of the Finnish Diabetes Association, and the Finnish
Gynecological Association published the first Finnish Current Care Guidelines on
gestational diabetes (Kaaja et al. 2008). The Current Care Guidelines on GDM utilizes
the definition “carbohydrate intolerance resulting in hyperglycemia of variable severity with onset or
first recognition during pregnancy” for GDM by the WHO in 1999 (WHO 1999; Gestational
Diabetes. Current Care Guidelines 2013).
Before 2008, no uniform criteria for GDM existed in Finland despite some national
recommendations (Table 3); the cut-off for fasting values, for example, varied between
4.8–5.3 mmol/L between hospital districts (Viljanen 2013).
The working group utilized the Carpenter–Coustan diagnostic venous plasma
glucose thresholds recommended by the ADA in 2004 (ADA 2004). In contrast to the
ADA recommendations, the working group suggested that one pathologic value would
be sufficient for the diagnosis (Tables 2 and 3). The present update of the Current Care
Guidelines dates to 2013 and continues with the same recommendation for the
diagnostic criteria (Gestational Diabetes. Current Care Guidelines 2013).
Prior to the Current Care Guidelines 2008, the screening of GDM in Finland was
risk factor–based and usually performed at 24 to 28 weeks gestation with a 2-h 75-g
OGTT (Teramo 2006). Since 2008, the recommendation has been to screen the
majority of women, except for those with the lowest risk. Table 4 compares these two
screening strategies.
Table 3. Diagnostic glycemic thresholds used in Finland for gestational diabetes mellitus in
2-h 75-g oral glucose tolerance test
Year
1989
1994‡
2006
2008

Reference
Groop et al. 1989
Uusitupa et al. 1994
Teramo 2006
Kaaja et al. 2008

Number criteria*
≥2
≥2
≥2
≥1

Diagnostic thresholds (mmol/L)
fasting
1-h
≥5.0
≥10.0
≥4.8
≥10.0
≥5.1
≥10.0
≥5.3
≥10.0

* Number of pathological values needed for diagnosis
The thresholds apply to venous plasma samples unless otherwise indicated (†venous whole blood)
‡97.5th percentile values of 1978 pregnant women in a population-based Finnish study (Hyvönen 1991)
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2-h
≥7.0†
≥8.7
≥8.7
≥8.6

Table 4. Screening of gestational diabetes at 24 to 28 weeks of gestation in Finland prior
and according to Current Care Guidelines
Prior to Current Care Guidelines 2008
Risk factor-based screening
Risk factors:
BMI >25 kg/m2
Age ≥40 years
Glucosuria
Prior GDM
Prior macrosomic infant*

Current Care Guidelines 2008 and 2013
Only those with low risk are not screened
Low risk
Primiparous (all must apply)
Age <25 years
BMI 18.5–25 kg/m2
No first or second degree relative with T2D
Multiparous (all must apply)
Age <40 years
BMI <25 kg/m2
No prior GDM
No prior macrosomic infant*
High risk (screen already at 12 to 16 weeks)
BMI >35 kg/m2
Glucosuria
Prior GDM
First or second degree relative with T2D
Use of oral corticosteroids
PCOS

BMI = body mass index; GDM = gestational diabetes; PCOS = polycystic ovary syndrome; T2D = type 2 diabetes
*birth weight >4500 g

2.3.4 PREVALENCE
The International Diabetes Federation recently estimated that the global prevalence of
hyperglycemia in pregnancy is 16% (ranging from 10% in the Africa Region to 24% in
the South-East Asia Region), with GDM being the most common form (86%)
(International Diabetes Federation 2017). Due to multiple diagnostic and screening
criteria, it is hard to evaluate the true global prevalence of GDM, however. The
prevalence rates vary depending on whether studies include population-based cohorts
or cohorts with high-risk women. Further, varying registries and the possibility that the
registries underestimate the true prevalence also complicate global comparisons (Zheng
et al. 2016).
In studies in the US, the estimates of the prevalence of GDM have been 8% to 9%
(DeSisto et al. 2014; Lavery et al. 2017; Casagrande et al. 2018). A recent European
meta-analysis reported a GDM prevalence between 2% and 10% (Eades et al. 2017). It
is essential to note, however, that for Finland, for example, the included study
population was from the late 1990s, with a GDM prevalence of only 4% (PöyhönenAlho et al. 2005). An earlier European study that also included national/birth register
data for some of the countries (including Finland) reported prevalences ranging from
approximately 1% to over 20% (Buckley et al. 2012). Figure 4 shows reported
prevalences within the last decade in Europe.
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Figure 4 Reported prevalences of gestational diabetes mellitus in Europe during the last
decade (Data are from National birth registers of Finland, Sweden, Denmark, and Norway;
and Corrado et al. 2012; Avalos et al. 2013; Orecchio et al. 2014; Duran et al. 2014; Miailhe
et al. 2015; Pedersen et al. 2016; Melchior et al. 2017; Collier et al. 2017; Jeppesen et al.
2017; Ovesen et al. 2018; Benhalima et al. 2018)

The prevalence of GDM is continuously rising, and the rise seems to be a global
phenomenon. Among the Nordic countries, data from national Birth Registries reveal
an increase in the prevalence in Finland, Norway, and Denmark (Figure 5). The Finnish
Medical Birth Register has recorded data on both pathological OGTT and GDM (as
International Statistical Classification of Diseases and Related Health Problems 10th
Revision (ICD-10) code O24.4) since 2006 (Figure 5) (THL 2018). One explanation for
the difference between the prevalences of pathological OGTTs and GDM diagnosis in
the register is that, in addition to ICD-10 code O24.4 (gestational diabetes), the women
with pathological OGTT have received other ICD-10 O24 codes, mostly O24.9
(unspecified diabetes mellitus in pregnancy). In some Finnish hospitals, ICD-10 codes
have been used to distinguish GDM treated with medication (O24.4) and diet (O24.9).
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For example, in 2017 of the 9527 gravidas with pathological OGTT, 946 (9.9%) have
ICD-10 code O24.9 in the register (Unpublished data from the Finnish Medical Birth
Register, National Institute for Health and Welfare (THL)).
The difference in the prevalence of GDM in Finland compared to other Nordic
countries is to some extent explained by the differing screening strategies and diagnostic
criteria. As an example, Sweden has officially used the screening recommendation by
the European Association for the Study of Diabetes since the 1990s (Brown et al.
1996), but up to now there has been no national consensus regarding the threshold of
glycemia for the definition of GDM (Lindqvist et al. 2014; Fadl and Simmons 2016).
The most common criteria applied for the 2-h 75-g OGTT have been fasting capillary
whole blood glucose ≥6.1 mmol/L (equivalent to plasma glucose 7.0 mmol/L) and/or
2-h blood glucose ≥9 mmol/L (equivalent to plasma glucose 10.0 mmol/L), in other
words, close to those of T2D in the non-pregnant population (Fadl and Simmons
2016).
The increase in the prevalence of GDM is often linked at least partially to the
worsening obesity pandemic, but the increasing age of childbearing women also seems
to be a critical factor (Lavery et al. 2017). An additional possible factor contributing to
the increasing rate of hyperglycemia in pregnancy is the increasing prevalence of T2D in
women in childbearing age (Guariguata et al. 2014). Moreover, T2D is preceded by
IGT, and the prevalence of GDM mirrors that of the prevalence of IGT in any given
population (Hod et al. 2015).
20%
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2%
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Finland: Pathologic OGTT
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Figure 5 Prevalence of pathological oral glucose tolerance test (OGTT) during pregnancy
and gestational diabetes (GDM) in Finland, and GDM in Sweden, Norway, and Denmark
from 2006 to 2017. Data are from the Finnish Medical Birth Register, National Institute for
Health and Welfare (THL), the Swedish Medical Birth Register, the Norwegian Medical Birth
Register, and the Danish Medical Birth Register. ICD = International Statistical Classification
of Diseases and Related Health Problems 10th Revision
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The changing GDM criteria and screening approaches do additionally influence the
increase in prevalence, however. For example, in Finland, the rate of OGTTs
performed among pregnant women has changed considerably after the publishing of
the first Finnish Current Care Guidelines on GDM in 2008 (Figure 6). In 2009, the
proportion of women who participated in OGTTs during pregnancy was 42.6%, while
the same rate was 65.9% in 2017. At the same time, the proportion of pathological
OGTTs of all performed tests has risen from 20.9% to 28.8% (Figure 6) (Unpublished
data from the Finnish Medical Birth Register, National Institute for Health and Welfare
[THL]).
The impact of changing the diagnostic criteria for GDM is seen in European
studies. In the Netherlands, changing from the WHO 1999 diagnostic GDM criteria to
the WHO 2013 criteria (i.e., IADPSG 2010) would have yielded a 45% increase in the
number of cases of high-risk women (Koning et al. 2018). Changing from the
Carpenter–Coustan criteria to IADPSG 2010 criteria in Switzerland in late 2010 led to a
fourfold increase of GDM prevalence in a tertiary clinic in Basel (Huhn et al. 2017).
Similarly, in Saint Carlos Hospital in Madrid, Spain the increase of GDM prevalence
was 3.5-fold when changing the Carpenter–Coustan for IADPSG 2010 criteria (Duran
et al. 2014). This change of criteria proved cost-effective, however, with a reduction in
the rate of many adverse maternal and neonatal outcomes, including the rate of LGA,
hypertension, and cesarean sections (Duran et al. 2014).
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Figure 6 The rate of oral glucose tolerance tests (OGTT) performed during pregnancy and
the proportion of pathological tests in Finland in 2006 to 2017. Unpublished data from the
Finnish Medical Birth Register, National Institute for Health and Welfare (THL).
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2.3.5 RISK FACTORS
The risk factors for GDM can be categorized as non-modifiable, modifiable, and
disease-related (Table 5).
Table 5. Risk factors for gestational diabetes mellitus (Cleary-Goldman et al. 2005;
Ogonowski et al. 2014; Zhang et al. 2016; Wu et al. 2016; Holst et al. 2016; Yu et al. 2016;
Farrar et al. 2017; Yuen et al. 2018; Laine et al. 2018a)
Risk factors
Non-modifiable

Modifiable

Disease-related

Advancing age
Non-Anglo-European ethnicity
Genetic predisposition
Family history of diabetes
Prior macrosomic newborn
Own low birthweight of the mother
Short stature
High body mass index
Unhealthy diet
Sedentary lifestyle
Prior gestational diabetes mellitus
Polycystic ovary syndrome
Infertility problems

2.3.5.1 NON-MODIFIABLE AND DISEASE-RELATED RISK FACTORS
Advancing age (Savona-Ventura et al. 2016; Collier et al. 2017; Laine et al. 2018b)
and ethnicity of non-Anglo-European decent (Yuen et al. 2018) are well-established
non-modifiable risk factors for GDM. At least in the US, the increasing prevalence of
GDM can be partially attributed to increasing maternal age (Lavery et al. 2017). In
Finland, the proportion of parturients aged 35 years or over increased from 18.5% in
2007 to 22.5% in 2017 (Figure 7) (THL 2018).
In the First and Second Trimester Evaluation of Risk trial including 36,056 women
from the US, advancing age was associated with an increased risk for GDM after
adjustments including parity and BMI (Cleary-Goldman et al. 2005). With parturients
<35 years as a reference group, the OR for GDM was 1.8 and 2.4 for ages 35–39 years
and ages 40 years and older, respectively (Cleary-Goldman et al. 2005). Ethnicity, in
addition to being an independent risk factor for GDM (Syngelaki et al. 2015), also
modifies the effect of other risk factors (Pu et al. 2015). Non-Hispanic whites and
Hispanics are more adversely affected by advancing age compared to some other
ethnicities (Pu et al. 2015).
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Figure 7 Proportions of six age classes of parturients in Finland from 2007 to 2016. Data
from the Finnish Medical Birth Register, National Institute for Health and Welfare (THL).

Multiparity is additionally associated with an increased risk for GDM (Collier et al.
2017). Parity, however, does not seem to link directly to the occurrence of GDM or an
increase in IR during subsequent pregnancies, but the effect is mediated through
advancing maternal age and weight gain during and between pregnancies (Seghieri et al.
2005).
A prior macrosomic newborn is a known risk factor for GDM (Pintaudi et al. 2014;
Ogonowski et al. 2014; Miailhe et al. 2015). Further, prior infant birthweight of 4000 g
or more (MacNeill et al. 2001) or LGA offspring (Gaudier et al. 1992; Khambalia et al.
2013) have also been predictive for recurrence of GDM.
Similarly, prior GDM is a risk factor for GDM in following pregnancies
(Ogonowski et al. 2007). This is not surprising since many of the underlying
mechanisms behind GDM also present themselves before and between pregnancies
(see chapter Pathogenesis). The recurrence of GDM varies widely from 30% to 84%, as
reviewed by Kim and colleagues (Kim et al. 2007). Most of the more recent studies have
reported lower recurrence rates (38–47%) of GDM though (Getahun et al. 2010;
Ehrlich et al. 2011; Khambalia et al. 2013; Kruse et al. 2015). In a meta-analysis of over
19,000 pregnancies, non-Hispanic whites had a lower risk of recurrence compared with
other ethnicities (39% and 56%, respectively), and primiparous women compared with
multiparous women (40% and 73%, respectively) (Schwartz et al. 2015).
A family history of T2D can increase the odds for GDM up to threefold
(Ogonowski et al. 2007; Moosazadeh et al. 2017; Mustaniemi et al. 2018). There is
emerging evidence that GDM history of the pregnant woman’s mother is also a risk
factor of a similar magnitude for GDM (Mustaniemi et al. 2018).
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Even though polycystic ovary syndrome (PCOS) is usually considered to be a risk
factor for GDM, the data concerning the effect of PCOS on GDM risk are somewhat
inconclusive. Women with diagnosed PCOS have had two- to threefold increased odds
for GDM compared with women without diagnosed PCOS or PCOS symptoms (Lo
et al. 2006; Yu et al. 2016). Although BMI seems to be an important mediator of the
association (Kakoly et al. 2017), PCOS has also had an independent effect after
adjusting for BMI (Joham et al. 2014; Sterling et al. 2016). This independent effect has
not been shown in all studies, however (Mustaniemi et al. 2018).
Further, fertility problems are, in general, associated with a higher risk of GDM
both in women with and without PCOS (Holst et al. 2016). The risk of GDM is
increased in pregnancies with assisted reproduction technology treatment (Wang et al.
2013). The underlying mechanisms behind the fertility problem probably at least partly
explain the association. In a US cohort of women with ovulation disorders, the risk for
GDM was about double in both sub-fertile women who succeeded in conceiving
spontaneously and those who needed assisted reproduction technology treatment
compared with the risk in women with no fertility problems (Stern et al. 2015).
Finally, genetic predisposition and maternal non-modifiable physical characteristics
influence the risk for GDM. The physical characteristics that are related to an increased
risk of GDM include mother’s own low birthweight (Yeung et al. 2010; Ogonowski
et al. 2014), own low ponderal index (Crusell et al. 2017) or small body surface area at
birth (Masalin et al. 2018), own preterm birth (Mustaniemi et al. 2018), and short stature
at adulthood (Brite et al. 2014; Laine et al. 2018a).
The genetic predisposition of GDM at least partially overlaps with that of T2D and
hyperglycemia in the general population. Many of the genetic risk variants for GDM
and T2D, fasting glucose, or hyperglycemia are shared, although the associations vary
between different populations and ethnicities (Huopio et al. 2013; Lowe and Karban
2014; Wu et al. 2016; Kawai et al. 2017). In a Finnish cohort, the strongest association
with GDM was seen with variants of the melatonin receptor 1B gene (MTNR1B), with
an OR of 1.4 to 1.6 depending on the risk allele (Huopio et al. 2013).
2.3.5.2 OBESITY AND GESTATIONAL WEIGHT GAIN
Overweightness, obesity (Poston et al. 2016; Savona-Ventura et al. 2016; Collier et al.
2017; Mustaniemi et al. 2018), and excessive gestational weight gain (GWG) (Brunner
et al. 2015) are associated with development of GDM.
In some studies, the risk for GDM already starts to elevate with increasing BMI
within normal weight limits (Schummers et al. 2015; Metsälä et al. 2016). Central obesity
in adulthood, as well as obesity in adolescence and weight gain since early adulthood
were associated with elevated risk of GDM in the Nurses’ Health Study II (NHS II)
independently of other known risk factors (Yeung et al. 2010). Furthermore, weight
gain even within the normal BMI range in early adulthood was an important risk factor
for the development of GDM compared with stable weight in the Australian
Longitudinal Study on Women’s Health (Adane et al. 2017).
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Moreover, women who present with components of metabolic syndrome, including
higher BMI, in the first trimester are at increased risk of developing GDM (Migda et al.
2016).
Obesity has been globally increasing like a pandemic during recent decades, for
example the prevalence of having a BMI 30 kg/m2 or more among women of
childbearing age has increased about twofold between the 1990s and 2000s in the US
(from 15% in 1990 to 25% in the mid-2000s) and Norway (from 6% in 1995 to 16% in
2008) (Poston et al. 2016). During the last decade, the rise in the rate of obesity in
Finnish parturients has been less steep (Figure 8) (THL 2018). The mean BMI of
parturients is slowly increasing in Finland; it was 24.2 kg/m2 in 2007 and 24.9 kg/m2 in
2017 (THL 2018).
A decade ago the Institute of Medicine (IOM 2009) gave their latest
recommendations for GWG stratified by pre-pregnancy BMI (Table 6). The
recommendations are for general pregnant populations, but may also be applicable in
GDM (Wong et al. 2017). Some experts have suggested that in GDM less than the
recommended weight gain would be beneficial, although there is insufficient data to
establish an ideal weight gain range (Viecceli et al. 2017).
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Figure 8 Proportions of obese (body mass index [BMI] 30 kg/m2), overweight (BMI 25 - <30
kg/m2), and under or normal weight (BMI <25 kg/m2) parturients in Finland, 2007 to 2016.
Data from the Finnish Medical Birth Register, National Institute for Health and Welfare
(THL).

32

Table 6. Institute of Medicine 2009 recommendations for weight gain during a singleton
pregnancy (Institute of Medicine 2009)
Pre-pregnancy BMI (kg/m2)

Range of total weight gain (kg)

Underweight (<18.5)
Normal weight (18.5–24.9)
Overweight (25.0–29.9)
Obese (≥30.0)

12.5–18
11.5–16
7–11.5
5–9

Mean (range) weekly weight gain in
2nd and 3rd trimester* (kg)
0.51 (0.44–0.58)
0.42 (0.35–0.50)
0.28 (0.23–0.33)
0.22 (0.17–0.27)

*recommendations assume a 0.5–2 kg weight gain during 1st trimester
BMI = body mass index

