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ABSTRACT

Background.: Dr. Priscilla White, a pioneer in the care of diabetes (DM) in pregnancy,
recognized that the prognosis of pregnancy is not identical in all women with type 1
DM. To improve the prediction of risks, she published in 1949 a classification system
for pregnant women with DM according to the age at onset, the duration of DM and
the presence of diabetic vascular complications. Since then, great advances in diabetes
care and obstetrics have been made, but adverse outcomes remain increased in type 1
DM pregnancies compared with background populations. Pregnancy-related
metabolic and hemodynamic changes superimposed on the diabetic metabolic milieu
and the diabetes-affected vasculature contribute to many of these complications. The
increasing prevalence of obesity in women of reproductive age may result in
additional obstetric challenges.

Aims. To analyze the trends in pre-pregnancy body mass index (BMI), glycemic
control and blood pressure (BP) levels and their relations to obstetric and perinatal
outcomes in women with type 1 DM during 1988-2011. To analyze the association of
White’s class with pregnancy outcomes in contemporary type 1 diabetic parturients
and to evaluate whether White’s classification provides predictive information in
addition to measurement of first trimester glycated hemoglobin (HbA ;) and BP.

Subjects and methods. The obstetric records of a population-based cohort of 1094
consecutive type 1 DM patients with a singleton childbirth during 1988-2011 at
Helsinki University Hospital (HUH) were reviewed. The most recent childbirth of
each woman was included. The patients were categorized based on White’s
classification as follows: 1) class B (n= 208): age at onset >20 years and DM duration
<10 years; 2) class C (n=282): age at onset 10-19 years or DM duration 10-19 years;
3) class D (n=375): age at onset <10 years or DM duration >20 years or background
retinopathy; 4) class R (n=121): diabetic proliferative retinopathy; and 5) class F
(n=108): diabetic nephropathy.

Results. During 1988-2011, the pre-pregnancy BMI increased, with the exception of
women with diabetic nephropathy. The frequencies of BMI 25-29.9 kg/m? and >30
kg/m? increased from 19% and 2%, respectively, in 1988-1991 to 37% and 10% in
2008-2011. Concurrently, pre-pregnancy and late pregnancy glycemic control
deteriorated. Early pregnancy glycemic control remained suboptimal (mean HbA,
>7%) in the total cohort and in patients with diabetic nephropathy it was particularly
poor (median HbA . >8%). The proportion of women who exceeded the American
Diabetes Association’s definition of hypertension during pregnancy (BP >130/80
mmHg) increased in all trimesters of pregnancy and the frequency of preeclampsia
remained high (19-34%). In women with diabetic nephropathy, BP exceeded 130/80
mmHg in >60% of patients in the first trimester and in >90% of patients in the third
trimester throughout the study period and the frequency of preeclampsia was 48%.

In the total cohort, the elective and the total cesarean section (CS) rates decreased
from 58% and 74%, respectively, in 1988-1991 to 27% and 66% in 2008-2011. The
emergency CS rate increased from 16% in 1988-1991 to 39% in 2008-2011.
Deliveries before 37 weeks of gestation increased from 29% in 1988-1991 to 49% in
2008-2011, and deliveries before 32 weeks decreased from 4% in 1988-1991 to 2% in



2008-2011. Of patients with diabetic nephropathy, >70% delivered before 37 weeks
of gestation and >90% delivered by CS throughout the study period.

Among the newborn infants, the frequency of fetal macrosomia remained high (27-
39%). The frequencies of umbilical artery pH <7.15 and <7.05 increased from 4% and
1%, respectively, in 1988-1991 to 18% and 4% in 2008-2011. The frequency of
neonatal hypoglycemia decreased from 66% in 1988-1991 to 55% in 2008-2011.
Neonatal intensive care unit (NICU) admissions persisted above 15%. The perinatal
mortality rate was 1.8% in the total cohort and 3.4% in diabetic nephropathy patients.

In multiple regression analyses exploring risk factors of adverse outcomes, poor
glycemic control in early and late pregnancy was associated with delivery before 37
weeks of gestation, fetal macrosomia, and NICU admission. Poor glycemic control in
late pregnancy was also associated with fetal acidemia at birth and neonatal
hypoglycemia. Early pregnancy BP >130/80 mmHg was associated with delivery
before 37 weeks, small-for-gestational age infant, NICU admission, and decreased
risk of fetal macrosomia. Maternal overweight predicted fetal macrosomia. White’s
classes B to F predicted preeclampsia, independently of suboptimal glycemic control
(HbA . >7%) and hypertension (BP >140/90 mmHg) in early pregnancy, with odds
ratios increasing stepwise from class B to F. White’s classes R and F were associated
with delivery before 37 weeks. Class F also predicted NICU admission and reduced
risk of fetal macrosomia. White’s class did not predict other perinatal outcomes.

Conclusions. Pre-pregnancy BMI has increased, glycemic control before pregnancy
and during the second half of pregnancy has deteriorated, and BP levels during
pregnancy have increased in type 1 diabetic parturients. The frequencies of most
adverse obstetric and perinatal outcomes have either persisted at high levels or
increased. The results call for an intensified therapeutic approach in type 1 DM
women, both before and during pregnancy. White’s classification is useful in
estimating the risk of preeclampsia but its contemporary utility in predicting other
pregnancy outcomes of women with type 1 DM appears limited when information on
first trimester HbA ., BP and diabetic microvascular complications is available.
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1 INTRODUCTION

Adverse outcomes remain increased in pregnancies of women with type 1 diabetes
(DM) compared with the general population (Boulot et al. 2003; CEMACH 2005;
Evers 2004; Hawthorne et al. 1997; Jensen et al. 2004; Lapolla et al. 2008b;
Macintosh 2006; Murphy et al. 2011; Penney et al. 2003a; Persson et al. 2009;
Teramo 2010; Verheijen et al. 2005; Vairdsmaiki et al. 2000). During pregnancy, type
1 diabetic women are at an increased risk of acute DM complications, such as severe
hypoglycemia, progression of diabetic long-term complications and hypertensive
disorders of pregnancy (Colatrella et al. 2010; Hawthorne 2011; Kaaja 2011). Typical
perinatal complications include congenital malformations, abnormal fetal growth,
chronic fetal hypoxia, preterm birth, shoulder dystocia, and perinatal death (Boulot et
al. 2003; CEMACH 2005; Evers 2004; Hawthorne et al. 1997; Jensen et al. 2004;
Lapolla et al. 2008b; Macintosh 2006; Penney et al. 2003a; Persson et al. 2009;
Secher et al. 2015; Teramo et al. 2004a; Vadrdasmaki et al. 2000; Verheijen et al.
2005). Pregnancy-related metabolic and hemodynamic changes superimposed on the
diabetic metabolic milieu and the diabetes-affected vasculature contribute to many of
these complications. Glycemic control and BP levels during pregnancy as well as
underlying diabetic complications are important determinants of pregnancy outcomes
in type 1 DM (Kitzmiller et al. 2008).

Obesity and the associated insulin resistance, dyslipidemia and other metabolic
disturbances may complicate the achievement of good glycemic control and
normotension in diabetic pregnancies (Catalano 2010; Jarvie et al. 2010). Poor
glycemic control as well as high BMI are risk factors of preeclampsia as well as other
adverse pregnancy outcomes such as malformations, fetal macrosomia and CS
deliveries in women with pre-gestational DM (Holmes et al. 2011; Persson et al.
2012). Little evidence exists regarding the possible impacts of the ongoing obesity
pandemic on the trends in glycemic control, BP levels as well as obstetric and
perinatal outcomes in type 1 DM pregnancies.

Diabetic nephropathy, caused by long-term deleterious effects of chronic
hyperglycemia and related abnormal metabolism on the renal glomeruli, is associated
with a particularly high risk of hypertensive disorders of pregnancy, preterm birth,
intrauterine growth restriction (IUGR) and perinatal mortality (Biesenbach et al.
2000; Damm et al. 2013; Dunne et al. 1999; Gordon et al. 1996a; Kitzmiller et al.
1981; Reece et al. 1988). Its prognosis has improved with modern care (Marshall
2012), but recent large reports analyzing temporal changes in the glycemic control,
BP levels, markers of renal function as well as obstetric and perinatal outcomes of
women with diabetic nephropathy are lacking.

An American pioneer in the care of diabetic pregnant women, Dr. Priscilla White,
recognized that considerable variation exists in the prognosis of pregnancies among
type 1 DM patients. In 1949, she introduced a classification system for pregnant
women with DM according to the age at onset, duration of DM and the presence of
diabetic vascular complications (White 1949, White 1965, Hare and White 1977).
Recently, the usefulness of this classification has been questioned based on studies
involving mainly women with type 2 and gestational DM and low numbers of women
with severe diabetic vascular complications (Cormier et al. 2010; Cormier et al. 2009;
Sacks and Metzger 2013). The American Diabetes Association (ADA) has proposed
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that type 1 and type 2 DM pregnant women should be classified simply as “without
vascular complications” or “with vascular complications” (ADA 2010). The original
cohort of White included predominantly women with type 1 DM, many of whom
were diagnosed with DM in their childhood or teenage years and had a long disease
duration (White 1949). There is a paucity of recent studies examining the relevance
of White’s classification in type 1 DM pregnancies with or without vascular
complications.

Active monitoring and evaluation of the quality of care, including reviews of hospital
records, are needed to plan and target interventions aiming to improve outcomes in
diabetic pregnancies. In the present study, recent trends in pre-gestational BMI,
glycemic control and BP levels during pregnancy, as well as obstetric and perinatal
outcomes and risk factors, were investigated in a large population-based cohort of
Finnish type 1 DM women with and without vascular complications. In addition, the
current utility of White’s classification in the prediction of adverse obstetric and
perinatal outcomes in type 1 DM pregnancies was assessed.
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2 REVIEW OF THE LITERATURE

2.1 Type 1 diabetes

2.1.1 Etiology and pathogenesis

Type 1 DM is a chronic, progressive disease in which autoimmune antibodies
selectively destroy the pancreatic B-cells leading to lack of insulin secretion and
hyperglycemia (Pugliese 2013). Its precise etiology and pathogenesis are still
unknown, but both underlying genetic susceptibility and environmental triggers, such
as infectious or nutritional agents or factors affecting the gut microbiome, are likely
required to initiate the disease (Knip and Simell 2012). The asymptomatic preclinical
period from the first appearance of DM-associated autoantibodies in the blood to
overt type 1 DM is heterogenous, ranging from months to decades (Knip and Simell
2012; Kulmala 2003). The incidence of type 1 DM peaks in adolescence (Simell et al.
2010), but marked individual variation exists in the disease progression and tendency
to develop specific long-term complications, reflecting the multifactorial pathogenesis
(Pugliese 2013; Tuomilehto 2013).