Excessive gestational weight gain before the GDM screening test, according to
IOM 2009 recommendations, was associated with an increased risk for GDM in a metaanalysis of 13,748 pregnancies (Brunner et al. 2015). Similarly, second-trimester weight
gain of more than 7 kg associates with the higher occurrence of GDM in at-risk
women, regardless of pre-pregnancy BMI (Boriboonhirunsarn 2016). In the same study,
no association was shown between first-trimester weight gain and GDM
(Boriboonhirunsarn 2016).
Obesity itself is a risk factor for many adverse outcomes other than GDM, such as
delivery of an LGA infant, shoulder dystocia, and pre-eclampsia (Poston et al. 2016). In
a large Swedish cohort of over 1.2 million singleton births, overweight women without
GDM had similar, and obese women without GDM higher, risks for adverse maternal
outcomes and delivery of macrosomic infants as normal-weight women with GDM
(Hildén et al. 2016). Likewise, GWG has also shown an independent relationship with
LGA both in and without GDM (Cosson et al. 2016). In a meta-analysis of more than
one million women, excess GWG according to IOM guidelines associated with
an increased risk for LGA, macrosomia, and caesarean section across continents and
ethnicity (Goldstein et al. 2018).
Finally, overweightness and obesity mediate some of the effects of GDM on
the mother and offspring (see chapter 2.3.6 Short- and long-term implications).
2.3.5.3 LIFESTYLE
A healthy lifestyle relates to a lower risk of GDM in many, but not all, cohort and case–
control studies. Findings from the NHS II study suggest that the combination of three
low-risk factors before pregnancy (non-smoker, ≥150 minutes a week of moderate to
vigorous physical activity, and healthy eating [defined as the top two-fifths of
the Alternate Healthy Eating Index-2010 adherence score]) associates with a 41% lower
risk of GDM compared with all other pregnancies (Zhang et al. 2014). A combination
of four low-risk factors (BMI <25 kg/m2 in addition to the ones mentioned above)
reduces the risk even more, up to 52%. Compared with women who did not meet any
of the criteria, women who met all four had an 83% lower risk of GDM. All four
factors (i.e., healthy weight, regular exercise, healthy diet, and not smoking) were
significantly and independently associated with a lower GDM risk (Zhang et al. 2014).
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In a cohort from NHS II, three different diet scores previously associated with
lower risk for T2D were, before pregnancy, all inversely associated with the risk of
GDM (Tobias et al. 2012). The associations remained significant even after adjustments
for several confounders including maternal age, BMI, and physical activity. The scores
in question were for the alternate Mediterranean, Dietary Approaches to Stop
Hypertension, and alternate Healthy Eating Index dietary patterns (Tobias et al. 2012).
In observational studies, the protective dietary patterns are characterized by high
consumption of vegetables, fruit, and dietary fiber (He et al. 2015; Tryggvadottir et al.
2016). Further, low consumption of high-fat or high-sugar foods, and red and
processed meat are found to be protective (He et al. 2015; Tryggvadottir et al. 2016).
The abovementioned finding concerning the association of regular exercise with
reduced risk of GDM in the NHS II study is in line with earlier studies, as indicated by
a meta-analysis by Tobias and associates (2011). In the meta-analysis, both prepregnancy and early pregnancy physical activity were associated with a lower risk of
GDM (Tobias et al. 2011). Further, lower pre-pregnancy fitness measured objectively
with a maximal exercise treadmill test was associated with an increased risk of GDM
(Whitaker et al. 2018). The association of physical activity with reduced risk for GDM
has not been shown, however, in all studies (van der Ploeg et al. 2011).
The impact of physical activity is probably dose-dependent. The amount of total
physical activity (metabolic equivalent task [MET]-hours per week) before pregnancy
was inversely associated with the relative risk of GDM in the NHS II study, even after
adjusting for BMI and other confounding factors (Zhang et al. 2006). In a Norwegian
population-based cohort, daily physical activity in early pregnancy, objectively measured
as steps per day with an accelerometer, was inversely associated with the risk of GDM
(Morkrid et al. 2014). This finding also persisted after adjustment for age, BMI, and
other confounding factors (Morkrid et al. 2014).
It is, however, currently unclear what the minimum dose or subtype of leisure-time
physical activity (LTPA) is for GDM prevention (Mudd et al. 2013; Dagfinn et al. 2016).
For T2D, the risk continuously reduces with increasing amount of LTPA, reductions in
risk are observed up to 5–7 h of LTPA per week, while further reductions beyond this
range cannot be excluded (Dagfinn et al. 2015). Moreover, the association is not linear,
as there is a steeper reduction of risk at lower activity levels than higher activity levels
(Dagfinn et al. 2015). A similar nonlinear association also seems to exist between
physical activity and GDM (Dagfinn et al. 2016). In a dose–response analysis, the risk
reduction was 30% and 37% for 7 hours of LTPA per week in pre-pregnancy and
pregnancy, respectively, compared with no physical activity (Dagfinn et al. 2016). It has
additionally been estimated that weekly exercise ≥28 MET-hours would reduce the risk
of GDM by 33% (Dempsey et al. 2004; Zavorsky and Longo 2011). These MET-hours
equal about 11 hours of light walking, or 5 hours of bicycling on a stationary bike per
week (Zavorsky and Longo 2011).
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2.3.5.4 SOCIOECONOMIC STATUS
There are repeated reports concerning the associations between marked socioeconomic
gradients and SES with health. It is possible to assess SES in several ways, such as with
education, occupation, income, wealth, or residential neighborhood. These different
indicators seem to associate differently with health outcomes in general and during
different phases of the life course (Galobardes et al. 2007). As an example, education is
interpreted to reflect the knowledge-related assets of an individual (Galobardes et al.
2007). Income, on the other hand, can be seen to have a direct effect on material
resources, and hence facilitate health-promoting factors like living environment or
accessibility of health services (Galobardes et al. 2007). It is additionally possible that
the association between SES and health represents, at least to some extent, reverse
causation with poor health in childhood and adolescence leading to lower educational
attainment and earnings (Kawachi et al. 2010; Lynch and Hippel 2016).
Higher educational attainment has usually associated with better health outcomes
(Sasson 2016). The level of income similarly associates inversely with the prevalence of
many chronic non-communicable diseases, including diabetes (Blackwell et al. 2014). In
fact, the association between socioeconomic deprivation, low educational attainment,
and low income levels with an increased risk for T2D has been observed in several
studies (Agardh et al. 2011; Maier et al. 2013; Ding et al. 2015).
The data concerning the association between SES and GDM is, however, more
inconclusive. In large cohorts, with SES assessed by different indices based on the area
of residence, GDM has been associated with a disadvantage or social deprivation (Anna
et al. 2008; Collier et al. 2017). In a smaller English cohort of Caucasian pregnant
women, no association presented between neighborhood deprivation and rate of GDM,
however (Janghorbani et al. 2006).
In a Chinese study, educational attainment was inversely associated with risk for
GDM, while no association was shown between household income and GDM (Song
et al. 2017). In a Dutch study, higher rates of overweightness and obesity in women
with lower educational attainment mostly explained a similar inverse association
between educational attainment and risk for GDM (Bouthoorn et al. 2015). In the
Australian Longitudinal Study on Women’s Health, higher education also protected
from GDM compared with low education (van der Ploeg et al. 2011).
Low income, on the other hand, was associated with an increased risk of GDM in
a Canadian and an increased risk of maternal complications including GDM in a Qatari
study (Joseph et al. 2007; Bener et al. 2011). In contrast, some studies have found no
association between either income or education and the risk for GDM (Al-Rubeaan
et al. 2014).
Details of studies assessing socioeconomic factors and the risk of GDM are
presented in Table 7.
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Table 7. Association of socioeconomic factors and risk of gestational diabetes (GDM). The associations are summarized as ß = inverse association
between the risk of GDM and improving socioeconomic status (SES) indicator, increasing income, or increasing income; Û = no association.

2.3.6 SHORT- AND LONG-TERM IMPLICATIONS
2.3.6.1 THE MOTHER
Gestational diabetes associates with both short- and long-term ramifications for
the mother. The magnitude of the risks for individual outcomes varies according to
both the criteria applied to diagnose GDM and the study population.
GDM is an independent risk factor for developing hypertensive disorders in
pregnancy (Black et al. 2010), including pre-eclampsia (Östlund et al. 2004; Schneider
et al. 2012).
Wendland and associates (2012) performed a meta-analysis of maternal adverse
pregnancy outcomes associated with untreated GDM according to WHO 1999 and
IADPSG 2010 diagnostic criteria compared to controls with normal glucose tolerance.
The meta-analysis included data from 8 cohort studies involving over 48,000 women.
The included studies permitted the evaluation of untreated GDM diagnosed by WHO
or IADPSG criteria since women identified as having GDM by the diagnostic criteria in
use at the moment of the testing in the study site were excluded or could be separated
from the analyses. Table 8 summarizes the results of the meta-analysis concerning
maternal adverse pregnancy outcomes (Wendland et al. 2012).
The association between GDM and the development of later T2D is wellestablished (Kim et al. 2002; Bellamy et al. 2009; Daly et al. 2018). The association is
not surprising, since the original criteria for GDM were based on the ability of levels of
glycemia during pregnancy to predict later maternal diabetes (O'Sullivan and Mahan
1964).
The cumulative lifetime risk for developing T2D after GDM is up to 70% (Kim
et al. 2002). In a recent large retrospective population-based cohort study from
the United Kingdom (UK), the risk for subsequent T2D after GDM was over 20 times
the risk of women without GDM in their index pregnancy (Daly et al. 2018). Glucose
levels in OGTT, both elevated fasting levels as well as post-challenge levels, are
associated with the future risk of T2D (Kim et al. 2002). The need of insulin for
managing GDM, and subsequent pregnancies with recurrent GDM, seems to further
increase the risk of developing diabetes later in life (Russell et al. 2007).
Table 8. Association between maternal pregnancy outcomes and gestational diabetes
(GDM) as defined by the World Health Organization (WHO) 1999 and the International
Association of the Diabetes and Pregnancy Study Groups (IADPSG) 2010 criteria in
untreated women (Data from Wendland et al. 2012)
Outcome

GDM criteria

n (untreated GDM / non-GDM)

RR

95% CI

Pre-eclampsia

WHO
IADPSG
WHO
IADPSG

2759 / 23918
6026 / 29026
2819 / 27226
5830 / 27958

1.69
1.71
1.37
1.23

1.31 to 2.18
1.37 to 2.14
1.24 to 1.50
1.01 to 1.51

Cesarean delivery

RR = relative risk: CI = confidence interval
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In women with prior GDM, the risk of ischemic heart disease was almost threefold
higher and the risk of hypertensive disorders double compared with the risk of their
peers with no history of GDM in a UK cohort (Daly et al. 2018). A similar two- to
threefold increase of cardiovascular disease has also been shown in other cohorts (Shah
et al. 2008; Goueslard et al. 2016; Tobias et al. 2017). The risk for diabetes and
hypertension are substantially higher, four- to five-fold, in overweight compared to
healthy weight women with a history of GDM (Pirkola et al. 2010).
A higher risk for metabolic syndrome also presents in women with prior GDM
(Vilmi-Kerälä et al. 2015). In a meta-analysis including 5832 women, the OR for
metabolic syndrome after GDM was 4.0 in the total cohort, and 4.5 in the subgroup of
Caucasians (Xu et al. 2014).
As there are no evidence-based diagnostic criteria for early GDM, reliable data on
its implications are also lacking (Immanuel and Simmons 2017). In the largest up-todate cohort including 4873 Australian women, hypertensive disorders in pregnancy,
preterm delivery and cesarean sections were more prevalent in women with early
compared with late GDM (Sweeting et al. 2016). A meta-analysis by Immanuel and
Simmons (2017) of up to 10,091 women (including the Australian study) did not
support these findings, but the authors rated the certainty of evidence as low.
Most studies assessing the association between glucose levels during pregnancy and
maternal outcomes are done after 24 weeks gestation, with only a few assessing
the earlier levels of blood glucose. One of these few exceptions found an association
between first-trimester fasting glucose and the rate of primary cesarean sections (RiskinMashiah et al. 2009). In addition, a fasting glucose of at least 5.3 mmol/L during
the first trimester has been associated with gestational hypertension in another study
(Salman et al. 2018).
2.3.6.2 THE OFFSPRING
In the HAPO study, the risk of an LGA infant, increased birthweight, increased cordblood serum C-peptin level, and combined outcome of shoulder dystocia or birth injury
continuously increased as a function of maternal glucose values in a 2-h 75-g OGTT
(HAPO Study Cooperative Research Group et al. 2008). The association demonstrated
that at glycemia levels below those of overt diabetes, there was no apparent threshold at
which the risk increased (HAPO Study Cooperative Research Group et al. 2008).
The increasing post-load glucose values were similarly associated with increasing need
of intensive neonatal care, hyperbilirubinemia, and preterm birth, and the increasing 1-h
value was additionally associated with increased risk of neonatal hypoglycemia (HAPO
Study Cooperative Research Group et al. 2008).
Black and colleagues (2010) later repeated the finding concerning LGA, shoulder
dystocia/birth injury, hyperbilirubinemia, and preterm birth. In a meta-analysis,
the association between glucose values and LGA, macrosomia, and shoulder dystocia
was strongest for the fasting values in the OGTT (Farrar et al. 2016). On the other
hand, in another study, both increasing pre-gestational BMI and GWG before the third
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trimester contributed to increasing birthweight of the offspring, in addition to
postprandial blood glucose values in women with GDM (da Silva et al. 2018).
Table 9 summarizes the results of a meta-analysis of perinatal adverse pregnancy
outcomes associated with untreated GDM according to WHO 1999 and IADPSG 2010
diagnostic criteria (Wendland et al. 2012). Table 10 shows neonatal outcomes of
mothers with GDM compared with controls in a register-based cohort in Finland in
2010 (in other words, during the current diagnostic criteria) (Koivunen et al. 2017).
Finally, both GDM and obesity seem to be independent risk factors for severe
respiratory distress syndrome in late-preterm (34+0 – 36+6 weeks of gestation) and
term (≥37+0 weeks of gestation) infants (Mortier et al. 2017).
Few studies have assessed the association of maternal glucose values before
24 weeks of gestation and neonatal outcomes. First trimester fasting glucose levels have
been associated with LGA/macrosomia, even after the exclusion of women who later
develop GDM (Riskin-Mashiah et al. 2009). In addition, fasting glucose of at least
5.3 mmol/L associated with LGA, and macrosomia in another study (Salman et al.
2018). Adjustments (including, e.g., GDM and maternal age) attenuated the individual
associations, but the composite outcome of macrosomia, LGA, or shoulder dystocia
remained significant (Salman et al. 2018). A systematic review and meta-analysis
revealed, however, no statistically significant difference in LGA or macrosomia between
early- and late-onset GDM, while the risk for perinatal mortality and neonatal
hypoglycemia was higher in early compared with late GDM (Immanuel and Simmons
2017).
Table 9. Association between perinatal outcomes and gestational diabetes (GDM) as
defined by the World Health Organization (WHO) 1999 and the International Association of
the Diabetes and Pregnancy Study Groups (IADPSG) 2010 criteria in untreated women
(Data from Wendland et al. 2012)
Outcome
Macrosomia
Large-for-gestational age
Perinatal mortality

GDM criteria
WHO
IADPSG
WHO
IADPSG
WHO
IADPSG

n (untreated GDM / non-GDM)
664 / 10924
802 / 3575
3054 / 25701
6201 / 29701
456 / 8616
812 / 3619

RR
1.81
1.38
1.53
1.73
1.55
1.40

95% CI
1.47 to 2.22
1.14 to 1.68
1.39 to 1.69
1.28 to 2.35
0.88 to 2.73
0.91 to 2.14

RR = relative risk: CI = confidence interval

Table 10. Crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) for
neonatal outcomes in women with treated gestational diabetes compared with controls in
Finland in 2010 (Adapted from Koivunen et al. 2017)
Outcome
Large-for-gestational age
Preterm births
Care in a neonatal ward
Hypoglycemia

†

Unadjusted
OR
2.29
1.27
1.73
10.3

95% CI
2.00 to 2.63
1.13 to 1.43
1.60 to 1.88
9.52 to 11.14

Adjusted*
OR
1.46
1.26
1.48
8.40

*for maternal age, parity, and pre-pregnancy body mass index; †birthweight ≥2 standard deviations
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95% CI
1.26 to 1.69
1.11 to 1.42
1.36 to 1.61
7.71 to 9.15

Review of the literature

Like for the mother, GDM also has long-term adverse implications for the
offspring. The offspring of mothers with GDM or diabetes are exposed to
hyperglycemia in utero, which in turn can deviate the normal pattern of fetal
development (Monteiro et al. 2016). The phenomenon, currently referred to as fetal or
gestational programming, was first introduced by David J. Barker (1990). Barker’s
Developmental Origins of Health and Disease theory originated from the hypothesis that
undernutrition in utero leads to coronary heart disease in later life, supported by the
association between low birthweight and the disease (Barker 1990; 2007). Since then,
similar associations have been shown between low birthweight and, for example, T2D
and metabolic syndrome (Monteiro et al. 2016). The Developmental Origins of Health and
Disease theory seems to also apply to adverse intrauterine environments other than
undernutrition, including the hyperglycemia mentioned above (Monteiro et al. 2016).
Tam and colleagues (2017) assessed a subgroup of 970 mother–child dyads from
the HAPO cohort seven years after delivery. The offspring of mothers with GDM had
higher rates of abnormal glucose tolerance, overweightness or obesity, higher BMI and
higher blood pressure, and a trend toward reduced b-cell function than those born to
mothers without GDM. The associations were independent of pre-pregnancy BMI
(Tam et al. 2017). The maternal glucose levels in OGTT were associated with increased
risk for childhood overweightness or obesity among girls, but not boys (Tam et al.
2017). In contrast, in another study, the impact of maternal blood glucose levels and
GDM, adjusted for maternal pre-pregnancy BMI, was a more critical factor for male
offspring adiposity, assessed at the age of 5–7 years (Le Moullec et al. 2018).
GDM is additionally associated, to some extent, with offspring unhealthy body
composition and higher BMI in adulthood (assessed at the age of 24) (Kaseva et al.
2018). The effect of the maternal pre-pregnancy BMI, however, did seem to be a more
crucial factor, partly explaining the connection (Kaseva et al. 2018).
In both adolescent and adult offspring of mothers with GDM, metabolic syndrome
and adverse metabolic phenotypes are three to four times more prevalent compared
with their peers of mothers with no GDM (Vääräsmäki et al. 2009; Clausen et al. 2009).
Furthermore, the risk for T2D and pre-diabetes (IGT or impaired fasting glucose) in
adult offspring of a mother with GDM can be over sevenfold above the risk of the
background population (Clausen et al. 2008).

2.3.7 MANAGEMENT
2.3.7.1 EFFECT OF TREATMENT
The primary goal of the treatment of GDM is to avoid short-term adverse
pregnancy outcomes (Vääräsmäki 2016). A Cochrane review (including a meta-analysis
of 15 studies involving 4501 women and 3768 infants) concluded that the management
of GDM with lifestyle interventions reduces the risk for LGA/macrosomia and
decreases birthweight compared with controls (Brown et al. 2017). In the same review,
no significant effect was evident for maternal outcomes like hypertensive disorders of
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pregnancy or the rate of cesarean sections (Brown et al. 2017). The results concerning
the effect of the treatment of GDM differ between individual studies, and differing
diagnostic criteria may partly explain the inconsistency.
Table 11 presents the results of the two largest randomized controlled trials (RCTs)
to date comparing the treatment of GDM with dietary advice, blood glucose
monitoring, and insulin, if necessary, with controls (Crowther et al. 2005; Landon et al.
2009). The study by Crowther and associates (2005) utilized the diagnostic cut-offs for
glucose intolerance in pregnancy by the WHO at the time of the beginning of the trial (i.e.,
fasting plasma glucose <7.8 mmol/L and 2-h value 7.8 to 11.0 mmol/L in a 75-g
OGTT), while women with diabetic glycemia levels in the OGTT were not eligible. In
the study by Landon and associates (2009), the definition for mild GDM was a fasting
glucose level of <5.3 mmol/L and two or three glucose values that exceeded
the following thresholds in a 3-h 100-g OGTT: 1-h >10.0 mmol/L, 2-h >8.6 mmol/L,
and 3-h >7.8 mmol/L. Cost-effectiveness analyses based on the cost of quality-adjusted
life years of both these studies suggest that treatment of GDM is cost-effective (Moss
et al. 2007; Ohno et al. 2011).
Table 11. Relative risk (RR) with 95% confidence intervals (CI) for adverse perinatal
outcomes in intervention vs. control arms in Australian Carbohydrate Intolerance Study in
Pregnant Women (ACHOIS) and Maternal and Fetal Medicine Unit Network (MFMU)
Randomized Trial of Treatment for Mild Gestational Diabetes
ACHOIS1 (n=1000)

MFMU2 (n=900)

Outcome

RR

95% CI

RR

95% CI

Large-for-gestational age
Macrosomia (>4000 g)

0.62
0.47

0.47 to 0.81
0.34 to 0.64

0.49
0.41

0.32 to 0.76
0.26 to 0.66

Shoulder dystocia

0.46

0.19 to 1.10

0.37

0.14 to 0.97

Admission to neonatal intensive care unit

1.13

1.03 to 1.23

0.77

0.51 to 1.18

Pre-eclampsia
Cesarean section

0.70
0.97

0.51 to 0.95
0.81 to 1.16

0.46
0.79

0.22 to 0.97
0.64 to 0.99

1Crowther

et al. 2005, 2Landon et al. 2009

2.3.7.2 INTERNATIONAL GUIDELINES FOR TREATMENT
All the major guidelines recommend a non-pharmaceutical approach as the first line of
treatment for GDM (NICE 2015; Hod et al. 2015; ADA 2019b). The approach includes
changes in lifestyle and blood glucose self-monitoring. Table 12 shows the target levels
for blood glucose monitoring according to selected guidelines.
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Table 12. Target capillary-plasma glucose levels in gestational diabetes according to
selected current guidelines
Capillary-plasma glucose level (mmol/L)
Advising body (reference)

Fasting

1-h after meal

2-h after meal

Finland (Gestational Diabetes. Current Care Guidelines 2013)

<5.5

<7.8

-

ADIPS (Nankervis et al. 2014)

≤5.0

≤7.4

≤6.7

FIGO (Hod et al. 2015)

<5.3

<7.8

<6.8

NICE (2015)

<5.3

<7.8

<6.4

ACOG (2018) and ADA (2019a)

<5.3

<7.8

<6.7

ACOG = The American College of Obstetricians and Gynecologists; ADA = American Diabetes Association; ADIPS = the
Australasian Diabetes in Pregnancy Society; FIGO = The International Federation of Gynecology and Obstetrics; NICE =
the National Institute for Health and Care Excellence

The optimal dietary composition for treating GDM and preventing related
complications is unknown (Han et al. 2017; Yamamoto et al. 2018). ACOG endorses
limiting carbohydrate intake to 33–40 energy % and consuming complex carbohydrates
over simple carbohydrates (ACOG Committee on Practice Bulletins - Obstetrics 2018).
The NICE guidelines recommends referring all GDM patients to a dietician and eating
a healthy diet, with the emphasis on food with a low glycemic index (NICE 2015).
Even less is known about optimizing the physical activity levels of GDM patients.
The NICE guidelines currently recommend regular exercise to improve blood glucose
control (for example, walking for 30 minutes after a meal) (NICE 2015). ACOG
recommends a moderate exercise program aiming for 30 minutes of moderate-intensity
aerobic exercise at least five days a week or a minimum of 150 minutes per week
(ACOG Committee on Practice Bulletins - Obstetrics 2018).
The major guidelines differ regarding the antidiabetic medication. In the NICE
guidelines, metformin is the first line medication when a GDM patient is unable to
meet the desired blood glucose targets with lifestyle changes (NICE 2015). The
guideline recommends insulin if the response to metformin is inadequate, or if the
fasting blood glucose levels are ≥7.0 mmol/L already at diagnosis. Further, glyburide
(also known as glibenclamide) is an option in the NICE guidelines (NICE 2015). ADA,
and with it ACOG, consider insulin the preferred medication, since it does not cross
the placenta, and oral agents have lacked long-term safety data. Both metformin and
glyburide are, however, secondary options (ACOG Committee on Practice Bulletins Obstetrics 2018; ADA 2019b). Insulin, metformin, and glyburide are all possible first
line treatments according to FIGO (Hod et al. 2015). There is emerging evidence that
perinatal exposure to metformin relates to increased offspring weight, but not BMI, in
children up to 9 years of age (van Weelden et al. 2018). The clinical meaning of the
finding is currently unclear.
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2.3.7.3 FINNISH ANTENATAL CARE AND THE CURRENT CARE GUIDELINES ON GESTATIONAL
DIABETES

In Finland, the public healthcare system offers all pregnant women antenatal healthcare
on a regular basis in maternity clinics at primary healthcare centers. Since 2013, the
usual antenatal follow-up in primary care includes at least six visits with a nurse and two
examinations by a general physician (Kansallinen äitiyshuollon asiantuntijaryhmä 2013).
Before 2013, the respective numbers were 10 to 15 visits with a nurse and 3 visits with
a physician (Nuutila 2011). The maternity clinics in the primary healthcare also screen
for and initiate the treatment of GDM. Figure 9 shows a schematic of the screening and
treatment of GDM in Finland.
Following the national GDM Current Care Guidelines, women diagnosed with
GDM at any time point during pregnancy (including early pregnancy) receive
counseling on self-monitoring of blood glucose and lifestyle in the primary care centers
(Gestational Diabetes. Current Care Guidelines 2013). Dietary counseling follows
nutritional guidelines for both diabetic and pregnant women (Valtion
ravitsemusneuvottelukunta 2014). The physical activity recommendations correspond
with those for the general population (Physical activity and exercise training for adults
in sickness and in health. Current Care Guidelines 2016).
Regarding GWG, the first edition of the Current Care Guidelines in 2008
recommended no weight gain for obese women during the first two trimesters (Kaaja
et al. 2008). Simultaneously, however, the first edition also referred to IOM 1990
guidelines, which recommend at least 6.8 kg GWG for gravidas with BMI > 29.0 kg/m2
(IOM 1990). The 2013 edition utilizes the recommendations given by the IOM in 2009
(IOM 2009). The working group of Current Care Guidelines additionally recommends,
however, that after the diagnosis, obese GDM patients should gain as little weight as
possible (Gestational Diabetes. Current Care Guidelines 2013).
If glucose values in self-monitoring repeatedly exceed the target range (Table 12,
Figure 9), the maternity clinic refers the woman to a maternity hospital for further
counseling by a diabetes nurse and to an obstetrician for an assessment regarding
the possible need of medication and planning for the delivery. Both insulin and
metformin are currently in use (Gestational Diabetes. Current Care Guidelines 2013).
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Lifestyle counselling in primary care:
healthy diet, physical activity,
gestational weight gain targets

Early pregnancy

+

H12-16

Prior GDM, BMI ≥35 kg/m2, glycosuria, T2D in family, PCOS,
use of oral corticosteroids

Normal follow-up

2-h 75-g OGTT

Multiparous: age >40 year OR BMI >25 kg/m2 OR
prior offspring with macrosomia

Normal follow-up

Normal

+

H24-28

Primiparous: age >25 years OR BMI > 25kg/m2

2-h 75-g OGTT

Pathol.

Gestational diabetes
Normal

Normal follow-up

Primary care:
diet, physical activity, self-monitoring of
blood glucose, weight management

fP-Gluk <5.5 mmol/l
and 1-h postprandial
<7.8 mmol/L

repeatedly
fP-Gluk ≥5.5 mmol/l
and/or 1-h postprandial
≥7.8 mmol/L

Continue
self-monitoring

Medication (insulin
and/or metformin) and
follow-up at maternity
hospital
Planning of
delivery H36-37

Delivery

Delivery

Figure 9 Screening and treatment of gestational diabetes (GDM) in Finland, according to
the Finnish Current Care Guidelines. BMI = body mass index, fP-Gluk = fasting plasma
glucose, H = weeks of gestation, T2D = type 2 diabetes, PCOS = polycystic ovary
syndrome, OGTT = oral glucose tolerance test
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2.3.8 PREVENTION OF GESTATIONAL DIABETES BY LIFESTYLE INTERVENTION
During the last decade, there has been considerable interest in the possibility to apply
lifestyle interventions for the prevention of GDM (Egan and Simmons 2019). This is
not surprising since a healthier lifestyle before and during pregnancy, and limited GWG
have been associated with a lower occurrence of GDM in observational studies.
Moreover, lifestyle interventions have succeeded in T2D prevention, including among
women with a history of GDM (Tuomilehto et al. 2001; Knowler et al. 2002; Ratner
et al. 2008).
Since maternal pre-pregnancy and early pregnancy metabolic conditions already
program maternal/placental functions in early pregnancy thus affecting perinatal
outcomes, theoretically an intervention initiated before pregnancy could have a
significant impact on the incidence of GDM and related complications (Catalano and
deMouzon 2015). There is a lack of pre-pregnancy GDM prevention studies, although
the need for pre- and interconception care programs, including prevention of GDM
recurrence, is acknowledged (Catalano and deMouzon 2015; Tieu et al. 2017). There
are, however, some protocols published of ongoing pre-pregnancy lifestyle intervention
trials that include GDM as a pre-specified outcome (LeBlanc et al. 2016; Bogaerts et al.
2017). Additionally, public trial registries include intervention protocols of ongoing
trials (ClinicalTrials.gov Identifiers: NCT00924599 and NCT03146156; and
isrctn.com/ISRCTN76189107).
One preconception trial that primarily assessed the effect of a 6-month lifestyle
intervention on the rate of live births within 24 months in obese infertile women found
no difference between intervention groups in the incidence of GDM, whereas a greater
weight loss before pregnancy was achieved in the intervention group (Mutsaerts et al.
2016). Further, in a low-income setting in India, a daily snack containing leafy green
vegetables, fruit, and milk before and during pregnancy reduced the incidence of GDM
(Sahariah et al. 2016).
Studies aiming at the prevention of GDM or related adverse outcomes and
conducted during pregnancy have had conflicting results. Some studies have utilized
lifestyle interventions focusing on diet (Quinlivan et al. 2011; Walsh et al. 2012), others
focus on physical activity (Cordero et al. 2015; Barakat et al. 2016; Wang et al. 2017), or
both (Quinlivan et al. 2011; Luoto et al. 2011; Vinter et al. 2011; Renault et al. 2014; Hui
et al. 2014; Dodd et al. 2014c; Cordero et al. 2015; Poston et al. 2015; Barakat et al.
2016; Simmons et al. 2017; Wang et al. 2017; Haby et al. 2018).
Table 13 summarizes lifestyle intervention trials combining both dietary and
physical activity and aiming at the prevention of GDM, and their impact on selected
maternal and neonatal outcomes. The largest GDM trials to-date have included women
at low or medium risk, in addition to high risk (Dodd et al. 2014; Poston et al. 2015). As
seen in for example the prevention of T2D, the efficacy of intervention trials is usually
highest among participants at high risk (Tuomilehto et al. 2001). Moreover, most of the
studies, with few exceptions (Luoto et al. 2011; Simmons et al. 2017), have not assessed
the participants’ glucose tolerance at the time of intervention initiation.
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A standardized protocol of dietary and
lifestyle counseling given by a
dietician at enrollment, including a
recommendation of moderateintensity exercise 3 to 5 times per
week.

Intervention

N=54
Feasibility Six sessions with a dietician with
Normal OGTT at 8–
individually tailored dietary advice,
12 weeks gestation
and six appointments with a
and at least one:
physiotherapist.
(Korpi-Hyövälti et BMI >25 kg/m2, prior
al. 2011)
GDM/ macrosomic
infant (>4500 g), age
>40 years, family
history of diabetes

Korpi-Hyövälti
Feasibility
Finland

(Asbee et al.
2009)

outcome
N=100
GWG
18–49 years;
BMI ≤ 40 kg/m2;
6-16 weeks gestation

(Reference)
Asbee
RCT
United States

Primary

Cohort

Study

Modified
WHO 1999:
fasting value
<5.6 mmol/L
and 2-h value
<7.8 mmol/L

N/A

GDM criteria

N/A

Lifestyle
N/A

3.7% vs. 11.1%
p=NS

Û

GDM

GWG:
11.4 (6.0) vs.
13.9 (5.1)
p=0.062

EGWG-IOM:
38.6% vs 51.2%
p=0.21

GWG
GWG:
13.0 (5.7) vs.
16.1 (7.0)
p=0.01

Outcomes

↔

Hypertension
↔

BW:
3871 (567) vs.
3491 (573)
p=0.047

Infant
N/A

Table 13. Combined diet and physical activity lifestyle intervention trials (randomized controlled trials [RCT] or randomized pilot/feasibility trials) during
pregnancy aiming at the reduction of gestational diabetes (GDM) incidence as either primary or secondary outcomes, and their impact on selected
maternal and neonatal outcomes (reported for intervention vs. control as relative risk [RR] or odds ratios [OR] with 95% confidence intervals [CI], means
with standard deviations [SD], medians with interquartile range [IQR] or incidence [%], unless otherwise indicated). Gestational weight gain (GWG) is
presented as kilograms, and birthweight (BW) as grams. Lifestyle findings are summarized as Ý = significant improvements/healthier compared to
controls, ß = significant deteriorations/unhealthier compared to controls, and Û = no change/difference. For studies with more than two intervention arms,
only the combined lifestyle vs. controls result is reported.

(Hui et al. 2012)

Hui
RCT
Canada

(Vinter et al.
2011)

LiP trial
RCT
Denmark

(Luoto et al.
2011)

(Reference)
NELLI [Neuvonta,
Elintavat ja
Liikunta
neuvolassa]
Cluster RCT
Finland

Study

GDM,
GWG,
and
others

outcome
GDM

Primary

N=244
EGWG
<26 weeks gestation

N=360
18–40 years
BMI 30–45 kg/m2
10–14 weeks
gestation

N=399
Normal OGTT at 8–
12 weeks gestation;
and at least one:
BMI ≥25 kg/m2,
prior GDM/glucose
intolerance in
pregnancy/
macrosomic infant
(>4500 g), age ≥40
years, family history
of diabetes

Cohort

Instructed home exercise, communitybased group exercise sessions, and
two dietary counseling sessions with a
dietician.

Dietary advice based on Danish
recommendations with individualized
energy requirements according to
weight and level of activity.
Advice to be moderately physically
active 30–60 min daily, 1h/week
training classes with physiotherapist.

Individual intensified counseling on
physical activity and diet and weight
gain at five antenatal visits in the
communal antenatal maternity clinics.

Intervention

N/A

2-h value
≥9.0 mmol/L
in a 2-h 75-g
OGTT

Finnish
National
Criteria
(Current Care
Guidelines
2008)

GDM criteria

Diet: Ý
PA: Ý

N/A

Lifestyle
Diet: Ý
PA: Û

1.8% vs. 3.3%
p=NS

6.0% vs. 5.2%
p=0.76

GDM
20.5% vs. 16.3%
p=0.36

EGWG-IOM:
35% vs. 55%
p=0.008

GWG:
14.1 (6.0) vs.
15.2 (5.9)
p=0.28

GWG:
7.0 (4.7 to 10.6) vs.
8.6 (5.7 to 11.5)
p=0.01

GWG
GWG:
13.5 (5.8) vs.
14.2 (5.1)
p=0.52

Outcomes

N/A

PE/PIH:
15.4% vs.
18.2%
p=0.51

Hypertension
N/A

LGA:
11.8% vs. 17.0%
p=0.41

BW:
3490 (509) vs.
3516 (530)
p=0.73

LGA:
15.4% vs.11.7%
p=0.34

BW:
3742 (3464 to 4070)
vs.
3596 (3335 to
3930) p=0.039

LGA:
12.1% vs. 19.7%
p=0.042

Infant
BW:
3532 (514) vs.
3659 (455);
Mean difference 133
(-231 to -35)
p=0.008

(Dodd et al.
2014a; 2014c)

LIMIT trial
RCT
New Zealand

(Renault et al.
2014)

TOP trial
RCT
Denmark

(Rauh et al.
2013)

N=2212
BMI ≥25 kg/m2,
10–20 weeks
gestation

LGA

N=425
GWG
>18 years,
BMI ≥30 kg/m2,
<16 weeks gestation

outcome
N=226
EGWG
>18 years,
BMI ≥18.5 kg/m2,
<18 weeks gestation

(Reference)
FeLIPO trial
Cluster RCT
Germany

Primary

Cohort

Study

Table 13. Continued

Dietary, exercise, and behavioral
strategies delivered in three face-toface and three telephone encounters;
dietary advice was given according to
National Healthy Eating guidelines;
advice to increase physical activity
(walking and incidental activity).

Diet (D): a hypocaloric Mediterraneanstyle diet, every two weeks a meeting
with a dietician. Physical activity (PA):
aiming at a daily step count of 11,000.
The trial compared three groups:
PA+D, PA, and control (C).
Results are presented for PA+D vs. C.

Two individually delivered counseling
sessions focusing on diet, physical
activity, and weight monitoring.

Intervention

75-g OGTT
with fasting
value ≥5.5
mmol/L or
2-h ≥7.8
mmol/L

2-h value
≥9.0 mmol/L
in a 2-h 75-g
OGTT

German
Society of
Gynecology
and
Obstetrics
2010
guidelines
(values N/A)

GDM criteria

Diet: Ý
PA: Ý

N/A

Lifestyle
Diet: Ý
PA: Û

RR 1.21 (0.96 to
1.52)
p=0.11

3.8% vs. 5.2%
p=NS

GDM
GDM or IGT:
5.4% vs 12.2%
p=0.084

GWG:
9.4 (5.7) vs.
9.4 (5.8);
Mean difference
−0.04 (−0.55 to
0.48)
p=0.89

Median GWG:
8.6 (range -9.6 to
34.1) vs.
10.9 (range
-4.4 to 28.7)
p=0.01

EGWG-IOM:
OR 0.4 (0.2 to 0.7)
p=0.003

GWG
GWG:
14.1 (4.1) vs.
15.6 (5.8)
p=0.035

Outcomes

RR 1.03 (0.71
to 1.47)
p=0.89

PIH:
RR 1.05 (0.81
to 1.38)
p=0.70

PE and PIH:
5.4% vs. 9.0%
p=NS

Hypertension
N/A

LGA:
RR 0.90 (0.77 to
1.07)
p=0.24

BW >4000:
RR 0.82 (0.68 to
0.99)
p=0.04

LGA:
6.9% vs. 6.7%
p=NS

Median BW:
3605 (range 1945 to
5450) vs.
3641 (range 1223 to
5280)
p=NS

LGA:
6.4% vs. 8.9%
p=0.50

Infant
BW:
3406 (402) vs.
3414 (445)
p=0.89

(Poston et al.
2015)

N=1555
>16 years,
BMI ≥30 kg/m2,
15–19 weeks
gestation

GDM

Nine individual / group sessions with a
health trainer.
Complex behavioral intervention
(informed by control theory and
elements of social cognitive theory)
addressing diet (low glycemic index
foods; reduced saturated fat) and
physical activity (moderate intensity
walking).

Therapeutic Lifestyle Changes
Program including diet (1700-1800
kcal/day) and physical activity
recommendation (30 min/day, three
times/week).

Intervention

UPBEAT trial
RCT
United Kingdom

outcome
EGWG

Primary

The health belief model (HBM);
an education manual on diet and
physical activity one-to-one
counseling for at least 20 minutes
after group assignment and at 16–20
and 20–24 weeks.
Possibility to reach the person
providing the counseling until 20–24
weeks by phone or via a group
established on Tecent instant
messenger.

N=61
>18 years
BMI ≥25 kg/m2,
12th week of
gestation,
no prior GDM

Cohort

N=262
Dietary
≥18 years
intake
Approached at first
and PA
prenatal check (after
(Jing et al. 2015) 12 weeks of
gestation)

Jing
RCT
China

(Petrella et al.
2014)

(Reference)
Petrella
RCT
Italy

Study

IADPSG

N/A

IADPSG

GDM criteria

22.6% vs. 34.9%
p=0.043

RR 0.96 (0.79 to
1.16)
p=0.68

Diet: Ý
PA: Ý

GDM
23.3% vs. 57.1%
p=0.009

Diet: Ý
PA: Ý

Lifestyle
Diet: Ý
PA: N/A

GWG
7.76 (4.6) vs.
7.19 (4.6)
p=0.041

EGWG-IOM:
88.7% vs. 91.5%
p=0.49

GWG by 20-24
weeks:
9.24 (3.99) vs.
9.69 (3.85)
p=0.40

GWG
GWG:
6.7 (4.3) vs.
10.1 (5.6)
p=0.047

Outcomes

PE:
RR 1.00 (0.59
to 1.69)
p>0.99

N/A

Hypertension
PIH:
3.0% vs.
25.0%
p=0.011

LGA:
RR 1.15, (0.83 to
1.59)
p=0.40

BW:
3420 (580) vs.
3450 (580)
p=0.37

N/A

LGA: ↔

Infant
BW:
3498 (342) vs.
3010 (715)
p<0.001

(Sagedal et al.
2017)

Fit for Delivery
RCT
Norway

(Herring et al.
2016)

N=606
GWG
Age ≥18 years,
BMI ≥19 kg/m2;
≤20 weeks gestation;
nulliparous

N=66
GWG
Age ≥18 years;
BMI 25-45 kg/m2;
<20 weeks gestation;
African American

Herring
Pilot RCT
United States

(Wang et al.
2015)

outcome
N=272
GDM
At least one: age
≥35 years; BMI
≥25 kg/m2; family
history of diabetes,
PCOS, prior GDM/
macrosomic infant.
5-12 weeks gestation

(Reference)
Wang
Cluster RCT
China

Primary

Cohort

Study

Table 13. Continued

Dietary counseling twice by
telephone and access to twiceweekly exercise groups, with a
recommendation to be active on
three additional days a week.
Reinforcements with booklets,
access to an NFFD internet site, one
cooking class, and an evening
meeting.

Social Cognitive Theory, Social
Ecological model. Behavior change
goals around three weight control
targets (energy intake, physical
activity, and self-weighing). One faceto-face meeting, health coach phone
calls, text messages, and a Facebook
group.

Three 40-60 min courses: “What is a
balanced diet”, “Proper physical
activity is beneficial during
pregnancy”, and “Standard weightgain during pregnancy”, and one
enforcement session.

Intervention

75-g OGTT:
2-h ≥7.8
mmol/L

N/A

IADPSG

GDM criteria

Diet: Ý
PA: Ý

N/A

Lifestyle
N/A

OR 1.33 (0.77 to
2.32)
p=0.33

4% vs. 4%
p=1.00

GDM
17.2% vs. 23.9%
p=0.17

Hypertension
N/A

EGWG-IOM:
41.6% vs 50.0%
p=0.056

GWG:
14.4 vs. 15.8;
Mean difference
1.3 (0.3 to 2.3)
p=0.009

EGWG-IOM:
37% vs 66%
p=0.033
PE:
OR 0.65 (0.29
to 1.47)
p=0.31

GWG:
N/A
8.7 (6.6) vs.
12.3 (6.4);
Mean difference
-3.1 (-6.2 to -0.19)
p=0.046

GWG
GWG during the
2nd trimester:
5.66 (2.18) vs.
5.66 (2.25)
p=0.57

Outcomes

LGA:
OR 0.63 (0.24 to
1.64)
p=0.35

BW:
3411 (485) vs.
3450 (538);
Mean difference
-38 (-121 to 44)
p=0.36

LGA:
0% vs. 4%
p=0.48

BW:
3147 vs. 3361
p=NS

Infant
N/A

N=191
Age >18 years;
BMI ≥25 kg/m2;
9–12 weeks
gestation

GDM

A meeting with a dietician, a
prescription of a personalized
hypocaloric, low-glycemic, lowsaturated fat diet, and physical activity
recommendations. Four additional
counseling sessions with a dietician
during the follow-up.

Complex behavioral intervention.
Healthy eating (HE): portion size,
lower carbohydrate diet. Physical
activity (PA): aerobic and resistance
exercise. The trial compared HE, PA,
and both HE and PA (HE+PA)] with
usual care (UC). Results are
presented for HE+PA vs. UC.