2.1.2 Prognosis

Since insulin was discovered in 1921, significant advances have been made in the
management of type 1 DM, including the development of glycated hemoglobin
(HbA ;) measurement, devices for the self-monitoring of blood glucose (SMBG) and
insulin delivery, as well as insulin analogues enabling the imitation of normal insulin
secretion. Despite these advances, less than half of insulin-treated DM patients
achieve the recommended level of glycemic control <7% (<53 mmol/mol) (Stark
Casagrande et al. 2013). Mortality remains elevated in type 1 DM patients compared
with non-diabetic individuals (Harjutsalo et al. 2011; Jorgensen et al. 2013), diabetic
nephropathy and cardiovascular diseases accounting for much of this excess mortality
(Jargensen et al. 2013; Livingstone et al. 2015). Compared with men with type 1 DM,
type 1 diabetic women have a 40% higher excess risk of death from any cause, and a
doubly elevated risk of fatal cardio- or cerebrovascular events (Huxley et al. 2015).
Recent observations suggest that survival of Finnish patients with DM onset before 15
years of age has improved and deaths due to chronic DM complications have reduced
since the 1980’s, but the survival of those with later disease onset has deteriorated and
lethal acute complications have increased (Harjutsalo et al. 2011). Social
disadvantage, e.g. long-term unemployment, low income as well as alcohol-, drug and
mental health related issues, is associated with excess mortality in Finnish type 1 DM
(Forssas et al. 2010; Forssas et al. 2012; Harjutsalo et al. 2011).

2.1.3 Prevalence in Finnish parturients

Annually approximately 350 Finnish women with type 1 DM give birth, which is
approximately 0.6% of all Finnish childbirths (Vaarasméki et al. 2012; Vuori and
Gissler 2013). The incidence of type | DM in Finnish children is among the highest in
the world and has been constantly increasing until recent times (Harjutsalo et al. 2008;
Harjutsalo et al. 2013). In 2008, it was estimated that the number of new cases
diagnosed before the age of 15 will double in the following 15 years and the incidence
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will increase in particular in the age group of children under five years (Harjutsalo et
al. 2008). Similar increasing incidences of type 1 DM have been recorded worldwide
(Onkamo et al. 1999; Patterson et al. 2012) and various environmental factors have
been suspected to contribute to these trends (Tuomilehto 2013). The most recent
Finnish and Swedish reports suggest that after a period of steep increase, the
incidence of type 1 DM among children under 15 might be plateauing (Berhan et al.
2011; Harjutsalo et al. 2013), although this could also be due to year-to-year random
variations in the incidence (Tuomilehto 2013). Nevertheless, it can be expected that,
in the next decades, a growing number of women at reproductive age have long-
standing type 1 DM and are predisposed to the obstetric and perinatal complications
associated with maternal hyperglycemia and chronic complications of DM.

2.2 Micro- and macrovascular complications in type 1 diabetes

2.2.1 Mechanisms of diabetic vascular damage

Chronic hyperglycemia and associated metabolic disturbances that characterize type 1
DM have detrimental effects on the human vasculature (Nathan 1993; Paneni et al.
2013). The mechanisms by which micro- and macrovascular damage occurs are not
completely known, but at least endothelial dysfunction, inflammation and oxidative
stress due to hyperglycemia are implicated (Giacco and Brownlee 2010). Other risk
factors include hypertension, dyslipidemia and genetic susceptibility (Paneni et al.
2013). As a result of hyperglycemia, intracellular concentrations of glucose
metabolites in endothelial cells are elevated leading to mitochondrial dysfunction,
increased oxidative stress, activation of various cellular pathways associated with
diabetic complications (e.g. the polyol pathway, advanced glycosylation end product
formation, inhibition of endothelial vasodilatators and antiatherosclerotic enzymes
(Brownlee 2005; Giacco and Brownlee 2010; Rask-Madsen and King 2007). In
addition to chronic hyperglycemia, acute hyperglycemic episodes, epigenetic
mechanisms and biomechanical forces such as disturbed blood flow, and hypertension
may contribute to endothelial dysfunction and diabetic vascular complications
(Ceriello et al. 2009; Gordin et al. 2007; Reddy and Natarajan 2011). In line with the
progressive nature of the disease, the likelihood of clinically manifest complications
increases with DM duration as vascular damage accumulates.

2.2.2 Categories of diabetic vascular complications

The chronic vascular complications of type 1 DM can be grouped into microvascular
diseases, such as diabetic retinopathy, diabetic kidney disease, and diabetic
neuropathy, as well as macrovascular diseases, such as coronary heart disease,
peripheral arterial disease and cerebrovascular complications. In addition, the
occurrence of chronic hypertension is approximately doubled in DM compared to the
general population (Epstein and Sowers 1992). Hypertension in DM results from a
multitude of different pathogenetic mechanisms, e.g. renin-angiotensin-aldosterone
and sympathetic nervous system activation, excess sodium retention, oxidative stress
and endothelial dysfunction (Van Buren and Toto 2011). It accelerates the progression
of all diabetic vascular complications (Epstein and Sowers 1992).
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Aiming for normoglycemia is of fundamental importance in attempts to prevent or
delay the progression of all diabetic micro- and macrovascular complications. A large
landmark study, Diabetes Control and Complications Trial (DCCT), and its 20-year
follow-up study, Epidemiology of Diabetes Interventions and Complications (EDIC),
demonstrated that achievement of good glycemic control by intensive insulin
treatment early in the course of DM provides long-lasting protection against the
development or progression of retinopathy, nephropathy and neuropathy (DCCT
Research Group 1993, DCCT/EDIC Research Group 2014; Lachin et al. 2008; Martin
et al. 2006; Writing team for the DCCT/EDIC Research Group 2002) as well as
macrovascular disease (Nathan et al. 2005).

Good management of all cardiovascular risk factors is also important in the primary
and secondary prevention of diabetic long-term complications. A cornerstone of
treatment is stringent BP control (Chobanian et al. 2003; Task Force on diabetes, pre-
diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) et
al. 2014). The ADA recommends a BP level <130/80 mmHg (ADA 2011) and the
Finnish Current Care Guidelines <140/80 mmHg (Diabetes: Current Care Guideline
2013) for individuals with type 1 DM. Treatment of lipids to target levels is also
recommended (Collins et al. 2006; ESC et al. 2014). In addition to pharmacologic
therapies, a healthy diet and a physically active lifestyle should be encouraged (Buse
et al. 2006; Chimen et al. 2011; ESC et al. 2014). Physical activity may aid in the
prevention and control of obesity and other features of the metabolic syndrome, which
has been associated with micro- and macrovascular complications in type 1 DM
(Metascreen Writing Committee 2006; Price et al. 2014; Thorn et al. 2009).

2.2.2.1 Diabetic retinopathy

Diabetic retinal damage can be divided into pre-proliferative retinopathy (i.e.
background retinopathy) and proliferative retinopathy. Microaneurysms, exudative
changes and hemorrhages, ischemic changes, and intraretinal microvascular
abnormalities are typical findings in background retinopathy (Mohamed et al. 2007,
2012). Background retinopathy may regress with intensive treatment (Klein et al.
2008) or, with worsening retinal ischemia, progress towards proliferative retinopathy
characterized by abnormal formation of new blood vessels on the optic disk and the
surface of the retina, fibroblast proliferation, and vitreous hemorrhage (Antonetti et al.
2012). Diabetic macular edema may be diagnosed at non-proliferative or proliferative
stages of diabetic retinopathy (Mohamed et al. 2007).

Diabetic retinopathy is among the most prevalent diabetic long-term complications.
Almost all type 1 DM patients with DM diagnosis before age 30 are affected by it to
some degree after 20 years’ DM duration (Diabetic retinopathy: Current Care
Guideline 2014; Klein et al. 2008). Risk factors include poor glycemic control and
HbA . variability, hypertension, dyslipidemia, albuminuria and long DM duration
(Kilpatrick et al. 2008; Klein et al. 2008; Lyons et al. 2004; Porta et al. 2001). The
incidence of proliferative retinopathy seems to be decreasing, but it is still diagnosed
in over 20% of type 1 DM patients after 25 years’ DM duration (Nordwall et al. 2004)
and prevails as the most common cause of blindness in working-age adults (Ciulla et
al. 2003).

The most important treatment of proliferative diabetic retinopathy is focal or pan-
retinal laser photocoagulation (Mohamed et al. 2007), which may also be performed
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during pregnancy if needed. Since permanent loss of eye sight can be prevented or
delayed with prompt treatment, regular monitoring with biomicroscopy and fundal
photographs is essential in type 1 DM patients from age 10 forward (Diabetic
retinopathy: Current Care Guideline 2014).

2.2.2.2 Diabetic kidney disease

Diabetic kidney disease develops progressively, with gradually increasing
albuminuria, hypertension and declining glomerular filtration rate (GFR), at worst
leading to end-stage renal disease and need for dialysis and kidney transplantation.
Microalbuminuria, defined as total urinary albumin excretion of 30-299 mg/24h, or
nocturnal albuminuria of 20-199ug/min, or albumin/creatinine ratio of 2.5-25
mg/mmol (men) or 3.5-35 mg/mmol (women), in a spot urine sample is the first
functional sign of diabetic kidney disease (ADA 2004a; Metsdrinne et al. 2007). Total
urinary albumin excretion of >300mg/24 hours, or nocturnal albuminuria
>200ug/min, or albumin/creatinine ratio of >25 mg/mmol (men) or >35 mg/mmol
(women), are classified as macroalbuminuria (ADA 2004a; Metsédrinne et al. 2007).
Histologic findings such as increased glomerular membrane thickness, mesangial cell
expansion, nodular sclerosis  (Kimmelstiel-Wilson lesions) and global
glomerulosclerosis denote diabetic nephropathy and are verified by kidney biopsy
(Tervaert et al. 2010). In type 2 DM, also more heterogenous, atypical patterns of
renal lesions and disease progression may be seen (Nosadini et al. 2000; Tervaert et
al. 2010). However, in the present study involving type 1 DM patients exclusively, the
term diabetic nephropathy will be used to describe the progressive kidney disease of
type 1 DM patients, characterized by macroalbuminuria in the absence of non-diabetic
renal diseases based on clinical assessment or kidney biopsy.