Intervention

IADPSG

IADPSG

GDM criteria

Diet: Ý
PA: ß

Lifestyle
Diet: Ý
PA: Ý

15.8% vs. 37.1%
p=0.034

GDM
OR: 0.80 (0.43 to
1.49)

GWG by 36 weeks:
10.1 (7.4) vs.
9.4 (6.8)
p=NS

EGWG-IOM:
OR 2.13 (1.05 to
4.33)
p<0.05

GWG
GWG by 35-37
weeks:
6.5 (3.8) vs. 8.8
(4.7); p<0.05

Outcomes

PIH:
2.9% vs.
21.0%
p=0.001

Hypertension
N/A

LGA:
1.4% vs. 11.3%
p=0.019

BW:
3433 (334) vs.
3512 (447)
p=0.25

Infant
LGA:
OR 0.47 (0.19 to
1.18)

N/A = not available; NS = non-significant, no detailed p-value available; ↔ = no statistical difference between the intervention and the control/usual care group, no
detailed data available
BMI = body mass index; EGWG-IOM = excess gestational weight gain according to Institute of Medicine 2009 recommendations; LGA = large-for-gestational age;
PA = physical activity; PE = pre-eclampsia; PIH = pregnancy-induced hypertension

(Bruno et al.
2017)

Bruno
RCT
Italy

(Simmons et al.
2017)

outcome
N=436
GWG
Age ≥18 years;
BMI ≥29 kg/m2;
<20 weeks gestation;
and no GDM using
the IADPSG criteria
at inclusion.

(Reference)
DALI trial
RCT
pan-European
(11 sites)

Primary

Cohort

Study

Review of the literature

Two published meta-analyses have promisingly concluded that a lifestyle
intervention initiated in early pregnancy has a modest potential to prevent GDM with
a relative risk (RR) of 0.77 to 0.82 (Song et al. 2016; Guo et al. 2019). In a Cochrane
review, the effect of a combined lifestyle intervention did not, however, reach
significance in the prevention of GDM (Shepherd et al. 2017). Another meta-analysis
had a similarly non-significant finding when using individual participant data (IPD)
from lifestyle interventions (The International Weight Management in Pregnancy 2017).
However, when the authors additionally supplemented IPD with study-level data for
studies with missing IPD, the lifestyle intervention did reduce the GDM risk (RR 0.76)
(The International Weight Management in Pregnancy 2017).
The meta-analyses with the negative findings were the smallest, namely
the Cochrane review and the IPD analysis. Furthermore, while the other meta-analyses
included all diet alone, physical activity alone, and combined lifestyle interventions,
the Cochrane review covered only the combined interventions. Details of these metaanalyses are presented in Table 14.
Furthermore, in the IPD meta-analysis, the interventions did not prove costeffective (Rogozinska et al. 2017). Some of the individual intervention studies have
additionally assessed their cost-effectiveness, with null findings in Dutch FitFor2,
the Finnish “Neuvonta, Elintavat ja Liikunta neuvolassa” trial (NELLI) and the UK
Pregnancies Better Eating and Activity Trial (UPBEAT) (Oostdam et al. 2012; Kolu
et al. 2013; Poston et al. 2017). The “vitamin D and lifestyle intervention for GDM
prevention” (DALI) study , however, showed cost-effectiveness after delivery when
assessed with quality-adjusted life years, but not with GWG, fasting glucose, or
homeostasis model assessment for insulin resistance (HOMA-IR) (Broekhuizen et al.
2018).
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RCTs and cluster RCTs;
combined diet and physical activity
interventions

RCTs;
either diet, physical activity, or
combined intervention

RCTs;
either diet, physical activity, or
combined intervention during
pregnancy and before the oral
glucose tolerance test;
GDM incidence either as a primary
or secondary outcome

Cochrane
review
(Shepherd et al.
2017)

The
International
Weight
Management in
Pregnancy
(2017)

Guo et al.
(2019)

Studies with overlapping subject groups;
studies with no GDM case in neither the
intervention group nor the control group;
studies with severely unbalanced risk
factors or dropout rates (possibly
exaggerating the effect of interventions)

Studies that only included women with
GDM at baseline, involved animals,
reported only non-clinical outcomes, and
were published before 1990

Quasi-RCTs; cross-over trials

Exclusion criteria
Studies with pre-pregnancy diabetes
mellitus; interventions with nutrient
supplements

IPD = individual participant data; RCT = randomized controlled trial

Inclusion criteria
RCTs;
either diet, physical activity, or
combined intervention

Reference
Song et al.
(2016)

15,745

16,885

59 (IPD
supplemented
with study-level
data)
47

9427

6633

Women (n)
11,487

27 (with IPD)

19

Studies (n)
29

0.77 (0.69 to 0.87)

0.76 (0.65 to 0.89)

0.89 (0.72 to 1.10)

0.85 (0.71 to 1.01)

RR (95% CI)
0.82 (0.70 to 0.95)

Table 14. Meta-analyses of lifestyle interventions during pregnancy for gestational diabetes (GDM) prevention. The results are presented as relative
risk (RR) with 95% confidence interval (CI) for GDM in the intervention group.

Review of the literature

2.4 SUMMARY OF THE EVIDENCE OF THE IMPACT OF LIFESTYLE
INTERVENTION AND SOCIOECONOMIC STATUS ON THE INCIDENCE OF
GESTATIONAL DIABETES
While most of the lifestyle intervention trials have shown only non-significant
protective effects regarding the development of GDM, few trials have been successful
(Petrella et al. 2014; Jing et al. 2015; Bruno et al. 2017). Increasing evidence suggests,
however, that there is at least some reason for optimism (Zhang et al. 2016).
The heterogeneity between the trials is considerable (Zhang et al. 2016). The trials
differ regarding the diagnostic criteria for GDM, the risk profile of the included
participants, and the risk for GDM in the background population. Furthermore,
the given interventions are heterogeneous, and not always described in detail. Few
intervention trials initiated during pregnancy have assessed the possible impaired
glucose tolerance or metabolic disarray of participants already at inclusion (KorpiHyövälti et al. 2011; Luoto et al. 2011; Simmons et al. 2017). Finally, no studies have
attempted GDM prevention with lifestyle education initiated before pregnancy.
Further studies are needed to identify which subgroups of at-risk women could
benefit from lifestyle interventions, and what kind of interventions would be the most
effective for these subgroups. Within this context, the aim of the present thesis is to fill
knowledge gaps regarding the impact of dietary and physical activity education either
before or during pregnancy among a well-characterized group of women at risk for
GDM.
Moreover, the association between poor socioeconomic position and poor health is
generally acknowledged. The relationship of specific socioeconomic factors and risk for
GDM is, however, less clear (Janghorbani et al. 2006; Joseph et al. 2007; Anna et al.
2008; Collier et al. 2017), especially within the context of a society with universal access
to public healthcare services. SES is often assessed with deprivation indexes based on
the area of residence. Studies focusing on the association of income and GDM have
mostly utilized self-reported incomes, with no studies using an objectively reported
individual maternal income and the risk for GDM. Therefore, an additional aim of this
thesis is to assess the impact of maternal taxable income and education on the incidence
of GDM among Finnish primiparous women.
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3 AIMS OF THE STUDY
The aim of this doctoral thesis –– that is a part of the Finnish Gestational Diabetes
Prevention Trial (RADIEL) and the Vantaa Birth Cohort study 2009–2015 –– is to
assess the impact of lifestyle intervention and SES on the incidence of GDM. The
specific aims of the thesis are:
1. To assess the effect of a moderate intensity lifestyle counseling intervention initiated
before pregnancy on the incidence of GDM among high-risk women (Study I).
2. To assess the effect of a moderate intensity lifestyle counseling intervention initiated
in early pregnancy on perinatal and neonatal outcomes among women at high risk
for GDM (Study II).
3. To assess the effect of a moderate intensity lifestyle counseling intervention initiated
in early pregnancy on the incidence of GDM among high-risk women with normal
glucose tolerance in early pregnancy (Study III).
4. To evaluate the impact of maternal income and education on the risk of gestational
diabetes mellitus in primiparous women (Study IV).
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4 MATERIALS AND METHODS
4.1 THE FINNISH GESTATIONAL DIABETES PREVENTION TRIAL (RADIEL)
(STUDIES I-III)
The Finnish Gestational Diabetes Prevention Trial (RADIEL) was a multicenter
intervention RCT with a moderate intensity lifestyle counseling aiming at GDM
prevention in high-risk women (i.e., obese or with prior GDM). The four participating
study sites were all three of the maternity hospitals in the Helsinki metropolitan area
(Women’s Hospital and Kätilöopisto Maternity Hospital in Helsinki, and Jorvi Hospital
in Espoo) and the South Karelia Central Hospital in Lappeenranta in southeastern
Finland. The recruitment period lasted from February 2008 until the end of the year
2012, and the last postpartum follow-up visit took place in January 2014.
The intervention began either before pregnancy or during the first half of the pregnancy
and continued until one year after delivery. The studies (I-III) in this thesis include only
data up to the delivery.

4.1.1 STUDY POPULATION
Women 18 years or older with high diabetes risk and either planning pregnancy within
one year from the inclusion or in early pregnancy (less than 20+0 weeks gestation) were
eligible for the study.
Inclusion criteria were a history of GDM or a pre-pregnancy BMI ≥30 kg/m2.
Exclusion criteria were manifest type 1 or type 2 diabetes (T2D) diagnosed before
inclusion, medications that influence glucose metabolism (e.g., continuous oral
corticosteroids or metformin), multiple gestation, physical disability that prevents
regular physical activity, current substance abuse, severe psychiatric disorder, or
significant difficulty to participate (for example, due to inadequate Finnish language
skills). For the non-pregnant participants, the following criteria were applied to exclude
participants with T2D at inclusion: fasting plasma glucose ≥7.0 mmol/L, 2-h plasma
glucose level ≥11.1 mmol/L in a 2-h 75-g OGTT, or fasting glycated hemoglobin
≥48 millimoles per mole (ADA 2018).
Participants were recruited with personal invitation letters sent out based on prior
GDM diagnosis according to hospital registry, or at the time of the first-trimester
screening ultrasound due to a pre-pregnancy BMI of 30 kg/m2 or more. Also,
newspaper and targeted social media notices, and advertisements in primary healthcare
centers, were utilized to reach potential participants. The primary recruitment method
for women planning pregnancy (Study I), as well as the non-obese women in early
pregnancy (Studies II and III), was by personal invitation letters. In turn, for the obese
women recruited during early pregnancy (Studies II and III), the first-trimester
screening ultrasound turned out to be the primary way for reaching participants.
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The total sample size calculation for the whole RADIEL trial, including both
women planning pregnancy (Study I) and women already pregnant (Study II), was based
on an assumed incidence of the primary endpoint, in other words GDM, of 30% in
the control arm and 20% in the intervention arm, with a two-sided significance level of
0.05, and a power of 80%. The expected dropout rate was 30%. A sample size of at
least 1000 women for the whole trial (Studies I and II) was estimated to be sufficient.
The aim was to recruit 500 women planning pregnancy (Study I) and 500 women
during early pregnancy (Study II). Since pre-pregnancy and early pregnancy
interventions are, however, two different protocols, they could not be analyzed as one.
Therefore, a post hoc sample size calculation was additionally performed for these two
trial arms before the final analyses. To detect a 15% difference in the incidence of
GDM between the intervention (20%) and control groups (35%) with a two-sided
significance level of 0.05 and a power of 80%, a sample of 280 women (140
intervention and 140 control) within each trial arm (pre-pregnancy or early pregnancy)
would be needed.
For the randomization, stratification by the time of intervention initiation (in other
words, pre-pregnancy or early pregnancy), prior GDM status (none, prior GDM
regulated with diet, or prior GDM regulated with medication) and study site (Women’s
Hospital, Kätilöopisto Maternity Hospital, Jorvi Hospital, and the South Karelia Central
Hospital) was used, forming 24 strata in total. An independent statistician outside
the study group created the randomization sequence using randomly permuted blocks
of four within every stratum and prepared the opaque randomization envelopes. Study
nurses allocated each participant the next sequentially numbered (a study participant
code) envelope within their respective stratum, containing the information of
the intervention arm. Due to the nature of the trial, the study nurses and the
participants were not blinded with respect to the intervention arm.
Study I includes the women who enrolled in the study before pregnancy. Study II
includes all the women that enrolled during pregnancy. Study III consists of the women
recruited during pregnancy with normal oral glucose tolerance before 20 weeks
gestation.

4.1.2 STUDY VISITS AND PROVIDED LIFESTYLE INTERVENTION
The participants in both the intervention and control groups had study visits with
the study nurses in the maternity hospital outpatient clinic every three months. Figure
10 summarizes the schedule of the study visits before and during pregnancy.
In addition to the study visits, all participants in the study, in both the intervention
and control arms, received the routine antenatal healthcare provided in Finland by
the public healthcare system in local maternity clinics at primary healthcare centers.
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Pre-pregnancy
intervention

First visit

Visit every three
months up to
four times

First
trimester
visit H10-13

Second
trimester
visit H22-24

Third
trimester
visit H34-36

First
trimester
visit H10-13

Second
trimester
visit H22-24

Third
trimester
visit H34-36

Group session
with dietician*

Pregnancy
intervention

Delivery

Pregnancy

Pre-conception

Group session
with dietician*
*Only for women in the intervention group

Figure 10 A schematic of study visits with the study nurse and group sessions with the
dietician in The Finnish Gestational Diabetes Prevention Trial (RADIEL). Participant
additionally attended usual antenatal care in primary healthcare centers.

4.1.2.1 INTERVENTION GROUP
In the intervention group, the structured study visits included individually modifiable
counseling on diet and physical activity. Study nurses, specially trained for their tasks,
provided the lifestyle counseling during the visits. For the participants in
the intervention group, the first study visit usually lasted for one and a half hours.
During the first study visit, the study nurses provided the participants in
the intervention group with information concerning the short- and long-term health
implications associated with GDM for both the mother and the offspring. Furthermore,
the first visit included a general discussion about the importance of the diet and physical
activity in relation to the risk of GDM.
Additionally, women in the intervention group participated in a structured group
session with a dietician at the study inclusion (either before pregnancy or in the first
trimester, depending on the trial arm) (Figure 10). One group session involved 6–8
participants and took two hours.
The duration of the following study visits in the intervention group was one hour.
These visits included checking whether the lifestyle goals, described in more detail
below, were achieved and discussing solutions to individual problem areas in
the lifestyles.
The dietary counseling provided for the intervention group by the study nurses and
dieticians was based on the Finnish national and Nordic Nutrition Recommendations
nutritional guidelines (Valtion ravitsemusneuvottelukunta 2005; Becker et al. 2016).
The counseling included the use of the “plate model” and increasing the intake of
vegetables, legumes, fruits and berries, whole grain and fiber, low-fat dairy, and
vegetable fats. The “plate model” refers to filling half a plate with raw or cooked
vegetables, one quarter with starchy carbohydrates and one quarter with a source of
protein (Valtion ravitsemusneuvottelukunta 2005). In the model, starchy carbohydrates
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refer to pasta, potato, or rice. Recommended sources of protein in the model are fish,
meat, eggs, or vegetarian choices with legumes, nuts, or seeds. The group session with
the dietician additionally included educational discussion about the dietary glycemic
index and healthy diets in general, as well as examples of daily meals to reach the
nutritional aims.
During the first study visit, each participant in the intervention group planned
themselves, with the assistance of a study nurse, an individualized exercise program.
The basis for the planning of the personal programs was UKK Institutes “physical
activity pie” that follows the first edition of Physical Activity Guidelines for Americans
(US Department of Health and Human Services, 2008). The exercise programs were
updated when necessary during the following study visits.
The aim was to achieve a minimum of 150 minutes of moderate intensity physical
activity a week and to adopt an overall active lifestyle by increasing household and
commuting physical activity (ACOG Committee on Obstetric Practice 2002a).
The participants could attend guided exercise groups or public swimming pools once
a week free of charge. Physical activity and food diaries used in data collection
additionally served as motivational tools in the intervention arm.
In the intervention group, the counseling included a recommendation of a 5 to
10% weight loss before pregnancy for women with BMI ≥25 kg/m2 at inclusion in prepregnancy. In both the pre-pregnancy and early pregnancy trial arm, avoidance of
weight gain during the first two trimesters was recommended for women with a prepregnancy BMI ≥30 kg/m2 (Kaaja et al. 2008).
4.1.2.2 CONTROL GROUP
The participants in the control group had the same number of study visits with
the study nurse as the women in the intervention group. For the participants in the
control group, the study visits typically lasted for half an hour. At the time of
enrollment, participants in the control group received similar dietary and physical
activity information leaflets to those usually provided at maternity care in primary
healthcare centers.

4.1.3 OUTCOMES
4.1.3.1 PRIMARY OUTCOME
The primary outcome of the RADIEL trial was the incidence of GDM. Criteria for
GDM was the one recommended by the National Current Care Guidelines, in other
words, at least one pathological venous plasma glucose value in a 2-h 75-g OGTT
during pregnancy with the following cut-offs: fasting plasma glucose ≥5.3 mmol/L, 1-h
value ≥10.0 mmol/L, and 2-h value ≥8.6 mmol/L (Gestational Diabetes. Current Care
Guidelines 2013). The participants underwent an OGTT at around 12 to 16 weeks
gestation and, if normal, the test was repeated around 24 to 28 weeks gestation. The
same plasma glucose OGTT cut-offs were in use throughout the pregnancy. If
a participant required insulin or metformin due to pathological glucose self-
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measurements at home before the late second–trimester OGTT, that was also
considered diagnostic for GDM.
4.1.3.2 SECONDARY OUTCOMES
Secondary outcomes assessed in this thesis are: achievement of dietary and physical
activity goals, GWG, occurrence of hypertensive disorders of pregnancy (gestational
hypertension, preeclampsia, and chronic hypertension), mode of delivery, birthweight
of the offspring, and rate of LGA newborns.
General adherence to the recommended diet was measured with a Healthy Food
Intake Index (HFII, with the maximum points of 17) based on the food frequency
questionnaire designed for the RADIEL study (Meinilä et al. 2016). Self-reported
weekly duration (minutes) of LTPA that made the participant at least slightly out of
breath and sweaty provided the method to assess the achievement of physical activity
goals. Both the food frequency questionnaire and self-reported weekly time spent at
LTPA were collected at each trimester, while the food and physical activity diaries were
collected only at the first visit and at the third-trimester visit, in other words after
the GDM diagnosis. Furthermore, the low return rates of diaries prevented their use in
the assessment of lifestyle change. Only 35 to 61% of participants returned the diaries
at both time points, depending on the study arm and the diary type. Therefore, in this
study diary data are used only as descriptive data at baseline.
In this study, GWG refers to the difference between the weight at the thirdtrimester visit and the pre-pregnancy weight.
Pre-eclampsia refers to a blood systolic pressure of >140 millimeters of mercury
(mmHg) or diastolic blood pressure of >90 mmHg occurring after 20 weeks gestation
in a previously normotensive woman combined with new-onset diurnal proteinuria of
0.3-g or more (ACOG Committee on Obstetric Practice 2002b). Gestational (i.e.,
pregnancy-induced) hypertension was defined similarly, but without the presence of
proteinuria and chronic, or essential, hypertension with similar blood pressure levels
occurring before 20 weeks gestation.
LGA refers to birthweight greater than the 97th percentile (i.e., 2 SDs above the
mean) and small-for-gestational age to birthweight less than the 3rd percentile (i.e.,
2 SDs below the mean) of the respective weeks of gestation. This thesis utilizes
the Finnish fetal growth curves adjusted for sex and gestational age that were in clinical
use at the time of the RADIEL trial (Pihkala et al. 1989).

4.1.4 DATA COLLECTION
Table 15 summarizes the collected variables and data collection points. The prepregnancy weight was self-reported and collected from the maternity cards for
the women recruited during pregnancy. For the women recruited in preconception,
the weight measured at the last study visit before pregnancy was used. If the participant
missed a study visit, a weight taken at a local antenatal clinic at similar weeks of
gestation served as a substitute.

60

The formula for calculating BMI was: BMI = weight (kg) / height (m)2
The central laboratories of Helsinki University Hospital (HUSLAB) and SouthKarelia Central Hospital performed the analyses of blood samples with the following
methods: enzymatic hexokinase assay for glucose (Roche Diagnostics, Gluco-quant,
Modular analyzer); electrochemiluminescence immunoassay for insulin (Roche
Diagnostics, Insulin, Modular analyzer); and enzymatic assays for lipids: total
cholesterol (Roche Diagnostics, Cholesterol CHOD-PAP, Modular analyzer), low
density lipoprotein cholesterol (Roche Diagnostics, LDL-C plus 2nd generation,
Modular analyzer), high density lipoprotein cholesterol (Roche Diagnostics, HDL-C
plus 3rd generation, Modular analyzer), and total triglycerides (Roche Diagnostics TG
Triglycerides GPO-PAP, Modular analyzer) (Table 15).
The formula to calculate HOMA-IR was (Matthews et al. 1985):
HOMA-IR = Insulin (milliunits per liter) * fasting plasma glucose (mmol/L))/22.5
Participants filled in three-day food diaries for two weekdays and one day during
the weekend and physical activity logbooks, including records on physical activity type
and frequency, daily for one week at each data collection point (Table 15). The physical
activity diaries were recorded using Compendium of Physical Activities codes and
corresponding MET values and MET-minutes (MET-min) for weekly physical activity
was calculated (Ainsworth et al. 2011).
Study nurses and physicians collected the birth data from the patient records. Study
physicians further reviewed and confirmed the maternal and neonatal diagnoses.
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Table 15. Data collection in The Finnish Gestational Diabetes Prevention Trial (RADIEL)
Pre-pregnancy
enrollment

Follow-up
every
3 months

Trimesters
First*

Second

Third

Birth

Study I
Study II-III
Questionnaires
Background and progress questionnaires
Socioeconomic status
Medical and obstetric history
Morbidity and use of
medication
Smoking
Alcohol consumption
Diet (FFQ)
Physical activity (min/week)
Logbooks for food and physical
activity
Physical measurements
Height
Weight
Waist-hip ratio
Resting blood pressure
Laboratory tests
2-h 75-g OGTT

●
●

○
○

●

●

●
●
●
●

●
●
●
●

●
●
●
●
●

○
●
●
●

●
●
●

●
Blood glucose and insulin
○
Lipids†
Offspring
Birthweight and length
Apgar score
Outcome diagnoses collected from the participant health records at the end of the study
● only for participants enrolled before pregnancy; ○ only for participants enrolled in early
pregnancy; ◐ all participants
*enrollment for pregnancy intervention, †total cholesterol, low-density lipoprotein cholesterol, highdensity lipoprotein cholesterol, and triglycerides
FFQ = food frequency questionnaire; OGTT = 2-h 75-g oral glucose tolerance test
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4.2 THE VANTAA BIRTH COHORT STUDY 2009–2015 (STUDY IV)
The Vantaa Birth Cohort study 2009–2015 is a population-based follow-up cohort
study in the city of Vantaa, Finland with the primary aim to assess the long-term
consequences of gestational glucose intolerance on the health of women and their
offspring. The total cohort consists of all the deliveries of women in Vantaa between
the 1st of January 2009 and the 31st of December 2015 and includes deliveries of
13,530 women with 18,272 children. The focus in this thesis is on the impact of
the socioeconomic factors on the risk for GDM in primiparous women in the baseline
of the cohort.

4.2.1 STUDY POPULATION
The inclusion criteria for Study IV were: primiparous women aged 20 years or older,
Finnish (i.e., women born in Finland with Finnish or Swedish as native language), and
with no pre-existing diabetes mellitus. The reason for the exclusion of multiparous
women was for controlling the confounding effects of previous GDM or parity on
the risk of GDM. Furthermore, parturients under 20 years of age and non-Finnish
parturients were excluded to ensure reliable data on education and income. Altogether
5,962 women met the inclusion criteria and comprised the study population for Study
IV.

4.2.2 DATA COLLECTION
Data for Study IV were obtained from five sources (Table 16). The Finnish Medical
Birth Register that is maintained by the National Institute for Health and Welfare in
Finland has received the information on all live births and stillbirths from 22 weeks or
500-g onwards from all Finnish maternity hospitals since 1987.
Education is divided into the following four levels: basic education (level I) that
comprises 9 to 10 years of school; upper secondary education or post-secondary nontertiary education (level II) that comprises 11 to 14 years of school; bachelor’s or
equivalent education (level III) that comprises 15 to 16 years of school; and master’s,
doctoral, or equivalent education (level IV) that comprises 17 years or more of school.
The maternal pre-pregnancy taxable income refers to the mean annual taxable
income for the year of the calculated time of conception and the two preceding years
adjusted for the year 2017 value using a consumer price index (Statistics Finland,
http://www.stat.fi/til/khi/index_en.html). The annual taxable income includes both
earned and capital income.
The study population was divided into five annual taxable income-level categories
(levels I to V) using percentiles (12.5th, 37.5th, 62.5th, and 87.5th) corresponding to
grades containing 12.5, 25, 25, 25, and 12.5% of the total income distribution,
respectively. Within these five income classes, the adjusted annual incomes were 0–
11,120 € for level I, > 11,120–22,855 € for level II, > 22,855–29,940 € for level III, >
29,940–40,190 € for level IV, and > 40,190 € for level V. For comparison, in 2017,

63

Materials and methods

the mean annual taxable income in Finland among women was 25,061 €, and the atrisk-of-poverty threshold for annual income per one adult was 14,750 € (Statistics
Finland, http://www.stat.fi/tup/suoluk/suoluk_tulot_en.html).

Age at the delivery
Parity
GDM diagnoses (ICD-10 code O24.4)
Pathological OGTT during pregnancy
Height
Pre-pregnancy weight
Previous pregnancies†
Use of any infertility treatment
Smoking during pregnancy
Cohabitation status
Educational attainment (years and level of schooling)
Place of birth
Native language
Maternal annual taxable income (both earned and capital
income)
Diabetes mellitus requiring medication before pregnancy

●
●
●
●
●
●
●
●
●
●

Vantaa patient
healthcare records*

The Finnish Social
Insurance Institution

The Finnish Tax
Administration

Statistics Finland

The Finnish Medical
Birth Register

Table 16. Data collection in Study IV

●
●
●
●

●
●
●

●
●
●
●

†

* supplemental information; miscarriages, induced abortions, or ectopic pregnancies
GDM = gestational diabetes, ICD-10 = International Statistical Classification of Diseases and
Related Health Problems 10th Revision, OGTT = 2-h 75-g oral glucose tolerance test

4.3 STATISTICS
All the studies (I-IV) describe continuous data with means and SDs, and nominal data
with counts and percentages (%). Studies I-III applied Student’s t-test or in the case of
a violation of the assumptions (e.g., normality), a bootstrap type t-test to test differences
between means, and chi-square or Fisher’s exact tests between nominal variables in two
independent groups. Study IV used the Cochran–Armitage test (Armitage 1955), linearby-linear association test, and analysis of variance with appropriate contrast to test the
unadjusted hypothesis of linearity across five categories of income level and
characteristics of the study participants.
Adjusted analyses were carried out with logistic regression models (Studies I–III)
and analysis for covariance models (Studies I–III). Studies I–III include unadjusted
analyses and analyses adjusted for known GDM risk factors: age, BMI, prior GDM and
parity status, and additionally for weeks gestation, and baseline values. In addition,
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the adjustments for the primary outcome included the length of pre-pregnancy
intervention (i.e., the time between the first visit and conception) in Study I and
the weeks of gestation of the late second–trimester OGTT (i.e., the time point of GDM
diagnosis) in Study III.
In Study IV, logistic regression models were applied to investigate the association
between income levels and the incidence of GDM with 95% confidence intervals (CI).
The following known risk factors for GDM were included in the model as confounders:
age, pre-pregnancy BMI, and smoking; additionally, cohabiting status was included,
since it affects the socioeconomic position. Penalized regression splines were used to
evaluate the relationship between age and income. The Spearman method provided
the correlation coefficient with 95% CIs. Mean ratios with 95% CIs of the yearly taxable
income of women with and without GDM were modeled using generalized linear
models with log link function and a Gaussian or Gamma distribution.
The normality of the variables was tested with the Shapiro–Wilk W-test. Data
analysis was carried out using Stata15.1 (StataCorp LP; College Station, Texas, USA)
statistical packages.

4.4 ETHICAL CONSIDERATIONS
4.4.1 THE FINNISH GESTATIONAL DIABETES PREVENTION TRIAL (RADIEL)
The participants in the RADIEL trial entered the study voluntarily, signed an informed
consent, and could discontinue the study at any time. The RADIEL trial complied with
the Declaration of Helsinki. The study protocol was registered at clinicaltrials.gov (IDr:
NCT01698385) and approved by the Ethics Committees of Helsinki University
Hospital (14th of September 2006, Dnro 300/E9/06) and South Karelia Central
Hospital (11th of September 2008, Dnro M06/08).

4.4.2 THE VANTAA BIRTH COHORT STUDY 2009–2015
The Ethics Committee of the Hospital District of Helsinki and Uusimaa (2nd of
November 2015, Dnro 356/13/03/03/2015) and the health authority of the city of
Vantaa approved the Vantaa birth cohort 2009–2015 study. Since this is
an observational register-based study, the study participants did not need to provide
the Statement of Informed Consent according to the Ethics Committee of the Hospital
District of Helsinki and Uusimaa and the health authority of the city of Vantaa, hence,
the study participants were not contacted. The National Institute for Health and
Welfare, Statistics Finland, the Finnish Tax Administration, and the Finnish Social
Insurance Institution gave their permission for the use of their respective register data
in the Vantaa Birth Cohort study.
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5 RESULTS
5.1 THE FINNISH GESTATIONAL DIABETES PREVENTION TRIAL (RADIEL)
(STUDIES I–III)
5.1.1 CHARACTERISTICS OF STUDY PARTICIPANTS (STUDIES I–III)
5.1.1.1 ALLOCATED PARTICIPANTS (STUDIES I–II)
Figure 11 shows the study flow of the participants in the RADIEL trial. Table 17
presents the baseline clinical and demographic characteristics and Table 18 the lifestylerelated baseline characteristics of the allocated participants according to the trial arm
(pre-pregnancy or early pregnancy) and intervention group (intervention or control).
Assessed for eligibility
(N=787)
Excluded (n=67):
• Not meeting inclusion criteria (n=34)
• Did not provide written consent (n=33)

Randomized in
pregnancy (n=492)

Randomized in preconception (n=228)
Allocated to
intervention (n=116)
No pregnancy* (n=44)
Multiple gestation
(n=4)
Miscarriage (n=2)
TOP (n=1)

Intervention
group (n=65)

Allocated to
intervention (n=249)

Allocated to
control (n=112)

No pregnancy* (n=41)
Miscarriage (n=5)
Incomplete OGTT data
in pregnancy (n=3)

Miscarriage (n=3)
TOP (n=1)
Lost to follow-up (n=6)

Control
group (n=63)

Intervention
group (n=239)

Study I

Allocated to
control (n=243)

Miscarriage (n=5)
Lost to follow-up (n=7)

Control
group (n=231)

Study II
Pathologic OGTT
<H20 (n=87)
OGTT <H20 not
performed (n=8)

Intervention
group (n=144)

Pathologic OGTT
<H20 (n=72)
OGTT <H20 not
performed (n=34)

Control
group (n=125)

Study III

Figure 11 Study flow of participants in the Finnish Gestational Diabetes Prevention Trial
(RADIEL). * No pregnancy within one year from the inclusion. H = weeks of gestation, OGTT
= 2-h 75-g oral glucose tolerance test, TOP = termination of pregnancy
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Table 17. Baseline demographic and clinical characteristics of study participants in
The Finnish Gestational Diabetes Prevention Trial (RADIEL) recruited before pregnancy and
during early pregnancy according to the intervention arm. Values are mean (SD) unless
otherwise stated.

Age (years)
Years of education
Previous deliveries, n (%)
None
1
2
3+
Prior GDM, n (%) †
Parental diabetes, n (%) ‡
Gestational age (weeks)
Height (cm)
Body weight (kg)
At 1st visit
At pre-pregnancy §
BMI (kg/m2)
At 1st visit
At pre-pregnancy §
BMI ≥30 kg/m2, n (%)
At 1st visit
At pre-pregnancy §
Waist-Hip ratio
Metabolic syndrome, n (% )||
Blood pressure (mmHg)
Systolic
Diastolic
Fasting plasma glucose (mmol/L)
IFG, n (%)
Insulin (mU/L)
HOMA-IR
2-h 75-g OGTT
IGT, n (%) ¶
GDM, n (%) #
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Total triglycerides (mmol/L)

Pre-pregnancy arm
Study I
Intervention
Control
n=116
n=112
32.6 (4.4)
31.9 (4.0)
14.8 (2.1)
14.5 (1.9)

Early pregnancy arm
Study II
Intervention
Control
n=249
n=243
32.1 (5.0)
32.6 (4.8)
14.2 (2.3)
14.4 (2.1)

9 (7.8)
75 (64.7)
25 (21.6)
7 (6.0)
94 (81.0)
39 (34.5)
166.0 (5.8)

19 (17.0)
66 (58.9)
23 (20.5)
4 (3.6)
88 (78.6)
27 (24.8)
165.7 (6.5)

95 (38.3)
85 (34.3)
41 (16.5)
27 (10.9)
101 (40.6)
69 (28.4)
13.1 (2.0)
166.2 (6.6)

93 (39.1)
89 (37.4)
39 (16.4)
17 (7.1)
98 (40.3)
67 (28.9)
13.1 (1.9)
166.0 (5.9)

83.7 (18.6)
-

81.1 (18.0)
-

90.6 (17.3)
88.9 (17.6)

90.3 (16.7)
88.9 (17.4)

30.4 (6.1)
-

29.4 (5.9)
-

32.7 (5.7)
32.1 (5.8)

32.8 (5.6)
32.2 (5.7)

57 (49.1)

51 (45.5)

0.87 (0.06)
44 (38.3)

0.85 (0.06)*
40 (36.0)

184 (73.9)
183 (73.5)
-

188 (77.4)
182 (74.9)
-

123 (12)
81 (8)
5.51 (0.48)
14 (12.1)
9.34 (6.06)
2.33 (1.60)

121 (12)
79 (8)
5.47 (0.47)
11 (9.8)
8.55 (7.06)
2.09 (1.81)

122 (13)
78 (9)
5.04 (0.43)
8.92 (6.64)
2.04 (1.56)

121 (12)
77 (9)
5.09 (0.40)
9.12 (5.39)
2.04 (1.20)

7 (9.1)
4.81 (0.82)
2.96 (0.78)
1.39 (0.33)
1.09 (0.58)

7 (11.7)
4.67 (0.85)
2.79 (0.74)
1.44 (0.36)
1.03 (0.56)

87 (36.9)
4.90 (0.87)
2.78 (0.73)
1.70 (0.35)
1.33 (0.54)

72 (35.3)
4.83 (0.86)
2.74 (0.66)
1.71 (0.37)
1.35 (0.64)

* p-value <0.05; † verified from hospital records in 375/381 cases (98.4%); ‡ either mother, father, or
both parents; § self-reported pre-pregnancy weight collected from maternity cards; || According to
National Cholesterol Education Program criteria (Alberti et al. 2009); ¶ Data available for 137 women;
# Data available for 440 women
BMI = body mass index; HDL= high density lipoprotein; HOMA-IR = homeostasis model assessment
for insulin resistance; hsCRP = high sensitivity C-reactive protein; IFG = impaired fasting plasma
glucose (6.1–6.9 mmol/L); IGT = impaired glucose tolerance (2-h plasma glucose 7.8–11.0 mmol/L);
LDL = low density lipoprotein; LTPA = leisure-time physical activity; mmHg = millimeters of mercury;
mmol/L = millimoles per liter; mU/L = milliunits per liter; OGTT = oral glucose tolerance test; SD =
standard deviation
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Table 18. Lifestyle-related baseline characteristics of study participants in The Finnish
Gestational Diabetes Prevention Trial (RADIEL) recruited before pregnancy and during early
pregnancy according to the intervention group. Values are mean (SD) unless otherwise
stated.

Smoking, n (%)
No alcohol use, n (%)
HFII (points)
LTPA (min/week)*
Nutrient intake (three-day food diaries) †
Energy, kJ/d
Total fat, E%
Saturated fat, E%
Protein, E%
Carbohydrates, E%
Physical activity diaries ‡
MET-min/week

Pre-pregnancy arm
Study I
Intervention
Control
n=116
n=112
8 (6.9)
11 (9.8)
67 (58.8)
61 (55.5)
9.7 (2.9)
9.9 (2.8)
116 (153)
102 (81)

Early pregnancy arm
Study II
Intervention
Control
n=249
n=243
17 (6.8)
13 (5.4)
240 (96.8)
225 (94.5)
10.0 (3.0)
9.8 (2.6)
93 (96)
98 (108)

8040 (2253)
33.6 (7.0)
12.0 (3.2)
18.7 (4.8)
43.6 (5.9)

7737 (1734)
33.3 (6.9)
11.7 (2.8)
18.1 (3.3)
44.2 (7.7)

7749 (1725)
32.6 (6.1)
12.0 (3.1)
18.1 (3.3)
45.7 (6.1)

7935 (1806)
33.8 (6.5)
12.3 (3.3)
18.1 (3.2)
44.7 (6.2)

1558 (1172)

1794 (1327)

1243 (843)

1376 (823)

There were no differences between the intervention and control groups in both Study I and Study II
* Data available for 171 women in Study I and 402 women in Study II; †Data available for 157 women
in Study I and 276 women in Study II; ‡Data available for 127 women in Study I and 282 women in
Study II
The recommended nutrient intake at the time of the study: Total fat 25–35 E%, Saturated fat 10 E%,
Protein 10–20 E%, and Carbohydrates 50–60 E% (Valtion ravitsemusneuvottelukunta, 2005)
E% = energy percent; HFII = Healthy Food Intake Index (Meinilä et al. 2016); LTPA = leisure-time
physical activity; MET = metabolic equivalent of task

5.1.1.2 PARTICIPANTS INCLUDED IN THE FINAL ANALYSES (STUDIES I–III)
Study I. Of the 228 participants in the pre-pregnancy trial arm, 128 became pregnant
within a year from inclusion, had a viable singleton pregnancy, and primary outcome
data (i.e., OGTT during pregnancy) available, and were therefore eligible for the final
analyses (Figure 11). The participants who became pregnant within one year did not
differ from those who failed to become pregnant in baseline demographic, clinical, or
lifestyle-related characteristics (data not shown).
There were, however, some differences between the intervention and control
groups in the 128 women included in the final analyses. The mean BMI was 30.5
(SD 6.3) kg/m2 in the intervention group and 28.1 (SD 5.7) kg/m2 in the control group
(p=0.028), while there were 34 (52%) obese (BMI ≥30 kg/m2) women in
the intervention group and 21 (33%) in the control group (p=0.030). The waist-hip ratio
was 0.88 (SD 0.07) in the intervention group and 0.85 (SD 0.06) in the control group
(p=0.047). The systolic blood pressure was 123 (SD 12) mmHg in the intervention
group and 118 (SD 11) mmHg in the control group (p=0.010). The LDL cholesterol
concentration was 2.93 (0.77) mmol/L in the intervention group, and 2.62 (0.64)
mmol/L in the control group (p=0.017).
Study II. Of the participants in the early pregnancy trial arm, 470 were eligible for
final analyses for the primary outcome (Figure 11). There were no differences between
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the women included and not included in the final analyses with respect to age, weight,
BMI, parity, the rate of prior GDM, or laboratory measurements (data not shown).
The women not included in the analyses were more often smokers (18% of women not
included, compared with 5.5% of included women; p=0.04), but otherwise there were
no differences between the included and non-included women in lifestyle-related
characteristics (in other words, physical activity, total energy intake, or alcohol use; data
not shown). Furthermore, in women included in the final analyses, there were no
differences in baseline demographic, clinical, or lifestyle-related characteristics between
the intervention and control groups (data not shown).
Of the 470 women eligible for the primary outcome analyses in Study II, 464 were
available for other perinatal and neonatal outcome analyses; four women had an early
pregnancy loss after a pathologic OGTT at inclusion, and an additional two women
lacked data on delivery (due to changing residence during the trial).
Study III included all the women from Study II that had a normal OGTT before
20 weeks gestation (Figure 11). The participants included in and excluded from Study
III did not differ in age or pre-pregnancy obesity, but there were differences with
respect to some other participant characteristics (Table 19). Further, the included and
excluded participants did not differ in physical activity or total energy intake (data not
shown). Within Study III there were no differences in baseline demographic, clinical, or
lifestyle-related characteristics between the intervention and control groups, however
(data not shown).
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Table 19. Baseline characteristics of participants with normal glucose tolerance in 2-h 75-g
oral glucose tolerance test before 20 weeks gestation (included in Study III) and other
participants* (excluded from Study III) in The Finnish Gestational Diabetes Prevention Trial
(RADIEL) early pregnancy arm. Values are mean (SD) unless otherwise stated.