European studies have reported 8-19% cumulative incidences of diabetic nephropathy
in patients with DM duration exceeding 15-29 years, with the lowest proportions
observed in the most recent cohorts (Bojestieg et al. 1994, Dahlquist et al. 2001,
Harvey et al. 2001; Hovind et al. 2003; Nordwall et al. 2004). Persistent
microalbuminuria has been reported to affect 6-20% of patients with DM duration of
10-31 years (Bojestieg et al. 1994; Dahlqvist et al. 2001; Harvey et al. 2001; Nordwall
et al. 2004). The incidence of diabetic nephropathy increases in type 1 DM patients
progressively up to 20 years after DM diagnosis, after which it declines suggesting
individual differences in susceptibility to diabetes-induced kidney damage (Harjutsalo
et al. 2004). Poor glycemic control, hypertension, smoking, male sex, and certain
genetic factors are associated with increased risk (Rossing et al. 2002b; Scott et al.
2001). Besides indicating nephropathy, micro- and macroalbuminuria signify a
markedly increased risk of cardiovascular diseases (Cirillo 2008). Mortality in type 1
DM patients with diabetic nephropathy is increased significantly, both due to end-
stage renal disease and cardiovascular events (Harjutsalo et al. 2011).

In addition to optimizing glycemic control, strict treatment of hypertension is crucial
to slow the progression of diabetic kidney disease. The currently recommended target
BP for diabetic patients with either micro- or macroalbuminuria is <130/80 mmHg
(Wheeler and Becker 2013). Drugs inhibiting the renin-angiotensin aldosterone
system are particularly important in diabetic kidney disease and decrease the risk of
its progression even in normotensive patients (Mathiesen 1999; Gross et al. 2005).
Smoking cessation is essential (Scott et al. 2001).
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2.2.2.3 Diabetic neuropathy

The pathogenesis and clinical manifestations of diabetic neuropathy are multifaceted
(Albers and Pop-Busui 2014). Many of the complex pathological mechanisms
affecting neuronal functions resemble those implicated in diabetic microvascular
complications (Albers and Pop-Busui 2014). According to current views, in addition
to hyperglycemia, various components of the metabolic syndrome, e.g. insulin
resistance and dyslipidemia, contribute to the development of diabetic neuropathy, in
particular in type 2 DM (Callaghan et al. 2012b; Tesfaye et al. 2005). Apparently both
neuronal metabolic abnormalities and ischemia are involved. Typical diabetic
polyneuropathy is chronic, symmetrical, length-dependent, primarily sensorimotor
polyneuropathy, which starts in the feet and progresses proximally (Callaghan et al.
2012b; Tesfaye et al. 2010). It is associated with a significant burden of morbidity
and disabilities, such as chronic pain, numbness, susceptibility to limb fractures,
ulcerations and amputations (Callaghan et al. 2012b; Vincent et al. 2011). Autonomic
diabetic neuropathy may be clinical or subclinical, and may manifest as impaired
function of various organ systems, e.g. cardiovascular, gastrointestinal, genitourinary,
sudomotor or ocular.

Diabetic neuropathy in its various forms may affect over half of type 1 DM patients
aged 30 or over (Maser et al. 1989). Diabetic autonomic neuropathy affects
approximately 40% of patients with type 1 DM (Freccero et al. 2004; Low et al.
2004). Apart from aiming at overall good DM management, including glycemic,
hypertension and lipid control and avoidance of smoking, no specific treatment
against diabetic polyneuropathies exist (Callaghan et al. 2012a). Anticonvulsants and
antidepressants may be utilized to alleviate neuropathic pain (Callaghan et al. 2012b).

2.2.2.4 Macrovascular complications

Several aspects of diabetic metabolism promote or accelerate the development of
atherosclerosis (Libby 2005; Paneni et al. 2013). Furthermore, DM seems to reduce
the protective effects of female sex against cardiovascular diseases, resulting in excess
cardiovascular morbidity and mortality in diabetic women (Recarti et al. 2015).
Endothelial dysfunction and early atherosclerotic changes can be seen already in
children and adolescents with type 1 DM (Heilman et al. 2009; Jarvisalo 2004).
Because of the atherosclerosis-promoting effects of DM, careful control of all
cardiovascular risk factors, such as hypertension, dyslipidemia and overweight, and
the avoidance of smoking, are important in DM (ESC et al. 2014).

2.2.3 Diabetic vascular complications in pregnant women with type 1 diabetes

Retinopathy. In European multicenter or population-based studies, reported
frequencies of diabetic retinopathy among parturients with type 1 DM range between
20-35% (Bell et al. 2012; Boulot et al. 2003; Hiilesmaa et al. 2000; Lapolla et al.
2008a). Diabetic retinopathy is associated with an increased risk of preeclampsia, pre-
term delivery, SGA infant, and CS delivery (Haeri et al. 2008; Hiilesmaa et al. 2000).

Diabetic kidney disease. Overt diabetic nephropathy affects 2.5-5% of type 1 diabetic
pregnancies (Bell et al. 2012; Damm et al. 2013; Landon 2007). Less data is available
regarding the prevalence of microalbuminuria in pregnancy, but small Danish cohorts
have reported prevalences of 4.5-11% (Damm et al. 2013; Ekbom et al. 2001).
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Diabetic kidney disease is linked to high risks of maternal and fetal complications
associated with maternal impaired kidney function, hypertension and endothelial
dysfunction, e.g. maternal nephrotic-level proteinuria, preeclampsia and fetal growth
restriction (Biesenbach et al. 2000; Carr et al. 2006; Damm et al. 2013; Ekbom et al.
2001; Glinianaia et al. 2012b; Kimmerle et al. 1995).

Neuropathy. Reports on the prevalence of peripheral or autonomic neuropathy in
pregnant women with type 1 DM are scarce. A British population-based register study
showed a 2.1% prevalence of diabetic neuropathy in parturients with type 1 DM (Bell
et al. 2012). Pregnancy symptoms, such as nausea, vomiting and constipation, may be
similar to those of gastrointestinal autonomic neuropathy and complicate its diagnosis
during pregnancy (Kitzmiller et al. 2008). Since the autonomic nervous system is
involved in maternal circulatory adaptation to pregnancy, autonomic neuropathy may
result in poor tolerance of pregnancy-related hemodynamic changes (Airaksinen et al.
1986; Hagay and Weissman 1996). Severe hypoglycemia tendency and impaired
physiological responses to hypoglycemia may also follow (Kitzmiller et al. 2008).
Diabetic gastroparesis may be exacerbated during pregnancy and lead to severe
maternal morbidity (pulmonary edema, aspiration pneumonia, severe malnutrition,
septic infections, deep vein thrombosis, burst abdomen, constant vomiting) and fetal
complications (growth restriction, preterm birth, fetal death) and overall poor
prognosis of pregnancy (Hagay and Weissman 1996).

Macrovascular complications. Data on macrovascular complications in type 1 DM
pregnancies are limited (Gordon et al. 1996b). In population-based studies in the
United States, maternal DM has been shown to be a significant risk factor of stroke
(James et al. 2005) and acute myocardial infarction in pregnancy (James et al. 2006).
Coronary heart disease has been reported to affect 1/350 of DM pregnancies
(Leguizamon et al. 2015). Type 1 DM women aged >35 years, or aged >25 years with
DM duration >15 years, with retinopathy or nephropathy, with signs or symptoms of
peripheral arterial disease, or with risk factors for coronary heart disease, are
considered to be at an increased risk for underlying cardiovascular diseases (ADA
2004b; Gordon et al. 1996b). This should be borne in mind when examining women
planning pregnancy or in early pregnancy (Kitzmiller et al. 2008). Pregnancy-
associated hemodynamic and metabolic alterations may result in increased strain and
oxygen consumption of the myocardium, poor cardiovascular tolerance of pregnancy,
myocardial infarction, and even maternal or perinatal death (Gordon et al. 1996b).
Data on diabetic cardiomyopathy and peripheral arterial disease prevalence in diabetic
pregnant women are lacking.

2.3 Type 1 diabetes in pregnancy

2.3.1 Historical perspectives

Before the invention of insulin treatment in 1922, the death of both the mother and the
fetus was the usual outcome among the few diabetic women who were able to
conceive (Jorgensen 1977). At the Elliot Joslin’s diabetes clinic in Boston, fetal
mortality was 40% and maternal mortality 66% in 108 parturients during 1898-1917
(Hare and White 1977), possibly in women with milder forms of DM. An American
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internist, Dr. Priscilla White, was among the first to initiate research and develop
clinical care of DM in pregnancy. In 1924, she started working at the Joslin clinic,
closely monitoring large numbers of diabetic children, adolescents and pregnant
women for decades. She recognized that the best outcomes are achieved by striving
for as good a glycemic control as possible during pregnancy with frequent
administration of small doses of insulin to minimize hypoglycemic events (Dunn
2004). She emphasized the pivotal role of careful supervision of the diabetic
parturient by an internist and an obstetrician in cooperation (Dunn 2004). She also
promoted basic research, e.g. concerning pancreatic 3 cell transplantation, as well as
called attention to the psychosocial aspects of DM (Dunn 2004). Among her
important observations was that the prognosis of pregnancy in all diabetic women is
not the same. To improve the prediction of diabetic pregnancy complications, she
published a classification system based on the prepregnancy characteristics of the
mother: age at DM diagnosis, DM duration and the presence of diabetic vascular
complications (White 1949). Several versions of this classification have been
published (White 1965; Hare and White 1977; White and Hare 1980).

Although the invention of insulin treatment improved the survival of pregnant women
with type 1 DM and their possibilities to become pregnant, perinatal mortality related
to maternal DM remained high for decades (Pedersen 1977, Hare and White 1977). A
Swedish physician, Lars Hagbard. showed in 1956, before modern fetal surveillance
methods were available, that the risk of fetal death increased linearly from
approximately 5% at 32 weeks of gestation up to 20% at term (Hagbard 1956). At the
time, preterm infants were at very high risk of death, with above 60% neonatal death
rate among those born before 32 weeks (Hagbard 1956). After 36 weeks, stillbirths
were observed to exceed neonatal deaths, which led to a clinical policy of inducing
labor around 37 weeks of gestation in pregestational DM pregnancies (Pedersen
1977). Since the available methods of predicting stillbirths in DM pregnancies
continue to be limited, this practice prevails in modern obstetrics.

Another pioneer in the field of DM in pregnancy was a Danish professor in internal
medicine, Jorgen Pedersen, who opened the Copenhagen center for Pregnant Women
in Diabetes in 1946. In the 1960’s, he formulated a hypothesis stating that fetal
overgrowth in DM pregnancies is due increased transplacental transfer of glucose,
causing hypertrophy of fetal pancreatic B cells and insulin hypersecretion, leading to
greater fetal utilization of glucose (Pedersen 1977). Similarly to White, Pedersen
underlined the importance of multidisciplinary cooperation and centralization in the
care of diabetic parturients (Pedersen 1977). During 1946-1972, perinatal mortality
fell at his Copenhagen clinic from 22% to 7% (Pedersen et al. 1974).