Age (years)
Years of education
Smoking, n (%)
Previous deliveries, n (%)
None
1
2
3+
Prior GDM, n (%)
Parental diabetes†, n (%)
Gestational age (weeks)
Height (cm)
Body weight (kg)
At 1st visit
At pre-pregnancy‡
BMI (kg/m2)
At 1st visit
At pre-pregnancy‡
BMI ≥30 kg/m2, n (%)
At 1st visit
At pre-pregnancy‡
Blood pressure (mmHg)
Systolic
Diastolic
Fasting plasma glucose (mmol/L)
Insulin (mU/l)
HOMA-IR
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Total triglycerides (mmol/L)

Included
n=269
32.4 (4.7)
14.4 (2.1)
10 (3.7)

Excluded
n=223
32.3 (5.1)
14.2 (2.2)
20 (9.0)

p-value

113 (42.0)
78 (29.0)
54 (20.1)
24 (8.9)
88 (32.7)
57 (22.0)
13.3 (1.9)
166.3 (6.3)†

75 (33.6)
98 (44.0)
28 (12.6)
22 (10.0)
111 (49.8)
79 (36.6)
12.9 (2.0)
165.9 (6.3)†

<0.001
<0.001
0.04
0.58

89.3 (17.0)
87.9 (17.3)

91.9 (17.0)
90.2 (17.6)

0.09
0.14

32.2 (5.6)
31.7 (5.8)

33.4 (5.6)
32.7 (5.8)

0.03
0.06

202 (75.1)
202 (75.1)

169 (76.1)
162 (73.0)

0.79
0.59

122 (13)
77 (9)
4.9 (0.3)
8.42 (6.27)
1.83 (1.38)
4.93 (0.88)
2.80 (0.73)
1.75 (0.32)
1.34 (0.64)

121 (12)
77 (9)
5.3 (0.4)
9.73 (5.63)
2.28 (1.40)
4.67 (0.84)
2.71 (0.65)
1.67 (0.40)
1.34 (0.55)

0.36
0.69
<0.001
0.02
<0.001
0.07
0.17
0.01
0.89

0.89
0.42
0.02
0.003

*either pathological or missing oral glucose tolerance test before 20 weeks gestation; †either mother, father, or both; ‡selfreported pre-pregnancy weight collected from maternity cards
BMI = body mass index; GDM = gestational diabetes; HDL= high density lipoprotein; HOMA-IR = homeostasis model
assessment for insulin resistance; mmHg = millimeters of mercury; mmol/L = millimoles per liter; mU/L = milliunits per liter;
SD = standard deviation
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5.1.2 THE INCIDENCE OF GESTATIONAL DIABETES (STUDIES I–III)
Figure 12 and Table 20 show the incidence of GDM and other maternal glucose
metabolism–related outcomes in the RADIEL trial according to the trial arm and
intervention group (Studies I-III). Of the 598 participants included in the total
RADIEL cohort (Studies I and II), 544 (91.0%) participated in the OGTT before
20 weeks of gestation (median 14.1 [interquartile range 12.6 to 15.6] weeks of gestation)
(Table 20). Of the 395 participants with missing or normal OGTT before 20 weeks of
gestation, 391 participated in an OGTT in the late second or early third trimester
(median 26.3 [interquartile range 21.7 to 33.0] weeks of gestation). Additionally,
the remaining four participants with normal OGTT in early pregnancy required insulin
or metformin treatment due to pathological glucose self-measurements before they
could have attended the second OGTT.
In the total cohort, there were 291 (48.7%) cases of GDM. Within Studies I and II
there was no difference between intervention and control groups in the total incidence
of GDM, and adjustments with age, pre-pregnancy BMI, and prior GDM and parity
status did not change the finding (Table 20). In Study III, the GDM incidence was
lower in the intervention group compared with the control group, but the difference
was significant only after adjustments for age, pre-pregnancy BMI, and prior GDM and
parity status.
100
90

Intervention
Control

Incidence of GDM, %

80
70
60
50
40
30
20
10
0
Study I Study II

Study III

Figure 12 Crude incidence of gestational diabetes mellitus in The Finnish Gestational
Diabetes Prevention Trial (RADIEL) according to the trial arm and intervention group. Study
I refers to the pre-pregnancy study arm, Study II to the early pregnancy study arm, and
Study III to the subgroup within the early pregnancy study arm including only women with a
normal 2-h 75-g oral glucose tolerance test before 20 weeks gestation. Bars represent 95%
confidence intervals.
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5/27 (18.5 [6.3 to 38.1])

0.59 (0.31 to 1.11)

0.88 (0.61 to 1.26)

1.28 (0.63 to 2.58)

0.95 (0.69 to 1.31)

Crude OR (95%CI)

-0.08 (-0.17 to 0.01)

-0.02 (-0.09 to 0.04)

0.11 (-0.04 to 0.27)
0.15 (-0.06 to 0.36)

Mean difference

Effect of intervention

0.90

0.10

0.07

0.49

0.48
0.81
0.53

0.56
0.16

0.52

0.49
0.32

0.75

Crude

p

0.63

0.04

0.12

0.44

0.46
0.78
0.33

0.71
0.77

0.81

0.61
0.78

0.80

Adjusted*

2nd trimester
-0.08 (-0.12 to -0.03) [142]
-0.05 (-0.10 to 0.00) [123]
-0.02 (-0.10 to 0.04)
0.44
0.21
rd
3 trimester
-0.18 (-0.24 to -0.12) [131]
-0.07 (-0.13 to -0.02) [109]
-0.10 (-0.19 to -0.01)
0.03
0.04
* for age, pre-pregnancy BMI, and prior GDM and parity status; for change in glucose concentration in addition to baseline value and weeks of gestation; for primary outcome in Study I, additionally for
the length of preconception intervention and in Study III, additionally for weeks of gestation at diagnostic oral glucose tolerance test; †compared to the first visit
CI = confidence interval; GDM = gestational diabetes mellitus; OGTT = 2-h 75-g oral glucose tolerance test; OR = odds ratio; [Number of participants]

Change in fasting blood glucose

(mmol/L) †

4/20 (20.0 [5.7 to 43.7])

27/125 (21.6 [14.7 to 29.8])

Study III (Early pregnancy arm, subgroup with normal OGTT at baseline)
GDM
20/144 (13.9 [8.7 to 20.6])

Insulin or metformin treatment for GDM

-0.20 (-0.26 to -0.14) [183]

-0.28 (-0.35 to -0.22) [208]

-0.12 (-0.17 to -0.08) [209]

-0.15 (-0.19 to -0.10) [226]

111/231 (48.1 [41.5 to 54.7])
72/197 (36.5 [29.8 to 43.7])
28/111 (25.2 [17.5 to 34.4])

-0.50 (-0.60 to -0.40) [61]
-0.61 (-0.73 to -0.49) [56]

3rd trimester

107/239 (44.8 [38.4 to 51.3])
87/231 (37.7 [31.4 to 44.3])
31/107 (29.0 [20.6 to 38.5])

-0.39 (-0.51 to -0.26) [63]
-0.46 (-0.65 to -0.27) [46]

9/34 (26.5 [12.8 to 44.4])

34/63 (54.0 [40.9 to 66.6])
19/57 (33.3 [21.4 to 47.1])

145/294 (49.3 [43.5 to 55.2])

Control

2nd trimester

GDM (total)
GDM in an OGTT <20 weeks gestation
Insulin or metformin treatment for GDM
Change in fasting blood glucose (mmol/L) †

2nd trimester
3rd trimester
Study II (Early pregnancy arm)

Change in fasting blood glucose (mmol/L)

13/39 (33.3 [19.1 to 50.2])

Insulin or metformin treatment for GDM

†

39/65 (60.0 [47.1 to 72.0])
25/59 (42.4 [29.6 to 55.9])

146/304 (48.0 [42.3 to 53.8])

GDM (total)
GDM in an OGTT <20 weeks gestation

Study I (Pre-pregnancy arm)

Total RADIEL cohort
GDM (total)

Intervention

Table 20. Maternal glucose metabolism–related outcomes in The Finnish Gestational Diabetes Prevention Trial (RADIEL) according to the trial arm and
intervention group. Values are counts (% [95% CI]) or mean (95% CI). For the primary outcome, crude ORs are additionally presented

5.1.3 CHANGES IN LIFESTYLE (STUDIES I–III)
Table 21 shows the changes in HFII at follow-up visits compared to the first visit in
the RADIEL trial, according to the trial arm and intervention group. In Study I,
the HFII improved more in the intervention group compared with the control group
when assessed in the second, but not in the third trimester. Further adjustments did not
change this finding. A respective difference was seen in the second trimester in Studies
II and III, but only after adjustments for age, pre-pregnancy BMI, and prior GDM and
parity status, weeks of gestation, and baseline values. Furthermore, after similar
adjustments, the difference was significant in the third trimester in Study II.
Table 21. Changes in Healthy Food Intake Index (HFII) points in follow-up visits compared
to first visit in the Finnish Gestational Diabetes Prevention Trial (RADIEL) in participants
recruited before pregnancy and during early pregnancy according to the intervention arm.
Values are mean (95% confidence interval).
Intervention

Effect of intervention

p

Mean difference

Crude

Adjusted*

0.3 (-0.4 to 1.1) [51]
0.6 (-0.1 to 1.4) [48]

1.4 (0.2 to 2.6)
0.9 (-0.2 to 2.1)

0.02
0.12

0.03
0.25

0.6 (0.2 to 0.9) [175]
0.4 (0.0 to 0.8) [162]

0.3 (-0.1 to 0.8)
0.4 (-0.1 to 0.9)

0.16
0.10

0.04
0.03

0.16
0.31

0.04
0.11

Control

Study I (Pre-pregnancy arm)

2nd trimester
3rd trimester

1.7 (0.8 to 2.6) [47]
1.5 (0.6 to 2.4) [46]

Study II (Early pregnancy arm)

2nd trimester
3rd trimester

0.9 (0.6 to 1.3) [188]
0.8 (0.5 to 1.2) [175]

Study III (Early pregnancy arm, subgroup with normal OGTT at baseline)

2nd trimester
3rd trimester

0.7 (0.3 to 1.1) [115]
0.5 (0.7 to 0.9) [114]

0.4 (-0.1 to 0.8) [100]
0.2 (-0.3 to 0.7) [192]

0.4 (-0.1 to 1.0)
0.3 (-0.3 to 1.0)

* for age, pre-pregnancy BMI, and prior GDM and parity status, weeks of gestation, and baseline value;
[Number of participants]

Changes in physical activity at follow-up visits compared to the first visit in
the RADIEL trial according to the trial arm and intervention group are presented in
Table 22. There was no difference in the change of physical activity between
the intervention and control groups in Study I. In Study II, the women in the control
group reduced their leisure-time physical activity compared to the intervention group.
There was a similar difference between the intervention and control groups in
the second trimester in Study III, but it became significant only after adjustments for
age, pre-pregnancy BMI, and prior GDM and parity status, weeks of gestation, and
baseline values. No difference between the groups was seen in weekly leisure-time
physical activity in the third trimester in Studies II and III.
Furthermore, there was no difference between the intervention and control groups
in proportions of participants achieving the physical activity goal in any of the study
arms (Studies I–III) (Table 22).
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Table 22. Changes in weekly leisure-time physical activity (LTPA) and achievement of
the goal of at least 150 minutes a week of LTPA in the Finnish Gestational Diabetes
Prevention Trial (RADIEL) in participants recruited before pregnancy and during early
pregnancy according to the intervention arm. Values are mean (95% confidence interval) or
counts (%, out of those with data available)
Intervention

Control

Effect of
intervention

p

Mean
difference

Crude

Adjusted*

22 (-22 to 66)
-28 (-84 to 28)

0.32
0.32

0.38
0.12

0.29
0.32

0.31
0.26

0.03
0.61

0.02
0.37

0.21
0.53

0.16
0.22

Study I (Pre-pregnancy arm)

LTPA (minutes/week)
2nd trimester
3rd trimester
LTPA goal achieved, n (%)
2nd trimester
3rd trimester

-5 (-35 to 26) [38]
-48 (-76 to -19) [32]

-26 (-58 to 7) [43]
-20 (-65 to 25) [40]

10/49 (20.4)
6/44 (13.6)

7/55 (12.7)
11/51 (21.6)

4 (-6 to 15) [176]
-16 (-2 to -29) [162]

-17 (-33 to 0) [159]
-22 (-40 to -3) [138]

44/204 (21.6)
29/190 (15.3)

31/187 (16.6)
23/168 (13.7)

Study II (Early pregnancy arm)

LTPA (minutes/week)
2nd trimester
3rd trimester
LTPA goal achieved, n (%)
2nd trimester
3rd trimester

21 (2 to 40)
6 (-17 to 29)

Study III (Early pregnancy arm, subgroup with normal OGTT at baseline)

LTPA (minutes/week)
2nd trimester
3rd trimester
LTPA goal achieved, n (%)
2nd trimester
3rd trimester

4 (-11 to 16) [107]
-27 (-45 to -10)
[102]

-21 (-46 to 4) [100]

25 (-3 to 53)

0.09

0.03

-25 (-52 to 2) [88]

2 (-33 to 29)

0.89

0.77

29/127 (22.8)
16/122 (13.1)

23/110 (20.9)
13/97 (13.4)

0.72
0.95

0.45
0.60

* for age, pre-pregnancy BMI, and prior GDM and parity status, weeks of gestation, and baseline values; [Number of
participants]

5.1.4 GESTATIONAL WEIGHT GAIN (STUDIES I–III)
There were no differences between the intervention groups in gestational weight gain,
and further adjustments (age, pre-pregnancy obesity, prior GDM and parity status,
weeks of gestation, and baseline values) did not change the results (Table 23). Of
the 377 women with a pre-pregnancy BMI of ≥30 kg/m2 (including both the prepregnancy and early pregnancy trial arm), 47 (24.4%) in the intervention and 45 (24.5%)
in the control group achieved the goal of no weight gain during the first two trimesters
(p=0.98).
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Table 23. Gestational weight gain (GWG)* in the Finnish Gestational Diabetes Prevention
Trial (RADIEL) in participants recruited before pregnancy and during early pregnancy
according to the intervention arm. Values are mean (95% confidence interval).
Intervention

Control

Effect of intervention

Mean difference
Study I (Pre-pregnancy arm)
GWG (kg)
9.6 (7.8 to 11.4) [53]
9.2 (7.6 to 10.8) [56]
0.4 (-1.9 to 2.8)
Study II (Early pregnancy arm)
GWG (kg)
8.8 (8.0 to 9.6) [224]
8.3 (7.6 to 9.1) [225]
0.5 (-0.6 to 1.6)
Study III (Early pregnancy arm, subgroup with normal OGTT at baseline)
GWG (kg)
9.4 (8.5 to 10.4) [142]
8.6 (7.7 to 9.6) [125]
0.8 (-0.5 to 2.2)

p
0.72
0.40
0.23

*calculated from the weight measured at last visit before pregnancy for pre-pregnancy arm (Study I) and self-reported prepregnancy weight collected from primary healthcare maternity records for early pregnancy arm (Study II–III); [Number of
participants]

5.1.5 PERINATAL AND NEONATAL OUTCOMES (STUDIES I–III)
The intervention had no effect on perinatal or neonatal outcomes in either trial arm
(Study I and II), or within the subgroup of women with normal OGTT at inclusion in
the early pregnancy trial arm (Study III) (Table 24). Further adjustments did not change
the significance.
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5 (7.9)
3 (4.8)
2 (3.2)
0 (0)
25 (40.3)
4 (6.5)
13 (21.0)
0 (0)
39.8 (1.1)
1 (1.6)
3811 (489)
5 (7.9)
0.52 (1.0)
3 (4.8)
0 (0)
4 (6.4)
1 (1.6)
2 (3.7)
1 (1.6)

3 (4.6)
4 (6.3)
1 (1.6)
1 (1.6)
27 (42.9)
1 (1.6)
11 (17.5)
0 (0)
39.6 (1.4)
3 (4.7)
3682 (498)
1 (1.6)
0.35 (1.0)
4 (6.4)
0 (0)
3 (4.7)
1 (1.6)
3 (5.2)
0 (0)

0.72
1.00
1.00
0.50

0.35
0.62
0.15
0.12
0.34
1.00

0.49
1.00
0.62
1.00
0.77
0.21
0.62

39.8 (2.0)
12 (5.1)
3640 (597)
11 (4.7)
0.20 (1.1)
8 (3.4)
5 (2.1)
9 (4.0)
16 (6.8)
4 (1.7)
17 (8.2)
3 (1.3)

15 (6.4)
18 (7.7)
14 (6.0)
6 (2.7)
87 (37.0)
19 (8.1)
55 (23.4)
5 (2.1)
39.9 (1.5)
7 (3.1)
3706 (524)
9 (3.9)
0.32 (1.0)
13 (5.7)
1 (0.4)
4 (1.8)
13 (5.7)
4 (1.8)
11 (5.1)
1 (0.4)

9 (3.9)
13 (5.7)
7 (3.1)
1 (0.4)
91 (39.7)
21 (9.2)
59 (25.8)
2 (0.9)
0.55
0.27
0.20
0.69
0.28
0.24
0.22
0.17
0.62
1.00
0.19
0.62

0.23
0.39
0.13
0.12
0.55
0.68
0.56
0.45

p

39.9 (1.8)
6 (4.2)
3626 (562)
6 (4.2)
0.15 (1.0)
4 (2.8)
3 (2.1)
2 (1.4)
7 (4.9)
1 (0.7)
8 (6.5)
1 (1.4)

12 (8.3)
7 (4.9)
7 (4.9)
5 (3.5)
45 (31.3)
12 (8.3)
31 (21.5)
4 (2.8)

n=144

Intervention

40.0 (1.6)
4 (3.2)
3680 (549)
5 (4.0)
0.23 (1.0)
7 (5.6)
1 (0.8)
3 (2.5)
7 (5.6)
3 (2.4)
7 (5.9)
0 (0)

6 (4.8)
6 (4.8)
3 (2.4)
0 (0)
40 (32.0)
12 (9.6)
30 (24.0)
2 (1.6)

n=125

Control

0.84
0.76
0.43
0.95
0.39
0.24
0.63
0.67
0.79
0.34
0.87
0.50

0.25
0.98
0.35
0.06
0.90
0.72
0.63
0.69

p

Study III (Early pregnancy arm, the subgroup
with normal OGTT at baseline)

*When 5 min Apgar points were missing, the 1 min value was used if 9 or 10; LGA = large-for-gestational-age; OGTT = 2-h 75-g oral glucose tolerance test; RDS = respiratory distress syndrome; SD =
standard deviation; SGA = small-for-gestational age; TTN = transient tachypnea of newborn

Maternal outcomes
Hypertension before 20 weeks gestation
Pregnancy-induced hypertension
Pre-eclampsia
Intrahepatic Cholestasis of Pregnancy
Induction of delivery
Operative vaginal delivery
Cesarean delivery
3rd or 4th grade perineal tear
Neonatal outcomes
Gestational age at birth (weeks), mean (SD)
Premature (less than 37 weeks gestation)
Birthweight (g), mean (SD)
Birthweight >4500 g
Birthweight z- score (SD), mean (SD)
LGA (birthweight >2.0 SD)
SGA (birthweight <-2.0 SD)
Apgar points <7 at 5 minutes*
RDS/TTN
Congenital malformation
Glucose infusion
Fractured clavicle or Erb’s palsy

n=229

Control

n=63

n=65

n=235

Intervention

Control

Intervention
p

Study II (Early pregnancy arm)

Study I (Pre-pregnancy arm)

Table 24. Perinatal and neonatal outcomes in The Finnish Gestational Diabetes Prevention Trial (RADIEL) in participants recruited before pregnancy and
during early pregnancy according to the intervention group. Values are counts (%) unless otherwise stated.

5.2 ASSOCIATION OF SOCIOECONOMIC STATUS AND RISK OF
GESTATIONAL DIABETES IN PRIMIPAROUS FINNISH WOMEN (STUDY
IV)
5.2.1 ASSOCIATION OF INCOME LEVEL AND CLINICAL AND DEMOGRAPHIC
CHARACTERISTICS OF PRIMIPAROUS FINNISH WOMEN (STUDY IV)
The mean age in the whole study population was 28.9 (SD 4.9) years and income 26,864
(SD 14,057) €. The distribution of income in the study cohort and cut-offs for the five
annual income levels are presented in Figure 13. Table 25 shows the clinical and
demographic characteristics of primiparous women in Study IV according to these five
levels of income. Between women in the different income level groups, the average prepregnancy BMI or the proportion of primigravidas did not differ. Meanwhile, there was
significant linearity between income level and other assessed pre-pregnancy
characteristics of the participants. The association between the income level and
assessed characteristic was inverse for rates of smoking and obesity. At the same time,
years of education, the proportion of cohabiting individuals, maternal height, and
frequency of multiple gestation increased with increasing income level.
There was a positive correlation between age and income (Spearman correlation
coefficient of 0.59 [95% CI 0.58 to 0.61]) (Figure 14).
5.0

All women
Women with GDM

4.5
4.0

Percentage

3.5

I

II

III

IV

V

3.0
2.5
2.0
1.5
1.0
0.5
0.0
0 10 20 30 40 50 60 70 80 90 100

Yearly income, 1000€

Figure 13 Distribution of annual taxable income in a cohort of pregnant women and
subgroup of women with gestational diabetes (GDM), calculated as a percentage of the total
study cohort. The cohort includes all the 5962 Finnish primiparous women, aged 20 years or
older, and without previously diagnosed diabetes mellitus from the city of Vantaa in 2009 to
2015. Dashed vertical lines indicate the cut-offs of five income level groups (I to V).
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Table 25. Characteristics of 5962 Finnish primiparous women, aged 20 years or older, and
without previously diagnosed diabetes mellitus from the city of Vantaa in 2009 to 2015,
grouped according to annual taxable income level. Values are counts (%) unless otherwise
stated.
I

II

III

IV

V

<11,120 €

11,120 –

22,855 –

29,940 –

>40,190 €

22,855 €

29,940 €

40,190 €

n=745

n=1491

n=1490

n=1491

n=745

24.4 (4.4)

26.6 (4.2)

29.0 (4.1)

31.2 (3.8)

33.2 (3.6)

<0.001

11.7 (2.5)

12.9 (2.3)

13.5 (2.1)

14.7 (2.0)

15.7 (2.0)

<0.001

Cohabiting

516 (69)

1174 (79)

1210 (81)

1275 (86)

649 (87)

<0.001

Smokers

259 (35)

326 (22)

227 (15)

143 (10)

50 (7)

<0.001

Height, (cm), mean (SD)

165 (6)

165 (6)

166 (6)

166 (6)

167 (6)

<0.001

BMI (kg/m ), mean (SD)

24.1 (5.4)

24.0 (4.8)

24.4 (4.5)

24.1 (4.1)

24.1 (4.1)

0.65

Obesity (BMI ≥30 kg/m )

101 (14)

176 (12)

180 (12)

135 (9)

68 (9)

<0.001

Primigravida

584 (78)

1 165 (78)

1 207 (81)

1 215 (81)

603 (81)

0.10

Fertility treatment

21 (3)

70 (5)

114 (8)

209 (14)

129 (17)

<0.001

Multiple gestation

5 (1)

15 (1)

18 (1)

25 (2)

20 (3)

<0.001

Age (years), mean (SD)
Years of education, mean
(SD)

†

2

†

2

p-value*

*for linearity; †before pregnancy

50
45

Annual income, 1000 €

40
35
30
25
20
15
10
5
0
20

25

30

35

40

45

Age, years
Figure 14 The relationship between age and yearly income evaluated by use of penalized
regression splines among 5962 Finnish primiparous women, aged 20 years or older, and
without previously diagnosed diabetes mellitus from the city of Vantaa in 2009 to 2015.
The shaded area indicates 95% confidence intervals.
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5.2.2 ASSOCIATION OF INCOME AND GESTATIONAL DIABETES (STUDY IV)
The incidence of GDM in the whole study population was 16.5% (n=988).
The incidence (adjusted for age, smoking, pre-pregnancy BMI, and cohabiting status)
decreased with increasing income level and was 19.4% (95% CI 16.2 to 22.5) for level I,
18.4% (95% CI 16.4 to 20.5) for level II, 16.8% (15.0 to 18.6) for level III, 16.1%
(95% CI 14.4 to 17.8) for level IV, and 12.8% (10.7 to 14.8) for level V (p<0.001 for
linearity). The OR for GDM for income level V compared with income level I was 0.58
(95% CI: 0.43 to 0.79, p<0.001; adjusted for age, smoking, pre-pregnancy BMI, and
cohabiting status). Figure 15 shows the similarly adjusted prevalence of GDM on
a continuous annual income scale.
Women 30 years and older who did not develop GDM had a higher annual taxable
income compared to women of similar age who developed GDM (Figure 16A). As
an example, at the age of 30 years, the difference in yearly income between women
without GDM and women with GDM was 2544 (95% CI: 1456 to 3678) €.
Correspondingly, women with a BMI >27 kg/m2 who did not develop GDM had
a higher annual taxable income compared to women with the same degree of adiposity
who developed GDM (Figure 16B).
30

Incidence of GDM, %

25

20

15

10

5

0
0 20 40 60 80 100

Income, 1000 €
Figure 15 Incidence of gestational diabetes mellitus (GDM) on a continuous scale of annual
taxable income, adjusted for age, smoking, body mass index, and cohabiting status with
logistic regression models (p<0.001 for linearity)
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B

1.5

1.5

1.4

1.4

Ratio of annual income (GDM- / GDM+)

Ratio of annual income (GDM- / GDM+)

A

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5

1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5

20 25 30 35 40 45

20 25 30 35 40

Age, years

BMI, kg/m2

Figure 16 Mean ratio with 95% confidence intervals of annual taxable income of women
without gestational diabetes (GDM-) and with gestational diabetes (GDM+) according to (A)
age (adjusted for smoking, pre-pregnancy body mass index [BMI], and cohabiting with
generalized linear models) and (B) pre-pregnancy BMI (adjusted for age, smoking, and
cohabiting with generalized linear models).

Moreover, when assessed simultaneously with a logistic regression model, there was
an inverse relationship between GDM and both five income (p=0.007) and four
educational attainment levels (p=0.039), with no interaction between income and
education (p=0.52) (Figure 17).
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9-10 years
V
IV
III
II
I

11-14 years
V

Annual income level

IV
III
II
I

15-16 years
V
IV
III
II
I

³17 years
V
IV
III
II
I
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30

Incidence of GDM, %
Figure 17 The relationship between the incidence of gestational diabetes mellitus (GDM)
and five annual taxable pre-pregnancy income levels according to four educational
attainment levels (adjusted for age, smoking, BMI, and cohabiting with a logistic regression
model). Nine to ten years of schooling equals basic education; 11 to 14 years equals upper
secondary education or post-secondary non-tertiary education; 15 to 16 years equals
bachelor’s or equivalent education; and 17 years or more of education equals master’s,
doctoral, or equivalent education. Annual income was 0–11,120 € for level I, >11,120–
22,855 € for level II, >22,855–29,940 € for level III, >29,940–40,190 € for level IV, and
>40,190 € for level V. Bars show 95% confidence intervals.
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6 DISCUSSION
6.1 INTERPRETATION OF RESULTS
6.1.1 PREVENTION OF GESTATIONAL DIABETES AND RELATED ADVERSE OUTCOMES WITH
A LIFESTYLE INTERVENTION

6.1.1.1 GESTATIONAL DIABETES
The moderate intensity lifestyle counseling intervention, including counseling on both
dietary intake and physical activity, and initiated either in pre-pregnancy or the first half
of pregnancy did not influence the total occurrence of GDM in all the high-risk women
included in Studies I and II. These findings are in line with most published lifestyle
intervention trials, in which the intervention is initiated during pregnancy, that also have
failed to have an impact on the incidence of GDM (Luoto et al. 2011; Vinter et al. 2011;
Renault et al. 2014; Dodd et al. 2014c; Poston et al. 2015; Wang et al. 2015; Simmons
et al. 2017).
It is of importance to note, however, that in Study I the statistical power remained
too small, due to the small number of participants available for primary outcome
analyses, to reliably establish the association between the pre-pregnancy intervention
and GDM incidence. Prior trials with interventions initiated during pregnancy have
mostly had power calculations based on primary outcomes other than GDM. Of
the other combined lifestyle intervention trials with GDM as the primary outcome and
basis for the power calculations, the UPBEAT (n=1555) and an Italian trial (n=191)
have met their preplanned sample sizes (Poston et al. 2015; Bruno et al. 2017).
In Study III, in other words in the subgroup of women recruited in the first half of
pregnancy and with normal OGTT at inclusion, the risk for GDM was reduced by 36%
in the intervention group. The reduction in the risk became significant only after
adjustments, however. Study III was one of the first studies that succeeded in GDM
prevention within a specific subgroup of pregnant women.
In line with Study III, there are some other examples of successful prevention trials
utilizing a combined lifestyle intervention (Petrella et al. 2014; Jing et al. 2015; Bruno
et al. 2017). No obvious common denominator exists explaining the success of the four
studies, including Study III. One of the studies is from China (Jing et al. 2015), while
the rest are from Europe with mostly Caucasian study populations. Both the trial by
Petrella and associates (2014) and the trial by Bruno and associates (2017) are Italian
and done by partly the same research team. While Study III applied national diagnostic
criteria for GDM, two of the other trials utilized IADPSG criteria (Petrella et al. 2014).
The inclusion criteria were not similar either: in Study III, participants were either
obese or had prior GDM, while in the Italian trials overweightness or obesity was
the inclusion criteria (Petrella et al. 2014). Furthermore, in the trial by Petrella and
associates (2014), prior GDM was part of the exclusion criteria. In comparison,
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the mean BMI at baseline in the Chinese trial was less than 21 (Jing et al. 2015). Of
note, the Chinese study reported only per-protocol analyses (Jing et al. 2015).
Additionally, few studies have succeeded in GDM prevention utilizing interventions
focusing on diet (Quinlivan et al. 2011) or physical activity (Cordero et al. 2015; Barakat
et al. 2016; Wang et al. 2017). In their small trial with 124 participants, Quinlivan and
associates (2011) applied a four-step multidisciplinary approach including dietary
intervention that reduced the odds for combined IGT and GDM (defined by WHO
criteria at the time) in overweight and obese women (OR 0.17, 95% CI 0.03–0.95). All
of the successful physical activity trials utilized supervised exercise classes instead of
physical activity counseling and also included non-obese participants (Cordero et al.
2015; Barakat et al. 2016; Wang et al. 2017).
The recent reviews and meta-analyses concerning lifestyle interventions have
provided inconclusive results, with some reason for optimism though (Song et al. 2016;
The International Weight Management in Pregnancy 2017; Shepherd et al. 2017; Guo
et al. 2019). While the Cochrane review including only the combined lifestyle
interventions showed no effect on the GDM incidence (Shepherd et al. 2017), the larger
meta-analyses including dietary, physical activity, or combined interventions
demonstrated a modest 18 to 23% reduction in the risk of GDM (Song et al. 2016; Guo
et al. 2019).
The total incidence of GDM was 57% in Study I, 46% in Study II, and 17% in
Study III. Except for Study III, these incidences are much higher compared with
the GDM incidence of 12–15% in the background population at the time of the study
(THL 2018). Since the participants in Studies I–III are all women with high GDM risk,
it is not surprising that the GDM incidence is higher compared with the national
incidence. The magnitude of the incidence in Study I and Study II was, however, higher
than was initially anticipated. The original assumptions were not based on published
data since there were no similar studies available at the time of the planning of
the RADIEL trial.
One explanation for both the unexpectedly high incidence and the difference in
incidences between Studies I–III is probably the differing proportions of participants
with a history of GDM between these studies. In observational studies from the last
decade, the reported recurrence rate of GDM has varied between 38–47% (Getahun
et al. 2010; Ehrlich et al. 2011; Khambalia et al. 2013; Kruse et al. 2015). In Study I,
80% of the allocated participants and in Study II 40% of the allocated participants had
prior GDM. The rate of prior GDM within the subgroup of Study II that comprised
Study III was 33%. The difference in GDM incidence between Study III and the two
others is mainly explained by the exclusion of women with early GDM reducing the rate
for total GDM.
6.1.1.2 PERINATAL AND NEONATAL OUTCOMES
In this study, perinatal or neonatal outcomes –– including the occurrence of
hypertensive disorders of pregnancy, birthweight of the offspring, and rate of LGA
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newborns –– did not differ between intervention and control groups regardless of
the trial arm or subgroup (Studies I–III).
The null finding concerning the hypertensive disorders of pregnancy is in
concordance with most published trials (Vinter et al. 2011; Renault et al. 2014; Dodd
et al. 2014c; Poston et al. 2015; Sagedal et al. 2017). Two of the trials that succeeded in
GDM prevention have, however, shown a reduction in the rate of pregnancy-induced
hypertension (Petrella et al. 2014; Bruno et al. 2017).
While having no significant effect on the incidence of GDM itself, some other
combined lifestyle intervention trials have succeeded in reducing the rate of adverse
GDM-related neonatal outcomes, including LGA newborns or macrosomia (Luoto
et al. 2011; Dodd et al. 2014c). There was no difference, however, in the rate of LGA
between the intervention and control groups in the Australian Limiting weight gain in
overweight and obese women during pregnancy to improve health outcomes (LIMIT)
trial, the only combined intervention trial with LGA as the primary outcome (Dodd
et al. 2014c). Furthermore, in the LIMIT trial, there was less respiratory distress
syndrome in the infants born to women in the intervention group (Dodd et al. 2014b).
The LIMIT trial additionally reported no increase in the short-term risk of harm for
the offspring (Dodd et al. 2014b). Similarly, no short-term harm for the offspring or
the mother was identified in the RADIEL trial.
6.1.1.3 GESTATIONAL WEIGHT GAIN
There was no difference between the intervention and control groups in the total GWG
in Studies I–III. This is in line with some other combined lifestyle intervention trials
(Luoto et al. 2011; Dodd et al. 2014c; Jing et al. 2015; Wang et al. 2015; Bruno et al.
2017).
Many of the combined lifestyle intervention trials have, however, been effective in
limiting GWG (Vinter et al. 2011; Walsh et al. 2012; Renault et al. 2014; Hui et al. 2014;
Poston et al. 2015; Simmons et al. 2017). The combined healthy eating and physical
activity intervention in the DALI trial additionally succeeded in reducing GWG,
compared to isolated dietary or physical counseling (Simmons et al. 2017).
One-quarter of obese participants in Studies I–III achieved the pre-specified GWG
goal with no difference between intervention and control groups. The GWG goal in
the trial of no weight gain during the first and second trimesters for obese gravidas was
rather stringent, especially considering that, according to IOM 2009 guidelines,
the recommended GWG for obese women by the end of the second trimester is about
3 to 6 kg (IOM 2009). The recommendation in Studies I–III was, however, in line with
the national Current Care Guidelines at the time (Kaaja et al. 2008).

6.1.2 IMPACT OF INTERVENTIONS ON LIFESTYLE
It makes sense that to have an impact on the incidence of GDM an intervention should
first have an impact on the lifestyle of the pregnant woman. There were modest
differences in lifestyle parameters favoring the intervention detectable between
the intervention and control groups at either the second or third trimester in the pre-

84

pregnancy (Study I) and early pregnancy trial arms (Study II) in the RADIEL trial, with
no effect on the total incidence of GDM, however.
Similarly, in the UPBEAT trial, while there were improvements in the lifestyle
indicators, there was no impact of the intervention on the incidence of GDM or infants
born LGA (Poston et al. 2017). The reported improvements in the UPBEAT trial were
a reduction in dietary glycemic load, reduced saturated fat intake, and an increase in
physical activity with a modest reduction in GWG. An improved dietary quality or
diminished total energy intake in the intervention group was also present in the trials
succeeding at reducing the rate of LGA or macrosomia, while having no effect on
the incidence of GDM (Luoto et al. 2011; Dodd et al. 2014a).
In turn, in Study III there were modest but significant differences in lifestyle
indicators, both in the HFII and the weekly minutes of LTPA, between intervention
and control groups in the second trimester and consequently in the incidence of GDM.
The difference between the groups in Study III disappeared in the third trimester,
which may be explained by the treatment in the public healthcare system of GDM
among affected women from both the intervention and control groups, reducing
the differences in management protocols between these groups.
The other successful GDM prevention trials with combined lifestyle intervention
have also improved either the diet (Petrella et al. 2014; Bruno et al. 2017) or both diet
and physical activity of the participating women (Jing et al. 2015). In the Italian trial by
Petrella and associates (2014), the women in the intervention group improved their
eating habits by increasing the number of daily snacks, the intake of fruits and
vegetables, and decreasing the consumption of sugar. In the Chinese trial by Jing and
associates (2015), the women in the intervention group followed the nationally
recommended diet for pregnant women more closely and spent less time resting and
more time doing mild activities compared with women in the control group.
In Studies I to III, the physical activity intervention consisted of counseling and
the possibility to attend exercise groups or public swimming pools once a week free of
charge. The successful GDM preventions with physical activity interventions have
consisted of supervised exercise sessions three times a week (Cordero et al. 2015;
Barakat et al. 2016; Wang et al. 2017). The programs have included either mainly
aerobic (Wang et al. 2017), or both aerobic and strength exercises and stretching
(Cordero et al. 2015; Barakat et al. 2016). In many unsuccessful physical activity or
combined lifestyle intervention trials, the physical activity counseling has probably been
less intense and less structured compared with these studies. According to one of
the meta-analyses of diet and exercise interventions, physical activity of moderate
intensity for 50–60 minutes twice a week has the potential to lead to an approximately
24% reduction in GDM (Guo et al. 2019).
In general populations, lifestyle changes have proven difficult, achieving only
modest changes, especially in the long-term (Wing and Hill 2001; van Sluijs et al. 2004;
Rössner et al. 2008). Observational evidence suggests that dieting and intentional weight
loss in the general population may even predict more weight gain in the long run
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(Kärkkäinen et al. 2018). Greaves and associates (2011) reviewed 30 lifestyle
intervention RCTs aiming at T2D prevention. They concluded that the following
methods increased intervention effectiveness: engaging social support, targeting both
diet and physical activity, and using established behavior change techniques (Greaves
et al. 2011). Additional improving factors were increased contact frequency and using
techniques like goal-setting and self-monitoring (Greaves et al. 2011). Similarly, another
review of 101 interventions supported including self-monitoring, goal-setting, and
providing performance feedback in interventions aiming at promoting lifestyle changes
(Michie et al. 2009). Less is known about which approaches perform best during
pregnancy (Flynn et al. 2016).
While the intervention in Studies I–III was not based on any behavior theory, it did
include some components mentioned above, including goal-setting, self-monitoring,
feedback, and social support in the form of the group session with a dietician.

6.1.3 TARGETING OF THE INTERVENTIONS
6.1.3.1 THE ROLE OF A RISK PROFILE
Intervention trials are usually most successful among people at the highest risk
(Tuomilehto et al. 2001; Knowler et al. 2002). In a meta-regression analysis of GDM
prevention intervention trials, the higher the baseline risk for GDM was in the study
population, the better the preventive effect (Guo et al. 2019). The women enrolled in
the RADIEL trial represent a high-risk group, since both obesity and prior GDM,
the inclusion criteria for the RADIEL, are strong risk factors for GDM. Additionally,
type 2 diabetes and prediabetes are prevalent in Finland, reflected in the high prevalence
of GDM in the Finnish population that the RADIEL cohort represented.
Published GDM prevention studies have differed regarding the targeted risk group,
and whether they aim more at primary or secondary prevention. Compared with
the RADIEL trial, the largest combined lifestyle intervention trials, the LIMIT trial and
the UPBEAT, have also included women with possibly a lesser risk for GDM.
The included populations with smaller risk may provide one explanation for the lack of
success in them. The LIMIT trial included both overweight and obese women of whom
59% had a prior delivery, but the rate of prior GDM was not reported (Dodd et al.
2014c). While all the participants in the UPBEAT trial were obese and about 44% of
them primiparous, of the multiparous women only up to 4% had a history of GDM
(Poston et al. 2015).
On the other hand, in a small Italian RCT with 61 overweight or obese participants
without prior GDM (i.e., at possibly lesser risk compared with the RADIEL cohort),
lifestyle intervention proved to be successful as a primary GDM prevention (Petrella
et al. 2014).
In meta-regression of lifestyle interventions, Guo and associates (2018) found that
baseline BMI of participants did not correlate with the effect size. In other words, BMI
alone was not enough to identify the population who would respond well to
the interventions or even predict the risk for GDM. As an example, trials mainly
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recruiting participants of non-Caucasian ethnicity displayed a larger effect size than
those recruiting mainly Caucasians (Guo et al. 2019). Additionally, in an IPD metaanalysis, neither BMI at baseline nor Caucasian ethnicity modified the impact of
the interventions (Rogozinska et al. 2017).
Divergent risk profiles in the separate intervention study populations may reflect
differing pathophysiology behind the occurrence of GDM between these studies. In
other words, it is possible that the proportions of GDM explained by a defect in insulin
sensitivity and a defect in insulin secretion (or both) could vary between the study
populations, offering an additional explanation for inconsistent results. Authors from
the DALI consortium noted that one difference between Study III compared with
the DALI pilot was lesser insulin resistance (assessed with HOMA-IR) at baseline in
Study III (Simmons and van Poppel 2015; Simmons et al. 2015). As a matter of fact,
compared with DALI publications, the baseline insulin resistance in Studies I and II
was also less pronounced (Simmons et al. 2015; 2017).
One theory is that the lower HOMA-IR of the participants in Study III, compared
with the DALI participants, indicates a reduced insulin secretory capacity in women in
Study III compared with women not only in the DALI pilot but also in the UPBEAT
cohort, reflected by lower mean BMIs and a higher rate of women with prior GDM in
Study III compared with the two other studies (Simmons and van Poppel 2015).
The DALI authors continue by hypothesizing that overcoming the higher insulin
resistance (represented, for example, in the DALI pilot), compared to the one in Study
III, might require more substantial effort in limiting GWG or increasing physical
activity than has currently been achieved in most studies (Simmons and van Poppel
2015). Lifestyle interventions have indeed usually aimed at preventing GDM mainly
through attempts to reduce insulin resistance.
Moreover, certain genetic risk variants may additionally modify the effectiveness of
lifestyle interventions; as an example, in 226 women from Study III, only those not
carrying the risk allele G of melatonin receptor 1B gene (MTNR1B) rs10830963
benefited from the lifestyle intervention (Grotenfelt et al. 2016).
6.1.3.2 THE ROLE OF SOCIOECONOMIC STATUS AS A RISK FACTOR
As shown in Study IV, maternal income and education also have an impact on the risk
for GDM, both being inversely associated with it. Over two decades earlier, a similar
finding concerning the association of household income and risk for GDM was
presented in Canada, another country with universal access to essential healthcare
services (Joseph et al. 2007). In general, the findings concerning the association of SES
and GDM are, however, inconclusive.
Advancing age and increasing income correlate strongly and seem to have
an opposite effect on the risk for GDM. Therefore, it is essential to take age into
account when assessing the impact of income on GDM risk. In Study IV, a unique
possibility was presented to explore the effects of SES in combination with age and
BMI, by using data on individual maternal annual taxable income. In contrast, many of