2.3.2 Management of type 1 diabetes before and during pregnancy

The pregnancy of a woman with type 1 DM should be well planned in order to
optimize outcomes. During pregnancy, active glycemic and BP management is
crucial, as well as monitoring of the status of possible diabetic complications, with
prompt adaptation to the changing metabolic and physiological conditions of
pregnancy (Kitzmiller et al. 2008; Ringholm et al. 2012a). In addition to medical care,
an individualized healthy food plan and adequate carbohydrate counting skills are
important, and nutritional therapy should be provided if needed (Kitzmiller et al.
2008; McCance 2011; Ringholm 2012a). At least half an hour of moderate intensity

18



physical activity with no risk of trauma on most days of the week is recommended for
diabetic women without complications (Kitzmiller et al. 2008).

2.3.2.1 Pre-pregnancy care

Observational studies have demonstrated that attendance in pre-pregnancy care is
associated with lower early pregnancy HbA;. values and reduced frequencies of
congenital malformations in type 1 diabetic pregnancies (Evers et al. 2004; Fuhrmann
et al. 1983; Leguizamon et al. 2007; Ray et al. 2001; Steel et al. 1990). Pre-pregnancy
counseling to all women of reproductive age should be included in routine DM
control visits in primary or specialist clinics (McCance 2011; Varughese et al. 2007,
Vairdsmaiki et al. 2012). If pregnancy is not wished, reliable contraception should be
ensured (Ringholm et al. 2012a). Unfortunately, only 30-50% of pregnancies in type 1
DM patients are planned (CEMACH 2005; Holing et al. 1998; Murphy et al. 2011).

As part of pre-pregnancy care, an obstetrician and/or an internist should collect
information regarding age at DM diagnosis, DM duration, glycemic and BP control,
possible long-term complications, associated conditions such as thyroid disorders and
celiac disease, smoking, medications and reproductive history (Kitzmiller et al. 2008;
McCance 2011; Ringholm et al. 2012a). Medications with teratogenic potential (e.g.
statins, renin-angiotensin-adolosterone system inhibitors) should be discontinued and
replaced with drugs which are safe in pregnancy (Ringholm et al. 2012a; 2014).
Screening for possible complications of DM and associated disorders is essential
(ACOG 2005). A retinal examination should be done if one has not been performed
within the last 6-12 months (Vairdsmaiki et al. 2012). Possible proteinuria should be
screened for and/or quantified and renal function assessed (Kitzmiller et al. 2008).
Simple clinical tests to screen for peripheral neuropathy should be performed (Gabbe
and Graves 2003; Kitzmiller et al. 2008). Electro- and echocardiogram and other
cardiovascular investigations may also be indicated in selected cases with symptoms
of macrovascular disease, hypertension or albuminuria (Kitzmiller et al. 2008).

Table 1 shows the pre-pregnancy HbA;, and SMBG targets recommended by the
International Diabetes Federation as well as expert organizations in Australia, Great
Britain, Canada, Finland and the United States. Achievement of near-normoglycemia
already before pregnancy is important because diabetes-related malformations
commonly develop before the seventh week of gestation (Mills et al. 1979). This is
particularly crucial in patients with diabetic retinopathy, since rapid improvements in
glycemic control during pregnancy may cause progression of retinal changes
(Kitzmiller et al. 2008; Laatikainen et al. 1987). However, glycemic targets should be
individually tailored. Even slight improvements in HbA | levels decrease the risk of
congenital malformations (Inkster et al. 2006; Suhonen et al. 2000). In addition to
good glycemic control, folic acid supplementation is important to prevent neural tube
defects, which are increased in DM pregnancies. Folic acid may also have other
antiteratogenic effects due to its antioxidant functions (Eriksson 2009).

A woman with type 1 DM planning pregnancy should be educated about the specific
prognosis and risks associated with her pregnancy (McCance 2011). However,
unnecessary discouragement or negative attitude towards pregnancy hopes should be
avoided (Holing et al. 1998). In case of poor glycemic control or DM complications
that require treatment before pregnancy, contraception should preferably be continued
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Table 1. Targets for glycemic control in the pre-pregnancy period and during pregnancy as recommended by international and national

guidelines.
Organization Pre-pregnancy targets Pregnancy targets
NICE, UK* HbA . <7.5 % (<58 mmol/mol) HbA . <6.5 % (<47.5 mmol/mol)
Pre-prandial blood glucose 4-7 mmol/l Fasting blood glucose <5.3 mmol/l
Post-prandial blood glucose <9 mmol/l 1 hour postprandial blood glucose <7.8 mmol/l
2 hours postprandial blood glucose <6.4 mmol/l
Canadian HbA . <7 % (<53 mmol/mol) or “as close to normal Fasting blood glucose <5.3 mmol/l
Diabetes as can safely be achieved” 1 hour postprandial blood glucose <7.5 mol/l
Association” 2 hour postprandial blood glucose <6.7 mmol/l.

Finnish Diabetes HbA . <7 % (<53 mmol/mol)
Association®

HbA,. 7-7,5 % (53-58 mmol/mol)
(Early pregnancy recommendation <7%, “but the risk of
hypoglycemia needs to taken into account™)

International HbA ;. <7 % (<53 mmol/mol) HbA |, <6% (< 42 mmol/mol) or lower if safe and acceptable.
Diabetes Fasting blood glucose <5.5 mmol/l Action points for treatment adjustment:
Federation® Postprandial blood glucose <8.0 mmol/l Fasting glucose = 5.5 mmol/l

1 hour postprandial blood glucose =8.0 mmol/l

2 hour postprandial blood glucose 27.0 mmol/Il
American HbA . <7% (<53 mmol/mol) HbA . < 6.0% (<42 mmol/mol)
Diabetes Fasting blood glucose 3.4-5.5 mmol/l
Association’ Postprandial blood glucose 5.5-7.1 mmol/l
Australasian HbA . < 7% (< 53 mmol/mol) or “as close as HbA . “within the normal range”
Diabetes in possible to the reference range” Fasting and preprandial blood glucose 4.0-5.5 mmol/l
Pregnancy 1 hour postprandial blood glucose <8.0 mmol/l
Society" 2 hour postprandial blood glucose <7 mmol/l

“National Collaborating Centre for Women's and Children's Health 2015

°Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee 2013
‘Viadrasmaki et al. 2012

International Diabetes Federation Clinical Guidelines Task Force 2009

O.W:NBEQ et al. 2008
"McElduff et al. 2005



until improved status has been achieved (National Collaborating Centre for Women's
and Children's Health 2015; Suhonen et al. 2000). In case of advanced renal
insufficiency, coronary heart disease or severe autonomic neuropathy, a nephrologist,
cardiologist or other specialists should be consulted before pregnancy is attempted
(Gordon et al. 1996b; McElduff et al. 2005; National Collaborating Centre for
Women's and Children's Health 2015).

2.3.2.2 Pregnancy care

A pregnant woman with type 1 DM should be referred for antenatal follow-up to a
hospital providing specialist pregnancy and childbirth care for women with
pregestational DM. Provision of patient-centered care by multidisciplinary DM teams
may be beneficial in optimizing treatment compliance and success in the management
of type 1 DM before and during pregnancy (Funnell et al. 2011; Ilanne-Parikka 2015;
Kitzmiller et al. 2008). These teams may ideally involve, in addition to obstetricians
and internists, e.g. DM nurses, registered dieticians and specialists of self-
management education and psychosocial strategies (Funnell et al. 2011; Ilanne-
Parikka 2015; Kitzmiller et al. 2008).

2.3.2.2.1 Glycemic control

In healthy non-diabetic women, maternal glucose metabolism adapts progressively to
optimize the flow of nutrients to the fetus (Butte 2000). The mechanisms of this
adaptation are not fully known, but a complex interplay of hormones, cytokines and
growth factors is likely involved (Butte 2000; Kirwan et al. 2002). The first trimester
is characterized by the development of increased insulin response to glucose,
increased glycogen storage as well as normal or slightly improved insulin sensitivity
(Butte 2000). Fasting glucose concentrations fall and remain slightly lower than
before pregnancy until delivery, although in overweight women this phenomenon
may be attenuated (Mills et al. 1998). In the second trimester, a gradually increasing
insulin resistance emerges (Butte 2000; Kirwan et al. 2002). Insulin action has been
demonstrated to be 50-70% lower during normal late pregnancy compared with the
non-pregnant state (Butte 2000). Concurrently, post-prandial glucose values increase
gradually as the pregnancy progresses compared to those measured outside pregnancy
(Siegmund et al. 2008). In parturients with type 1 DM, a particularly prolonged
postprandial hyperglycemia has been demonstrated in late pregnancy, due to impaired
glucose disposal (Murphy et al. 2012). An increased insulin response to glucose
persists until the end of pregnancy (Buchanan et al. 1990; Butte 2000; Catalano et al.
1991). Within hours after the delivery of the placenta, the levels of pregnancy
hormones fall and insulin sensitivity returns to the same level as before pregnancy
(Achong et al. 2014).

Taking into account this continuously transforming maternal metabolic environment,
a watchful and active attitude toward monitoring and management of glycemic
control in type 1 DM parturients is required. National recommendations concerning
glycemic control in type 1 DM pregnancies vary somewhat between centers and
countries, as shown in Table 1. Daily SMBG with multiple capillary pre- and
postprandial measurements forms the basis for glycemic control. Continuous glucose
monitoring has not so far been demonstrated to improve outcomes in diabetic
pregnancies (Murphy et al. 2008; Murphy 2013).
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Insulin treatment can usually be carried out with the same long- and short-acting
human insulin or insulin analogues as the patient has used before pregnancy (Lambert
and Holt 2013). In addition to the standard method of multiple daily injections,
continuous subcutaneous insulin infusion can be used, particularly if the woman is
accustomed to using an insulin pump (de Valk and Visser 2011; Viairdsmaiki et al.
2012). However, so far, studies have not demonstrated additional benefit from
continuous subcutaneous insulin infusion compared with multiple daily injections (de
Valk and Visser 2011).

Due to the hypoglycemia risk in early pregnancy, insulin doses may need to be
decreased slightly at weeks 8-16 when the risk of hypoglycemia is highest (Garcia-
Patterson et al. 2009; Ringholm et al. 2013). Thereafter, insulin requirements usually
increase, so that by late gestation doses 3-4 times higher than before pregnancy may
be needed (de Valk and Visser 2011; Garcia-Patterson et al. 2009). In parturients who
receive antenatal glucocorticoid medication to improve fetal lung maturity, insulin
doses need to be increased for a few days due to the hyperglycemia-inducing effects
of steroids (Ringholm et al. 2012a; Vaardasmaéki et al. 2012).

During labor, maternal blood glucose should be kept at 4-7 mmol/l by frequent
capillary glucose measurements, an intravenous glucose-insulin infusion and
additional insulin doses if needed (Ringholm et al. 2012a; Stenninger et al. 2008).
Maternal hyperglycemia during labor increases the risk of neonatal hypoglycemia
(Schwartz and Teramo 2000). After delivery, maternal insulin doses need to be
reduced due to increased insulin sensitivity and hypoglycemia risk (Achong et al.
2014). Breastfeeding reduces insulin requirements even further (de Valk and Visser
2011).

2.3.2.2.2 Blood pressure control

Normal pregnancy is characterized by hemodynamic and metabolic changes that
affect BP. In diabetic paturients, these changes are superimposed on a vascular system
variably damaged by the long-lasting diabetic metabolism as well as possible
disturbances of the autonomic nervous system due to diabetic neuropathy.

Research evidence regarding optimal BP treatment targets in diabetic pregnancies is
insufficient. The Finnish Diabetes Association recommends aiming at levels below
140/90 mmHg during pregnancy (Vadrasmaki et al. 2012). Because of the well-
known benefits of aggressive hypertension treatment in the prevention of vascular
complications outside pregnancy (Chobanian et al. 2003), the ADA recommends
treatment of BP to levels <130/80 mmHg also during pregnancy in women with pre-
gestational DM (Kitzmiller et al. 2008). Available evidence supports strict control of
BP at least in pregnancies with diabetic vascular complications. Hypertension is
associated with progression of diabetic retinopathy during pregnancy (Rosenn et al.
1992) and with preterm delivery in patients with diabetic nephropathy (Carr et al.
2006). Danish observational studies suggest that starting intensive antihypertensive
treatment with BP >135/85 mmHg in patients with micro- or macroalbuminuria in
early pregnancy reduces preterm deliveries and preeclampsia in this group of patients
(Damm et al. 2013; Nielsen et al. 2009).
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In diabetic parturients, a combination treatment with several antihypertensive drugs
may be required to achieve BP targets, due to chronic diabetic hemodynamic changes,
such as increased peripheral vasoconstriction (Carr et al. 2006; Nielsen et al. 2009;
Van Buren and Toto 2011). Safe antihypertensive medications during pregnancy
include labetalol, long-acting calcium antagonists and methyldopa (Kitzmiller et al.
2008).

2.3.2.2.3 Monitoring of maternal diabetic complications

Retinopathy. Both the British NICE guidelines and the ADA recommend that diabetic
parturients without retinopathy have a retinal examination in the first and the third
trimesters of pregnancy (National Collaborating Centre for Women's and Children's
Health 2015). The NICE guidelines suggest an additional retinal examination at 16-20
weeks to those with retinopathy and the ADA specifies that mild background
retinopathy or laser-treated proliferative retinopathy should be controlled in every
trimester but severe background or untreated proliferative retinopathy monthly
(Kitzmiller et al. 2008; National Collaborating Centre for Women's and Children's
Health 2015)

Nephropathy. A careful baseline screening for albuminuria and assessment of kidney
function before and/or in early pregnancy is important in type 1 DM in order to
identify women needing stricter BP control and to better distinguish the possible
development of preeclampsia from worsening nephropathy in late pregnancy. Urine
albumin-creatinine ratio and dipstick methods can be used to screen for albuminuria
before and during pregnancy, but a 24-hour urine collection to determine total protein
excretion in urine as well as tests of renal function should be carried out if screening
tests are positive, micro- or macroalbuminuria has been diagnosed before pregnancy,
or DM duration exceeds 10 years (Gabbe and Graves 2003; Kitzmiller et al. 2008).

Physiological changes related to pregnancy, such as hemodilution and renal
hyperfiltration, may complicate the interpretation of markers of renal function.
Estimated GFR tends to yield an underestimate during pregnancy (Smith et al. 2008
Ahmed et al. 2008). Cystatin C levels increase in late pregnancy, due to unknown
etiology, and the currently available evidence does not support its use as a marker of
GFR during pregnancy (Akbari et al. 2005; Saxena et al. 2012). Although pregnancy
causes a decrease in serum and plasma creatinine levels, in lack of better indicators,
serum or plasma creatinine concentrations and the 24-hour creatinine clearance are
currently recommended for monitoring of kidney function during pregnancy
(Kitzmiller et. 2008; Koetje et al. 2011).

Neuropathy. Screening for symmetric distal polyneuropathy and autonomic
neuropathy is not a part of routine follow up during pregnancy. Because autonomic
nervous system function is modified by pregnancy, possible screening tests for
autonomic neuropathy may be unreliable and should be repeated postpartum (Hagay
and Weissman 1996).

Macrovascular complications. Obtaining a careful patient history is central in
determining the risk of macrovascular disease in pregnant women with type 1 DM.
Symptoms of cardiovascular disease may be atypical in DM, particularly in women
(Stephen et al. 2008). Screening for macrovascular complications is not routinely
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performed during pregnancy. However, the ADA recommends investigations like
electro- and/or echocardiography and stress tests in high-risk cases, e.g. in parturients
with age >35 years, DM duration >15 years, symptoms of coronary heart disease,
cardiac autonomic neuropathy or peripheral arterial disease (Kitzmiller et al. 2008).

2.3.2.2.3 Obstetric monitoring

Strong research evidence showing the superiority of any specific obstetric monitoring
or antenatal testing protocol in type 1 diabetic pregnancies does not currently exist
(Mathiesen 2011; McCance 2011). Early pregnancy ultrasonography should be
performed to date the pregnancy accurately, since assessment of fetal size with
respect to gestational weeks later in pregnancy is particularly important in diabetic
pregnancies (McCance 2011). Trisomy screening is offered as in non-diabetic
pregnancies. Due to the increased risk of fetal malformations, a comprehensive
ultrasound examination of fetal morphology is important at 18-20 weeks of gestation,
with particular focus on possible cardiovascular abnormalities (Albert et al. 1996).

In the second half of pregnancy, close attention should be paid to monitoring BP,
proteinuria, fetal growth and signs of fetal distress, due to the increased risks of
hypertensive disorders as well as fetal macrosomia, growth restriction and chronic
hypoxia. Possible methods of fetal surveillance include cardiotocography, biophysical
profiling with assessment of amniotic fluid volume by ultrasonography and umbilical
artery Doppler velocimetry in cases of intra-uterine growth restriction (IUGR) or
maternal vasculopathy (ACOG 2000; Maulik et al. 2002; Reece et al. 1994). Many
experts consider the initiation of fetal surveillance at 32-34 weeks of gestation
appropriate for most type 1 DM patients (Gabbe and Graves 2003; Ringholm et al.
2012a), but in high-risk pregnancies it may be started at 26-28 weeks (ACOG 2000).
The British NICE guidelines do not recommend routine surveillance of fetal well-
being before 38 weeks of gestation in diabetic pregnancies unless there is a risk of
fetal growth restriction, e.g. in maternal micro- or macrovascular complications
(National Collaborating Centre for Women's and Children's Health 2015).
Measurement of amniotic fluid erythropoietin (EPO) levels can be used to diagnose
chronic fetal hypoxia to facilitate the timing of delivery (Teramo and Widness 2009).

2.3.2.3 Labor and delivery

An individualized approach is required in order to choose the optimal time and route
of delivery in a type 1 DM pregnancy. The high frequencies of fetal growth
abnormalities and chronic hypoxia, maternal morbidities such as exacerbation of
diabetic long-term complications and preeclampsia, as well as the neonatal risks
related to premature birth are issues to be weighted (Gabbe and Graves 2003). CS
rates among women with type 1 DM commonly exceed 40-50% (Table 2) (CEMACH
2005; Haeri et al. 2008; Howarth et al. 2007).

A challenge in diabetic pregnancies is to identify those fetuses that cannot be safely
delivered vaginally because of the risk of shoulder dystocia. The problems related to
diagnosing fetal macrosomia and assessing fetal body composition are discussed in
section 2.3.6.3.1. Evidence regarding the advantages of elective induction of labor or
CS in the prevention of adverse obstetric and perinatal outcomes when fetal
macrosomia is suspected is limited and partly conflicting (ACOG 2005; Kjos et al.
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1993). The Finnish Diabetes Association and the ACOG recommend an elective CS
due to suspected fetal macrosomia if the estimated fetal weight exceeds 4500g in a
diabetic pregnancy (ACOG 2005; Viadrasméiki et al. 2012). The most recent British
NICE guidelines do not specify a fetal weight estimate cut-off above which delivery
by an elective CS is advisable (National Collaborating Centre for Women’s and
Children’s Health 2015). Instrumental vaginal deliveries are not encouraged due to
the increased risk of shoulder dystocia (ACOG 2005).

Another challenge is to identify the fetuses that need to be intensively followed and
delivered early due to chronic fetal hypoxia. These fetuses at risk of intrauterine death
may be macrosomic, growth-restricted or normal weight (Teramo 2010). The British
NICE guidelines recommend an elective induction of labor or CS between 37+0 and
38+6 weeks of gestation in a type 1 DM pregnancy, or earlier in case of metabolic or
other maternal or fetal complications (National Collaborating Centre for Women's and
Children's Health 2015). The ACOG outlines that early delivery may be considered in
parturients with vasculopathies, poor glycemic control and previous fetal death, but
the pregnancies of women with well-controlled DM and normal findings in antenatal
surveillance could be allowed to continue until term but not beyond (ACOG 2005).

2.3.2.4 Post-partum care

Breastfeeding should be encouraged in women with type 1 DM due to its multiple
beneficial metabolic and other effects for both the diabetic mother and her child (Feig
et al. 2011). Planning of appropriate antihypertensive treatment and other medications
suitable for use during lactation is important. Education regarding the importance of
pre-pregnancy care should be provided. Intensified retinal monitoring is needed
during the first post-partum year because of the transient risk of retinopathy
progression due to pregnancy (Canadian Diabetes Association Clinical Practice
Guidelines Expert Committee et al. 2013; DCCT Research Group 2000). Due to the
high risk of thyroid disorders in type 1 DM, thyroid stimulating hormone levels
should be assessed at 6-8 weeks postpartum (Canadian Diabetes Association Clinical
Practice Guidelines Expert Committee et al. 2013).