87

Discussion

the previous studies have used the area of residence or self-reported factors as
an indicator of SES (Janghorbani et al. 2006; Anna et al. 2008; Collier et al. 2017).
In Study IV, age and BMI further modified the association between income and
GDM. The primiparous women older than 30 years and without GDM had a higher
yearly income compared with same age women with GDM. Similarly, women with
a BMI over 27 kg/m2 and without GDM had higher income compared with women
with equal BMI who developed GDM. A recent Australian cohort study reported
analogous findings regarding SES, age and risk of GDM; in primiparous women, no
association between SES (classified according to the area of living) and GDM was
detectable in the youngest age group (<25 years), while in the group of older women
the association was inverse (Abouzeid et al. 2015).
Eating behaviors seem to partially explain and mediate the association between SES
and obesity (Pigeyre et al. 2016). More specifically, in high stress and low resource
contexts, individuals tend to make unhealthy food choices in order to cope and seek
comfort, resulting in potentially adverse long-term health implications (Mezuk et al.
2017). SES is also associated with physical activity; according to the National health
interview survey in 2012, the participation in aerobic leisure time activities increased
with decreasing level of poverty in US adults (Blackwell et al. 2014).
Thus, SES might contribute, at least to some extent, to a healthier lifestyle and may
hence provide one way to target GDM prevention interventions, since women with low
educational attainment or incomes might be the ones most able to benefit from lifestyle
counseling.
Most lifestyle intervention trials for GDM prevention, including Studies I–III, have
been undertaken in high-income countries (Shepherd et al. 2017). Some of the trials
have, however, either been focused on disadvantaged populations within high-income
countries or performed in middle-income countries. An Australian intervention that
reduced the odds for combined IGT and GDM included overweight and obese women
from a disadvantaged and mostly Caucasian high-risk population with an unknown rate
of prior GDM (Quinlivan et al. 2011). The intervention consisted of a four-step
multidisciplinary approach that included continuity of obstetric provider as one of
the four steps (Quinlivan et al. 2011). Another successful GDM prevention example
comes from China, a middle-income country (Jing et al. 2015).
6.1.3.3 THE ROLE OF EARLY GESTATIONAL DIABETES
One possible reason for the lack of success of some of the intervention trials, including
in the RADIEL trial, might be pre-existing glucose intolerance or an intolerance that
develops during the first trimester, before the interventions usually take place. The lack
of a definition and established evidence-based criteria for early GDM, however,
complicates the assessment of glucose tolerance in early pregnancy. For example,
the ADA discourages the use of GDM diagnosis before the second trimester (ADA
2019a). Instead, they recommend classifying women diagnosed in the first trimester
with diabetes by standard diagnostic criteria of the non-pregnant population as having
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preexisting pregestational diabetes, mostly T2D. While more research is needed
concerning prediabetes (presence of impaired fasting glucose or IGT) in the first
trimester, the ADA suggests lifestyle changes to the women with prediabetic glycemia
according to the criteria of the non-pregnant population to reduce the risk of GDM or
T2D (ADA 2019a).
A significant proportion (36%) of the women allocated in Study II fulfilled
the national diagnostic criteria for GDM already in the first half of pregnancy. That
means that of the 218 cases of GDM in Study II, 159 (72.9%) were early GDM.
The respective numbers for the whole RADIEL trial, including both the pre-pregnancy
and early pregnancy trial arm (Studies I–II), were 291 cases of GDM, of which 203
(69.8%) were early GDM.
The proportion of early GDM in the RADIEL cohort was unexpectedly high. In
an Australian retrospective cohort of 888 women at risk, who were screened for GDM
with an OGTT before 20 weeks of gestation and had a repeat test later if the first was
negative, about half of the GDM cases were diagnosed in the first OGTT (Shub et al.
2018). A probable explanation for the high rate of early GDM in the RADIEL is
the risk profile of the participants including a high rate of prior GDM.
In comparison, in a Finnish population-based study, 12.1% of women had
pathologic OGTT at 12 to 16 weeks of gestation (Klemetti et al. 2016). In contrast, in
a small Italian GDM prevention RCT of 61 women, none of the participants had
pathologic OGTT at 16 to 18 weeks gestation (Petrella et al. 2014). None of these
women, however, had prior GDM.
Therefore, to be able to assess the effect of a lifestyle intervention during pregnancy
on GDM risk, it seems that glucose tolerance must be assessed before study inclusion.
Along these lines, the subgroup in Study III presents a pure GDM prevention during
pregnancy, since the women with pathological OGTT at inclusion were excluded. It is
important to note, however, that the successful subgroup of the RADIEL trial (Study
III) differed from the total RADIEL population regarding some strong risk factors.
The women in Study III had, for example, smaller BMI, fewer prior GDM or parental
history of diabetes individuals, and were less insulin resistant, compared with other
women enrolled in the early pregnancy trial arm.
Few other lifestyle intervention trials aiming at GDM prevention have assessed
glucose tolerance as the RADIEL did (at study inclusion in early pregnancy), and none
of them have been successful in GDM prevention. These few exceptions are
the Finnish feasibility trial by Korpi-Hyövälti and associates (2011), another Finnish
trial, the cluster randomized NELLI trial (Luoto et al. 2011), and the pan-European
DALI trial (Simmons et al. 2017). In the NELLI trial, about 28% of the assessed
women were excluded due to pathologic results in an OGTT at inclusion (Luoto et al.
2011), and the corresponding rate in the DALI was 27% (Simmons et al. 2017).
The participants in the NELLI trial had the mean pre-pregnancy BMI of about
26 kg/m2 compared with 32 kg/m2 in Study III, and the combined rate of prior GDM
or prior glucose intolerance during pregnancy of about 11%, which is much lower

89

Discussion

compared to the 33% of prior GDM in Study III. In DALI, the rate of prior GDM was
also lower (17%), while the mean pre-pregnancy BMI was closer (34 kg/m2) to the one
in Study III (Simmons et al. 2017).
Within the total RADIEL cohort, it is possible that since all women with
a diagnosis of early GDM in the intervention and control groups received routine
counseling and treatment within the Finnish healthcare system, this led to only small
differences in management protocols between the two intervention groups.
Consequently, this may have attenuated the differences in the effect of the RADIEL
intervention on secondary outcomes between the intervention and control groups.

6.1.4 THE TIMING OF THE INTERVENTIONS
Since most of the lifestyle interventions initiated during pregnancy have been
discouraging, one might argue that the duration of interventions during pregnancy is
too short to prevent GDM and related outcomes. This view is supported by
the association of an already healthier lifestyle before pregnancy with a decreased risk
for GDM (Tobias et al. 2011; 2012; Zhang et al. 2014). In the case of physical activity,
the protective effect seemed to be even stronger before than during pregnancy (Tobias
et al. 2011).
Intervention initiated before pregnancy could also theoretically have a significant
impact on the incidence of GDM and related complications because maternal prepregnancy and early pregnancy metabolic conditions already program the early placental
function and increase the expression of genes related to complications of fetal
overgrowth and GDM (Catalano and deMouzon 2015). Pre-pregnancy is also the only
opportunity to have an impact on glucose tolerance in the first and early second
trimester.
Moreover, although during the time surrounding family planning and pregnancy
women may be motivated for lifestyle changes to improve the well-being of their
offspring (Phelan 2010), pregnancy symptoms like nausea and fatigue may create
additional barriers for following healthy choices (Leppänen et al. 2014; Zhang et al.
2016).
Unfortunately, while Study I was the first published combined lifestyle intervention
pre-pregnancy trial aiming at GDM prevention, its final study population was too small
to reliably assess the impact of the pre-pregnancy intervention of GDM or glucose
tolerance during pregnancy.
In Study IV, lower education was associated with increased risk for GDM.
Education, reflecting the knowledge-related assets of an individual, is mostly completed
in young adulthood, so it would make sense that lifestyle education should additionally
be available at that stage of life to reduce the importance of low educational attainment
as a risk factor.
Programs promoting weight control in young adulthood, before significant obesity
develops, might be one possibility to improve the health of women of childbearing age,
since weight gain even within the limits of normal BMI in early adulthood increases

90

the risk for, for example, GDM (Metsälä et al. 2016). In the Finnish FinnTwin16 cohort
of young adults, with a mean age of 24 at baseline, only about a quarter of both women
and men could resist weight gain during the over 10-year follow-up (Kärkkäinen et al.
2018). At the same time, the rate of overweight or obesity among women increased
from 14.5% to 38.2%. Further, net weight loss was uncommon, showing in only 7.5%
of women (Kärkkäinen et al. 2018). Additionally, as concluded by Laine and associates
(2018b), as the age of primiparas continues to rise, promoting childbearing at a younger
age might have an impact on the risk for GDM.

6.2 STRENGTHS OF THE STUDY
One strength of the RADIEL trial (Studies I–III) is the characterization of
the participants at baseline, including assessment of early pregnancy glucose
metabolism. The characterization allows for taking into account confounding factors
and assessing the effect of the intervention initiated during pregnancy among
the subgroup where GDM prevention is possible, in other words among women with
normal OGTT at inclusion. Furthermore, the participant characterization and the novel
approach of a prepregnancy intervention (Study I) provide valuable information for
future trials on the timing and targeting of lifestyle interventions aiming at
the prevention of GDM and its adverse effects.
An additional strength in Studies I–III was that the intervention protocol was
simple and applicable to a primary healthcare setting. Further, the study nurses were
midwives with strong expertise in counseling pregnant women. The counseling was
individualized, including the identification of personal lifestyle factors that required
specific attention as well as allowing for personal preferences of the study participants.
The group counseling provided by dieticians was an additional strength.
The Finnish Current Care Guidelines for GDM were first published in 2008 and
updated in 2013. Hence, the guidelines did not change during the participant
recruitment period from 2008 to 2012 and follow-up until delivery in Studies I–III
(the RADIEL trial). Additionally, the diagnostic criteria for GDM remained the same in
both editions of the Current Care Guidelines and therefore did not change during
the whole study period of Study IV (the Vantaa Birth Cohort study 2009–2015).
Strengths of Study IV include, first of all, the comprehensive study cohort;
the cohort includes all Finnish primiparous women aged 20 years or older from the city
of Vantaa, without previously diagnosed diabetes mellitus during the seven years of
interest. The Finnish Medical Birth Register, the quality of which is regarded to be high
(Gissler et al. 1995), forms the basis of the study data. Study IV includes only
primiparous women, to exclude the confounding effects of previous GDM or parity on
the risk of GDM. Further, the data concerning annual maternal taxable income and
educational attainment are not self-reported but based on objectively collected data
obtained from the Finnish Tax Administration and Statistics Finland, respectively.
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6.3 LIMITATIONS OF THE STUDY
The main limitation of Study I, in particular, is small sample size, and consequently
the lack of statistical power to reliably establish an association between the intervention
and incidence of GDM. Of the other combined lifestyle intervention trials with GDM
as the primary outcome, a Chinese pilot RCT had no power calculations, the Finnish
NELLI nearly met the preplanned sample size (n=399 out of 420 needed) (Luoto et al.
2011), and the British UPBEAT and an Italian trial were able to exceed their preplanned
sample sizes (Poston et al. 2015; Bruno et al. 2017). In the Italian trial (n=191),
the preplanned sample size was as small as 120 participants, but the calculations are not
explained in detail (Bruno et al. 2017). Moreover, the power calculations of most prior
trials with intervention initiated during pregnancy have been based on primary
outcomes other than GDM.
There are at least a couple of factors that explain why the sample size in Study I
remained insufficient. Recruiting women before pregnancy proved to be difficult,
therefore, the recruitment goal was not reached during the 4-year recruitment period.
Also, the pregnancy rate within one year (the planned pre-pregnancy intervention
period) turned out to be low, leading to a higher dropout rate compared with
assumptions made before the study. One additional factor, limiting the assessment of
the intervention in Study I was that among the women who succeeded in becoming
pregnant, the participants in the intervention group were more often obese and
presented a more unfavorable lipid profile at baseline compared with participants in
the control group. This difference may reflect a greater pre-existing metabolic burden in
the intervention group.
The Study I lacks information on both the duration of the pregnancy attempt
before study inclusion and the possible infertility treatments among women who failed
to conceive. It seems plausible that the high-risk population in Study I presents a group
of sub-fertile women, which could confound the impact of the intervention and form
a bias between the pre-pregnancy and early pregnancy trial arms. There was, however,
no difference between the intervention and control groups within Study I in the use of
infertility treatments among women with successful pregnancies. Additionally, data on
the possibility that some of the drop-out women may have changed their intention to
get pregnant were not collected.
When it comes to the relatively rare adverse obstetric and perinatal outcomes like
macrosomia, the small sample size is a limitation of the whole RADIEL trial (Studies I–
III), not allowing detection of differences between the intervention groups. For
example, to reach adequate power to detect a significant 30% relative reduction in
the rate of LGA, the LIMIT trial –– the only combined intervention trial with LGA as
the primary outcome –– required at least 2180 participants (Dodd et al. 2014c).
The sample size and the fact that not all participants attended the OGTT during
the first half of pregnancy additionally limited the possibility for a more detailed
exploration of the early GDM subgroup in Studies I and II, when it comes to
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the impact of the intervention on secondary outcomes. Moreover, the limited size of
the study populations prevents further analyses of the GDM incidence between
intervention and control groups within further participant subgroups of interest:
primiparous or multiparous obese women without a history of GDM, non-obese
women with prior GDM, and obese women with prior GDM.
The available measuring methods of dietary and physical activity parameters were
crude, limiting the assessment of the changes in lifestyle. The return rates of food and
physical activity diaries were low, and the trial lacked both dietary and physical activity
diary data concerning the second trimester (in other words, just prior to the late-secondtrimester OGTT).
The lifestyle data collected at every trimester were food frequency questionnaires
and physical activity as minutes of LTPA per week. While providing information on
how well the diet follows the Nordic Nutrition Guidelines when it comes to food
intake, the HFII based on the food frequency questionnaires does not include
information on, for example, the total energy intake (Meinilä 2017). Further, as
the HFII was not designed for measuring a change in diet, its component may measure
change unequally, and subtle dietary changes may remain undetected (Meinilä 2017).
The physical activity data were also self-reported and not based on objective
measurement (e.g., an accelerometer). According to a review by Evenson and colleagues
(2012), however, different kinds of physical activity questionnaires and logs (i.e., selfreported measurements), continue to be the most common way to assess physical
activity during pregnancy. Some of the limiting factors for the use of objective methods
in large-scale interventions or epidemiological trials in pregnancy are the cost and
the lack of cut-points for specific intensity categories for physical activity during
pregnancy (Evenson et al. 2012). The objective measurements do have their own
additional limitations (such as the inability to measure some activities, including upper
body movements or stationary exercises such as water sports or bicycling).
Furthermore, there is no one accepted gold standard measure for physical activity,
especially during pregnancy (Evenson et al. 2012).
In all studies (I–IV), the generalizability of the findings globally is a limitation since
all the participants are mainly of European ancestry. Another factor limiting
the generalizability, both globally and in Finland, is the possibility that while
the participants in the RADIEL trial (Studies I–III) represent a high-risk population,
they may not represent general high-risk pregnant women, since it is likely that they are
more motivated compared to the general population to change their lifestyle since they
have volunteered to participate in an intervention trial. Participating in a trial can also
act as a mini-intervention, and hence lead to a lack of a true control group representing
the general population. The generalizability of the results is additionally limited by
the lack of a group of non-obese women without prior GDM.
There may also be selection bias between the two trial arms (i.e., the pre-pregnancy
and the early pregnancy trial arms) due to the most effective recruitment methods in
each arm. In Study I, the most effective recruitment method was personal invitation
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letters based on information on prior GDM obtained from hospital registries, while in
Study II (and consequently Study III) it was with the first-trimester screening ultrasound
scan. The different emphasis of methods is reflected in the two trial arms, so that in
Study I the participants more often had prior GDM and in Study II they were more
often obese.
Limitations of Study IV include the lack of data on some well-recognized risk
factors for GDM such as family history of diabetes and GWG, and lifestyle-related
factors including diet and physical activity, as it is an observational register-based cohort
study. It is additionally possible that some women have been misclassified as having
GDM if they have had undiagnosed diabetes before pregnancy.

6.4 FUTURE DIRECTIONS
The definitive answer to the question of whether GDM prevention is possible remains
elusive. It may indeed be impossible or infeasible to try to prevent all GDM cases,
partially since many of the risk factors are non-modifiable, including ethnicity and
genetic susceptibility. On the other hand, due to various underlying mechanisms behind
impaired glucose metabolism, it may be that GDM prevention is only possible in some
subgroups of women (Egan and Simmons 2019). One example arose in Study III,
wherein a subgroup consisting of women with normal OGTT in early pregnancy
exhibited moderate improvements in lifestyle and coincidentally a 36% reduction in
GDM risk.
Also, since GDM itself is a heterogeneous disorder, one prevention method likely
does not serve all (Simmons and van Poppel 2015; Powe et al. 2016). In the future,
interventions should, therefore, take into account the type and degree of impairment in
glucose metabolism in the study population and assess different interventions in settings
of varying levels of maternal insulin resistance and insulin secretory capacity (Simmons
and van Poppel 2015).
According to one of the recent meta-analyses, critical aspects for improving
the preventive effect of interventions are: targeting a high-risk population, an early
initiation of the intervention, correct intensity and frequency of physical activity, and
managing GWG (Guo et al. 2019). Future studies should additionally aim to both
describe the given lifestyle interventions in more detail, as well as to measure
the possible change in participant behavior more specifically with standardized methods
(Shepherd et al. 2017). This would enable both better comparison of different studies
and provide a better understanding of the impact of varying intervention types on
lifestyles and consequently on perinatal and neonatal outcomes.
To be able to assess the effect of a lifestyle intervention during pregnancy on
the incidence of GDM, it seems reasonable that glucose tolerance should be assessed
before or at study inclusion. Again, Study III provides an example of this.
The lack of evidence regarding cut-offs for early pregnancy hyperglycemia remains
a problem, however. International guidelines currently agree on applying the same
criteria for diabetes in pregnancy (e.g., type 2 diabetes) as for diabetes in the non-
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pregnant general population (WHO 2013; Hod et al. 2015; ADA 2019a). The guidelines
additionally mostly agree on applying some way of screening for undiagnosed diabetes
during early pregnancy in high-risk women (NICE 2015; Hod et al. 2015; ADA 2019a).
There is ongoing debate, however, on early GDM, its criteria, and whether it exists.
Achieving a global definition and diagnostic criteria, or alternative markers for
diagnosis, for early GDM are therefore priority areas regarding future investigations
(Wexler et al. 2018).
The diagnostic criteria for early GDM are, however, not the only ones still
inconsistent. Numerous individual countries continue to use their national GDM
criteria regardless of the recent statement by FIGO concerning the global
harmonization of the diagnostics of GDM in general (Mahmood 2018; Hod et al. 2018).
There are numerous separate lifestyle interventions initiated during pregnancy that
have already been completed. Therefore, collaborations like the International Weight
Management in Pregnancy Collaborative Group, utilizing IPD from separate studies,
might provide a way for the identification of subgroups of women among whom
interventions have an impact on regarding either incidence of GDM or other related
short- or long-term outcomes (Ruifrok et al. 2014; Dodd et al. 2017; The International
Weight Management in Pregnancy 2017). Such subgroup analyses can also include
assessing the impact of SES on the success of interventions (Ruifrok et al. 2014; Dodd
et al. 2017). Moreover, the field of “omics” (e.g., genomics, proteomics, metabolomics,
and microbiomics) and personalized medicine may in the future provide more
information on the susceptibility of individuals to different kinds of interventions
(Angueira et al. 2015; Grotenfelt et al. 2016; Egan and Simmons 2019).
Shifting the focus from pregnancy to the time before conception, or between
pregnancies, as the time frame for prevention is additionally one future direction of
import. Indeed, there are numerous pre- and interpregnancy trials ongoing or in
the planning stages. Further, life course prevention programs for overweightness and
obesity that also take note of associations between marked socioeconomic gradients and
health should be a priority aim for research prioritization bodies, guideline developers,
and public health policymakers (Dodd et al. 2016).
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7 CONCLUSIONS
I

The moderate intensity lifestyle counseling intervention initiated in preconception
in either obese women or women with prior GDM failed to show any effect on
GDM incidence. Unfortunately, the sample size of the study remained too small to
reliably meet the objective of assessing the impact of the pre-pregnancy
intervention on GDM rate. However, since Study I was the first combined lifestyle
intervention pre-pregnancy trial aiming at GDM prevention, it can, like a pilot or
feasibility study, provide valuable information for implementation of future trials.
These include the importance of considering the difficulties in reaching women in
the preconception period and the limitations that possible subfertility among
the high-risk women may produce.

II The moderate intensity lifestyle counseling intervention initiated during pregnancy,
before 20 weeks of gestation, among high-risk women did not influence the total
incidence of GDM or related perinatal and neonatal outcomes. The rate of early
GDM detected already at the time of the initiation of the lifestyle education was
high, 36%, which may have contributed to the lack of effect of the intervention on
the perinatal and neonatal outcomes.
III The moderate intensity lifestyle counseling intervention initiated during pregnancy
among high-risk women with normal OGTT before 20 weeks of gestation reduced
the risk for GDM by 36% in the intervention group when adjusted for age, BMI,
prior GDM and parity status, and weeks of gestation at testing.
IV The relationship between both maternal pre-pregnancy taxable income and
educational attainment, and the risk of GDM was an inverse one, among
primiparous Finnish women. The inverse association between income and GDM
was most apparent in women with advancing age or higher degree of adiposity.
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