2.3.3 Acute maternal complications in type 1 diabetic pregnancies

2.3.3.1 Hypoglycemia

The risk of iatrogenic hypoglycemia is a major limiting factor in attempts to achieve
near euglycemia during pregnancy (DCCT Research Group 1997; Nielsen et al. 2008;
Ringholm et al. 2012b). Severe hypoglycemia is defined as a hypoglycemic event
during which an individual requires the assistance of another person (ADA 2005).
Approximately 17-45% of type 1 DM women experience an episode of severe
hypoglycemia during pregnancy (DCCT Research Group 1997; Evers et al. 2002a;
Nielsen et al. 2008, Ringholm et al. 2012b).

As a result of the changes in maternal glucose metabolism in the first trimester, severe
hypoglycemia occurs three to five times more often in early pregnancy than
immediately before pregnancy (Ringholm et al. 2012b). In the third trimester, the risk
of hypoglycemia is lower than before pregnancy (Ringholm et al. 2012b).
Asymptomatic hypoglycemia, which may be life threatening particularly during night,
is common in parturients with type 1 DM (Hellmuth et al. 2000; Leinonen et al.
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2001). Risk factors of severe hypoglycemia include history of severe hypoglycemic
events, low HbA|. level, impaired ability to recognize symptoms of hypoglycemia
and long duration of DM (Evers et al. 2002a; Nielsen et al. 2008). Late evening blood
glucose level <6.0 mmol/l predicts nocturnal hypoglycemia (Hellmuth et al. 2000).
Research evidence regarding fetal effects of maternal severe hypoglycemia is
insufficient, but available reports suggest that recurrent or severe hypoglycemia is not
associated with fetal malformations or perinatal complications (Braak et al. 2002).

2.3.3.2 Ketoacidosis

Increasing insulin resistance, lipolysis and ketone bodies increase the risk of diabetic
ketoacidosis (DKA) in particular in the second half of pregnancy (Carroll and
Yeomans 2005; Kitzmiller et al. 2008). DKA in pregnancy is a life-threatening acute
complication for both the mother and the fetus. Approximately 2-9% of women with
type 1 DM experience DKA during pregnancy (Guo et al. 2008). Risk factors of DKA
include acute infections, vomiting, dehydration, diabetic gastroparesis, poor
compliance to insulin treatment and the use of sympathicomimetics and
glucocorticoid medications for obstetric indications. Due to the above-mentioned
metabolic changes that occur in pregnancy, DKA may develop during pregnancy at
lower glucose levels than in non-pregnant individuals and even during
normoglycemia (Guo et al. 2008; Hawthorne 2011; Kitzmiller et al. 2008). Hence, the
possibility of DKA should thus be always borne in mind when examining pregnant
women with type 1 DM suffering from nausea, vomiting and dehydration.

2.3.4. Progression of diabetic long-term complications during pregnancy

The physiological changes associated with pregnancy, such as hypervolemia, insulin
resistance, hypercoagulopathy and inflammation could be expected to contribute to
the development and progression of diabetic micro- and macrovascular complications
(Kaaja 2011). However, it seems that experiencing one or more pregnancies is not an
independent risk factor for the accelerated development of microalbuminuria,
retinopathy or neuropathy (DCCT Research Group 2000; Verier-Mine et al. 2005)

Retinopathy. A temporary progression of diabetic retinopathy may occur during
pregnancy, but the lesions usually regress to the level preceding pregnancy (DCCT
Research Group 2000; Verier-Mine et al. 2005). Pregnancy does not seem to enhance
the progression of retinopathy (Arun and Taylor 2008). Risk factors for long-term
progression of retinopathy during pregnancy include long DM duration, poor
glycemic control, rapid improvement of glycemic control, hypertension, moderate or
severe retinopathy in early pregnancy, nephropathy and preeclampsia (Kaaja 2011;
Laatikainen et al. 1987; Loukovaara et al. 2003; Rosenn et al. 1992; Temple et al.
2001). Proliferative retinopathy should be treated with laser photocoagulation before
pregnancy to reduce the risks of progression (Gabbe and Graves 2003).

Nephropathy. Pregnancy does not seem to accelerate long-term decline of kidney
function in women with diabetic nephropathy who enter pregnancy with normal
serum creatinine levels (Rossing et al. 2002a). However, in women with micro- or
macroalbuminuria before pregnancy, considerable (3-20g) transient increase in
proteinuria may develop by late pregnancy (Kitzmiller et al. 2008). The appearance of
mild macroalbuminuria below 500mg/24h during pregnancy may reflect pregnancy-
associated changes in nephrons rather than actual development of overt nephropathy.

25



It should be kept in mind that in women with moderate-to-severe diabetic renal
insufficiency, pregnancy has been associated with accelerated deterioration of kidney
function in as many as 40% (Purdy et al. 1996).

Neuropathy. Prospective studies examining the effect of pregnancy on the progression
of diabetic nephropathy are not available. A small nested case-control study suggested
that pregnancy may accelerate the development of diabetic polyneuropathy in the
short-term but does not result in excess prevalence among parous women in the long-
term (Hemachandra et al. 1995). A Finnish cross-sectional study showed that a
previous pregnancy does not seem to be a risk factor for the decline in autonomic
nervous function and the development of autonomic neuropathy in type 1 diabetic
women (Airaksinen and Salmela 1993).

Macrovascular diseases. The impact of pregnancy on the long-term progression of
macrovascular diseases is not clear. Future research should investigate the roles of
glycemic, BP and lipid control, albuminuria, oxidative stress and sub-clinical
inflammation during pregnancy on the development of macrovascular diaseases in
diabetic women (Kitzmiller et al. 2008).

2.3.5 Hypertensive complications in pregnancy

Preeclampsia-eclampsia, chronic hypertension with superimposed preeclampsia and
gestational hypertension complicate almost half of all type 1 DM pregnancies
(Colatrella et al. 2010; Cundy et al. 2002). Hypertensive disorders in pregnancy are
associated with an increased likelihood of preterm delivery, CS, SGA infant and
NICU admission (Buchbinder et al. 2002; Colatrella et al. 2010).

Preeclampsia is a vascular disorder of pregnancy characterized by new-onset
hypertension and proteinuria that develop after mid-pregnancy (ACOG Committee on
Obstetric Practice 2002). Different subtypes of the preeclampsia syndrome, with
possibly differing pathogeneses, are considered to exist (Staff et al. 2013a). It may be
associated with complications such as HELLP (i.e. a syndrome of hemolysis, elevated
liver enzymes and low platelet count) and eclampsia, which can be life-threatening for
both the mother and the fetus. Preeclampsia rates in type 1 diabetic pregnancies in
European population-based studies are shown in Table 2. The risk of preeclampsia in
type 1 DM is strongly affected by the presence of diabetic vascular complications.
Preeclampsia has been reported to affect 6-20% of patients with normoalbuminuria
before pregnancy, over 40% of women with microalbuminuria, and over 50-60% of
women with diabetic nephropathy (Colatrella et al. 2010; Evers 2004; Hanson and
Persson 1998; Hiilesmaa et al. 2000; Holmes et al. 2011; Jensen et al. 2009a; Persson
et al. 2009; Sibai et al. 2000a). In diabetic nephropathy, the diagnosis is commonly
based on some measure of further increase in chronically hypertensive BP levels and
proteinuria (Gordon et al. 1996a; Kimmerle et al. 1995; Nielsen et al. 2009). In
addition to the vascular complications of DM, risk factors of preeclampsia in DM
pregnancies include nulliparity, long DM duration, obesity, chronic hypertension and
poor glycemic control (Hanson and Persson 1998; Hiilesmaa et al. 2000; Holmes et
al. 2011; Howarth et al. 2007). Since the only currently available cure is the delivery
of the placenta, preeclampsia is a major cause of preterm deliveries and the associated
neonatal morbidity and mortality (Jensen et al. 2009a; Sibai et al. 2000b).
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Gestational hypertension is defined as new-onset hypertension after mid-pregnancy
without the presence of proteinuria (Roberts et al. 2003). It is 2-3 times more frequent
in diabetic women compared to non-diabetic women (Evers 2004; Hanson and
Persson 1998; Holmes et al. 2011; Persson et al. 2009) and its severe forms are
associated with adverse perinatal outcomes such as preterm birth and fetal growth
restriction (Buchbinder et al. 2002). Risk factors of gestational hypertension include
nulliparity, long duration of DM and diabetic retinopathy (Colatrella et al. 2010;
Hiilesmaa et al. 2000). It appears that glycemic control during pregnancy is not a risk
factor of gestational hypertension (Hanson and Persson 1998; Hiilesmaa et al. 2000).

Recent studies have revealed interesting linkages between hypertensive pregnancy
complications in type 1 diabetic pregnancies and the progression and development of
diabetic vascular complications. During pregnancy, preeclampsia and hypertension
are risk factors of retinopathy progression (Lovestam-Adrian et al. 1997; Rahman et
al. 2007). Concerning the postpartum incidence of microvascular complications,
Gordin et al. showed recently in Finnish women with type 1 DM that prior gestational
hypertension is associated with later development of proliferative retinopathy (Gordin
et al. 2012) and prior preeclampsia with later development of diabetic nephropathy
(Gordin et al. 2007). Insulin resistance, endothelial dysfunction, inflammation,
oxidative stress, which are typical features of diabetic metabolism, may contribute to
these associations, since they are thought to be involved in the pathogenesis of both
hypertensive pregnancy disorders and long-term complications of DM (Agatisa et al.
2004; Colatrella et al. 2010; Gordin et al. 2014; Kaaja et al. 1999; Kaaja et al. 1995).

2.3.6 Perinatal complications in type 1 diabetic pregnancies

2.3.6.1 Fetal malformations and spontaneous abortions

Maternal hyperglycemia in early pregnancy during fetal organogenesis increases the
risk of fetal malformations (Bell et al. 2012; Hanson et al. 1990; Jensen et al. 2009b;
Suhonen et al. 2000), which are 2-6 times more frequent in pre-gestational diabetic
pregnancies than in background populations (Bell et al. 2012; Eidem et al. 2010; Feig
et al. 2014; Murphy et al. 2011; Suhonen et al. 2000). Rates of congenital
malformations reported in European population-based studies are given in Table 2.
The rate of spontaneous abortions is similarly affected by maternal glycemic control
(Hanson et al. 1990). Maternal early pregnancy HbA,. levels show a continuous
positive correlation with the frequency of fetal malformations, without a specific
threshold and with even slightly increased levels associating with increased risk
(Nielsen et al. 2006; Suhonen et al. 2000). An HbA,. level exceeding 10% during
fetal organogenesis is associated with a significantly increased risk of both fetal
anomalies and spontaneous abortions (Hanson et al. 1990). Lack of pre-pregnancy
care is a risk factor for congenital malformations in type 1 diabetic pregnancies as it is
linked to poor glycemic control in early pregnancy (Murphy et al. 2011). In a recent
population-based study, the risk of congenital anomalies was particularly high in type
1 DM patients with diabetic nephropathy (Bell et al. 2012).

The pathogenesis of diabetes-associated fetal malformations appears to be
multifactorial (Eriksson et al. 2003). Experimental studies in vitro and in vivo suggest
that similar pathogenetic mechnisms as implicated in diabetic microvascular
complications may contribute to diabetic embryopathy in humans (Eriksson 2009).
The teratogenic effects of maternal DM most frequently affect fetal cardiovascular,
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musculo-skeletal and central nervous systems (Garne et al. 2012; Macintosh et al.
2000).

2.3.6.2 Preterm delivery

Prematurity is among the most important causes of neonatal morbidity and mortality
in the offspring of type 1 diabetic women. Preterm delivery rates of 19-41% before 37
weeks of gestation have been reported in European population-based studies on
parturients with type 1 DM (Table 2). Risk factors of preterm delivery in
pregestational diabetic pregnancies include poor glycemic control, retinopathy,
nephropathy, gestational hypertension and preeclampsia (Boulot et al. 2003; Lepercq
et al. 2004). Most of the preterm births are indicated due to maternal or fetal
complications, but also spontaneous preterm deliveries are more common in diabetic
compared to non-diabetic pregnancies (Lepercq et al. 2004; Sibai et al. 2000b). The
exact mechanism by which maternal DM predisposes to spontaneous preterm birth is
not known. Poor glycemic control, polyhydramnios and urogenital infections may
play a role, and hyperglycemia-induced oxidative stress leading to impaired nitric-
oxide dependent relaxation of the uterus has been speculated to be a possible
etiological factor (Kovilam et al. 2002; Lepercq et al. 2004).

2.3.6.3 Abnormal fetal growth

2.3.6.3.1 Fetal macrosomia

Fetal macrosomia, i.e. fetal overgrowth, is the hallmark complication of a diabetic
pregnancy. The definitions of macrosomia and large-for-gestational age (LGA) vary
between countries, the most common being relative birth weight >2 SD units above
the mean of a reference population, relative birth weight >90™ (>1.28 SD units)
percentile of a reference population and absolute birth weights >4000g or >4500g
(Sacks 2007). In European population-based studies, frequencies of relative birth
weight >2 SD units range from 20 to 36%, and those for relative birth weigh >9(™
percentile from 55% to 63%, in the offspring of type 1 DM women (Table 2).

The pathogenesis of fetal macrosomia is not fully understood, but it is known that
both maternal chronic hyperglycemia and fetal hyperinsulinemia are major causative
factors. Glucose crosses the placenta by concentration gradient-dependent carrier-
mediated transport (Hay 1991) and high glucose concentrations in the maternal blood
lead to high concentrations of glucose in the fetal circulation. Fetal insulin secretion
starts in mid-pregnancy, resulting in fetal hyperinsulinemia in response to the
excessive glucose loads supplied by the mother (Hay 2006). On the other hand,
studies in fetal rhesus monkeys have shown that chronic fetal hyperinsulinemia causes
fetal macrosomia also during maternal euglycemia (Susa et al. 1979). Thus, fetal
hyperglycemia and hyperinsulinemia independently promote fetal overgrowth and fat
accumulation, leading to an abnormal body composition characterized by excess
adipose tissue and organomegaly (Hay 2011). Studies in fetal sheep have
demonstrated that peaks of high glucose are particularly effective in stimulating fetal
insulin production (Hay 2006). This is in agreement with the association of
postprandial hyperglycemia with fetal overgrowth in humans (Combs et al. 1992). In
diabetic parturients with strict glycemic control, a relatively weak correlation between
HbA,. levels and macrosomia, and a strong correlation between fetal
hyperinsulinemia and macrosomia, have been demonstrated (Lepercq et al. 2001;
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Schwartz et al. 1994). HbA | values used in the monitoring of glucose control do not
reflect glucose variability, which may explain, at least partly, why fetal macrosomia
sometimes develops in parturients whose HbA, values are within the recommended
range (Evers et al. 2002b). In addition to glucose, increased fluxes of other substrates,
such as lipids and amino acids, to the fetus may contribute to fetal macrosomia
(Catalano and Mouzon 2011; Hay 2011).

Fetal macrosomia is associated with many obstetric and perinatal risks, such as
shoulder dystocia, birth trauma, chronic fetal hypoxia, birth asphyxia and perinatal
death (Jaffe 2002; Teramo 2010, Hay et al. 2012). Despite the development of modern
fetal imaging methods, the identification of fetuses at risk for shoulder dystocia
remains a challenge. An ultrasound estimate of fetal weight is associated with a
possibility of 10-15% error (Schwartz and Teramo 1999). Measurement of relative
abdominal circumference by ultrasonography at 36 weeks may provide some
assistance in the prediction of shoulder dystocia (Secher et al. 2015), but, all in all,
fetal biometry by ultrasound gives inadequate information on fetal body composition.
In the future, fetal magnetic resonance imaging techniques may bring advancements
in this field (Sporri et al. 2002; Tukeva et al. 2001). Suspected macrosomia is a
common indication for CS in type 1 DM since it practically eliminates the risk of
shoulder dystocia (Lepercq et al. 2010). Considering the many short- and long-term
adverse effects of CS deliveries (Pallasmaa et al. 2010; Pallasmaa et al. 2015), better
methods for diagnosing fetal macrosomia and abnormal body composition are greatly
needed.

2.3.6.3.2 Intrauterine growth restriction

Small-for-gestational age (SGA) is commonly defined as relative birth weight <2.0
SD units or <10™ percentile, or absolute birth weight below 2500g. However, it
should be noted that birth weights in type 1 DM pregnancies are normally distributed
and some fetuses with normal birth weights might have been SGA without the
growth-promoting effects of DM (Bradley et al. 1989; Haeri et al. 2008). Teramo et
al. showed increased amniotic fluid EPO concentrations not only in macrosomic
fetuses, but also in those with relative birth weight under -0.6 SD units, suggesting
that birth weights falling below this limit could be considered “growth-restricted”
(Teramo et al. 2004a). This underlines the need to consider the whole picture of risk
factors, not only the fetal weight estimate, when making clinical decisions about the
timing and mode of delivery.

Maternal systemic vasculature and its function are profoundly affected by long-
standing DM. Possible diabetic autonomic neuropathy may further hinder the
hemodynamic adaptations to pregnancy. It is logical that also placental circulation is
often affected in these cases leading to substrate deprivation in the fetus (Jaffe 2002).
Maternal diabetic vascular complications, which strongly associate with hypertensive
pregnancy disorders, significantly increase the risk of IUGR in diabetic pregnancies
(Haeri et al. 2008; Howarth et al. 2007; Sibai et al. 2000a). Haeri et al. (2008)
reported frequencies of relative birth weight <10™ percentile of 12% in parturients
with diabetic proliferative retinopathy, 32% in those with diabetic nephropathy, and
50% in those with both diabetic nephropathy and retinopathy.
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2.3.6.4 Fetal hypoxia

Several pieces of research evidence support the hypothesis that maternal DM
contributes to chronic fetal hypoxia (Madsen 1986; Teramo 2010). At worst, a fetal
death occurs, typically in late pregnancy as observed already by Hagbard (1956).
Animal studies in fetal sheep have revealed that fetal hyperglycemia as well as fetal
hyperinsulinemia during constant glucose levels result in fetal oxidative
hypermetabolism, with increased rates of glucose utilization, oxidation and oxygen
consumption, leading to arterial hypoxemia (Hay and Meznarich 1986; Milley and
Papacostas 1989; Philipps et al. 1984). Findings in stillborn fetuses and newborn
infants of diabetic mothers demonstrate abnormal iron distribution, depleted iron
stores in the liver, heart and brain, as well as cardiac hypertrophy (Georgieff et al.
1990; Georgieff et al. 1992; Petry et al. 1992; Russell et al. 2008b). In clinical studies,
pathological cardiotocography before and during delivery, low umbilical blood pH
values at birth, polycythemia and hyperbilirubinemia are more common in diabetic
than in non-diabetic pregnancies, particularly in those with poor glycemic control
(Kariniemi et al. 1983; Salvesen et al. 1992; Teramo et al. 1983).

Studies examining amniotic fluid and cord blood EPO levels in the offspring of
diabetic mothers also suggest chronic hypoxia (Teramo and Widness 2009). Tissue
hypoxia stimulates the production of EPO in the fetus. Both fetal plasma and amniotic
fluid EPO levels correlate negatively with umbilical artery pH and pO, levels at birth
(Buescher et al. 1998; Rollins et al. 1993; Teramo et al. 1987). In diabetic
pregnancies, amniotic fluid EPO levels correlate positively with the levels of
oxidative and nitrosative stress biomarkers in the amniotic fluid (Escobar et al. 2013).
Maternal HbA . levels measured in late pregnancy correlate positively with amniotic
fluid EPO concentrations measured before birth and umbilical blood plasma EPO
levels at birth (Teramo et al. 2004a; Widness et al. 1990). This suggests that maternal
hyperglycemia is associated with fetal hypoxia. Amniotic fluid and fetal plasma
insulin levels also correlate with fetal plasma EPO levels independently of maternal
glucose levels (Widness et al. 1990). Thus, both fetal hyperglycemia and
hyperinsulinemia seem to contribute to chronic fetal hypoxia in diabetic pregnancies.
Moreover, Doppler velocimetry studies in pregnancies complicated by diabetic
nephropathy have suggested that fetal hypoxia in these pregnancies is not due to
decreased placental perfusion (Salvesen et al. 1993) Thus, it seems that fetal hypoxia
in most DM pregnancies does not result from placental insufficiency (Teramo 2010).

High fetal EPO levels are associated with perinatal complications such as fetal
macrosomia, obstructive cardiomyopathy, neonatal hypoglycemia and NICU
admission in DM pregnancies, and with fetal growth restriction in hypertensive
pregnancies (Teramo et al. 2004a; Teramo et al 2004b). Thus, although fetal
macrosomia is a risk factor of chronic fetal hypoxia, it occurs also in low and normal
birth weight fetuses of diabetic mothers (Teramo 2010). Hypertensive disorders,
which are frequent in diabetic pregnancies and may affect placental circulation, can
further elevate the risk of fetal hypoxia (Teramo et al. 2004b). A u-shaped
relationship has been demonstrated between relative birth weight and amniotic fluid
EPO levels (Teramo et al. 2004a).
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2.3.6.5 Perinatal mortality

Perinatal deaths include stillbirths and early neonatal deaths. Stillbirth is commonly
defined as the death of a fetus after 22 completed weeks of gestation or with a birth
weight of >500g (Eidem et al. 2011; Mathiesen 2011), but in some studies only fetal
deaths after 24 completed weeks of gestation have been classified as stillbirths and
earlier fetal losses as late miscarriages (Evers et al. 2004; Lauenborg et al. 2003;
Macintosh et al. 2006; Tennant et al. 2014). Early neonatal death (postnatal death) is
defined as the death of a newborn infant during the first week of life (Evers et al.
2004; Tennant et al. 2014). The risk of perinatal death is 3-6 times higher in
pregnancies complicated by pre-gestational DM compared with background
populations (Boulot et al. 2003; CEMACH 2005; Evers et al. 2004; Hanson and
Persson 1993; Jensen et al. 2004; Macintosh et al. 2006; Persson et al. 2009).
Perinatal mortality rates in type 1 DM pregnancies reported in European population-
based studies during 1993-2011 are sown in Table 2. Fetal malformations contribute
to approximately 30-40% of perinatal deaths in type 1 DM pregnancies (Schwartz and
Teramo 2000). Other important causes include chronic intrauterine hypoxia as well as
neonatal complications related to prematurity (CEMACH 2005; Mathiesen et al.
2011). Tennant et al. (2014) showed recently that the relative risks of stillbirth and
early neonatal death related to maternal DM in normally formed offspring have not
decreased when the time periods 1996-1999 and 2006-2008 were compared.

Stillbirths account for the majority of perinatal deaths in type 1 DM (Mathiesen et al.
2011). In a study by Lauenborg et al. (2003), type 1 DM patients with a stillbirth were
characterized by poorer glycemic control in early and, in particular, in late pregnancy,
as compared to those with a live birth. The same observation has been made by others
(Hanson and Persson 1993; Tennant et al. 2014; Teramo 2010), consistent with the
association of poor glycemic control with chronic fetal hypoxia (Teramo et al. 2004a).
Other risk factors of stillbirths in type 1 DM pregnancies include diabetic
nephropathy, smoking and low social status (Lauenborg et al. 2003). Hypertrophic
cardiomyopathy, associated with maternal poor glycemic control, may compound
susceptibility to chronic hypoxia (Russell et al. 2008b; Sardesai et al. 2001).

Active fetal surveillance with ultrasonography, Doppler velocimetry or
cardiotocography in late gestation is common practice in attempts to prevent
stillbirths in diabetic pregnancies (Mathiesen et al. 2011). However, it does not
guarantee a live birth, even if the testing is repeated several times a week, since the
condition of a fetus suffering from chronic hypoxia may deteriorate rapidly in a few
days (Teramo et al. 2004a, Teramo et al. 2004b). Hence, the development of new
methods to diagnose fetal hypoxia before delivery is necessary. Repeated
measurements of the amniotic fluid EPO level by amniocentesis, combined with the
assessment of fetal lung maturation, may be useful in determining the appropriate
time for delivery (Teramo and Widness 2009).

2.3.6.6 Neonatal complications

Hypoglycemia, often defined as blood glucose <2.6 mmol/l during the first days of
life (Maayan-Metzger et al. 2009), is among the most common neonatal
complications in type 1 diabetic pregnancies. The fetus of a diabetic mother develops
pancreatic beta-cell hyperplasia and hyperinsulinemia in response to maternal
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hyperglycemia. At birth, the maternal glucose supply abruptly stops. However, high
insulin concentration in the infant’s blood continues to promote increased glucose
utilization, decreased glycogenolysis and decreased availability of alternate substrates,
such as free fatty acids or ketone bodies (Hay 2011). Maternal poor glycemic control
immediately before delivery and especially hyperglycemia during delivery increase
the risk of neonatal hypoglycemia (DCCT Research Group 1996). Fetal macrosomia
is a risk factor of neonatal hypoglycemia, but also growth-restricted infants are at an
increased risk due to depleted hepatic glycogen stores (Nold and Georgieff 2004).

Respiratory problems, such as transient tachypnea, respiratory distress syndrome
(RDS) and pulmonary hypertension, are common in the neonates of diabetic mothers,
particularly in case of poor maternal glycemic control. The high frequency of preterm
births in diabetic pregnancies contributes to the high frequency of RDS, but maternal
DM is also an independent risk factor of RDS (Robert et al. 1976), as hyperglycemia
inhibits surfactant production by pneumocytes (Gewolb and O'Brien 1997).
Hyperviscosity due to polycythemia and chronic fetal hypoxia may lead to pulmonary
hypertension and a CS without labor to neonatal transient tachypnea (Hay 2011).

Hypertrophic cardiomyopathy of various degrees of severity is found in as many as
40% of infants born to type 1 DM mothers and may occur also in cases where
maternal glycemic control has been good (Gandhi et al. 1995; Russell et al. 2008a). It
results in symptoms in 5% of these infants and may feature septal hypertrophy,
thickened myocardium, outflow tract obstruction and congestive heart failure (Russell
et al. 2008b). Usually the symptoms disappear in the first weeks of life and ultrasound
findings in the first six months of life, but whether it has any long-term effects on the
hearts of infants of diabetic mothers is poorly known (Hay 2011).

Polycythemia, i.e. hematocrit exceeding 65%, affects 20-40% of newborn infants of
diabetic mothers (Schwartz and Teramo 2000). It results from chronic fetal hypoxia,
which leads to increased EPO-induced production of red blood cells (Hay 2011;
Schwartz and Teramo 2000). Polycytemia may lead to hyperbilirubinemia and
predispose to thrombotic complications (Hay 2011).

Hypocalcemia and/or hypomagnesemia affect up to 50% of infants of diabetic
mothers (Nold and Georgieff 2004; Schwartz and Teramo 2000), and may be
associated with agitation, irritability and decreased myocardial contractility (Hay
2011). Hypocalcemia is thought to result from magnesium deficiency of the diabetic
mother due to glycosuria, leading to fetal hypomagnesemia and transient
hypoparatyreoidism (Hay 2011; Mimouni et al. 1990b). Risk factors of neonatal
hypocalcemia include preterm birth and birth asphyxia (Mimouni et al. 1990a).
Maternal good glycemic control is associated with a lower frequency of neonatal
hypocalcemia (Demarini et al. 1994).
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Table 2. Obstetric and perinatal outcomes (%) of women with type 1 diabetes in European population-based studies published 1993-2011.

Hansson and Viirdsmiki Penneyet Eversetal. Jensenetal. Perssonetal. Murphy etal.

Persson 1993 et al. 2000 al. 2003a 2004 2004 2009 2011
Pregnancies, n 491 296 273 323 1215 5089 323
Preeclampsia 20.6° NA NA 12.7 18.1 14.0 NA
Cesarean section 45.2 51.7 NA 44.3 55.9 46.0 63.5
Preterm delivery <37 weeks 24.6 18.9 NA 322 41.7 21.0 37.1
Large-for-gestational age 20.0° 20.0° 55° 28.4° 62.5° 31.0° 35.7°
Congenital malformations NA 54 6.0 8.8 5.0 4.7 4.2
Perinatal mortality 3.1¢ 3.0 2.8 2.8° 3.1° 2.0 25

*Gestational hypertension or preeclampsia

®Relative birth weight >2 SD units (>97.7" percentile)
“Relative birth weight >90™ percentile

9Births before 28 gestational weeks were excluded
“Births before 24 weeks were excluded



3 AIMS OF THE STUDY

I To analyze temporal trends in pre-pregnancy BMI, glycemic control during
pregnancy, delivery mode and perinatal outcome among type 1 DM patients with a
singleton childbirth at HUH during 1989-2008.

IT To analyze temporal trends in BP levels during pregnancy as well as frequencies of
hypertensive pregnancy complications in type 1 DM patients with a singleton
childbirth at HUH during 1989-2010.

III To analyze temporal changes in glycemic control, BP levels, markers of renal
function as well as obstetric and perinatal outcomes of women with type 1 DM and
diabetic nephropathy (White’s class F) during 1988-2011.

IV To analyze the association of White’s class with obstetric and perinatal risk factors
and outcomes in type 1 DM patients with a singleton childbirth at HUH during 1988-
2011. To evaluate whether White’s classification provides predictive information in
addition to measurement of first trimester HbA ;. and BP.
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4 SUBJECTS AND STUDY DESIGN

4.1 Ethical aspects

A research permit of the HUH Department of Obstetrics and Gynecology was
obtained for the study protocol. The study was carried out in accordance with the
Declaration of Helsinki.

4.2 Study design and setting

This study is a retrospective analysis of the obstetric records of a population-based
cohort of type 1 DM patients who delivered at HUH during 1988-2011. This hospital
is the only centre treating pregnant type 1 diabetic patients in the greater Helsinki area
and serves a population of about 1.6 million.

4.3 Study population

The obstetric records of a total of 1094 consecutive type 1 DM patients with a
singleton childbirth during 1988-2011 at HUH were analyzed. Only the most recent
childbirth of each woman during the study period was included in the analyses.
Multiple pregnancies (29 sets of twins and one set of triplets) as well as patients with
maturity onset diabetes of the young were excluded. However, when calculating the
perinatal mortality rates, the total number of singleton infants (n=1697) was used. The
type 1 DM patients were categorized based on White’s classification outlined in Table
3 (Hare and White 1977; White 1965; White 1949). Only four patients had coronary
heart disease (White’s class H); two of these patients were categorized as White’s
class D and two patients as White’s class F. One patient had undergone renal
transplantation prior to pregnancy (White’s class T), but was excluded from the study
due to a twin pregnancy.

Diabetic proliferative retinopathy was defined as laser photocoagulation treatment of
diabetic retinopathy before, during or immediately after pregnancy.

Diabetic nephropathy was defined as total protein excretion in urine 20.3 g/24h or

dipstick-positive proteinuria in each trimester of pregnancy, in the absence of non-
diabetic kidney diseases based on clinical appraisal and/or kidney biopsy
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Table 3. A modified version of the 1949 White’s classification. Class E (calcified pelvic
vessels on x ray) omitted and class R (diabetic retinopathy) included (White 1949, White
1965, Hare and White 1977).

White’s class

Definition

B

Age at onset 220 years and DM duration <10 years

Age at onset 10-19 years, or DM duration 10-19 years

Age at onset <10 years, or DM duration >20 years, or
background retinopathy

Diabetic proliferative retinopathy
Diabetic nephropathy
Renal transplantation prior to pregnancy

Atherosclerotic ischemic heart disease




5 METHODS

5.1 Obstetric follow-up

Type 1 DM patients were referred from primary health care centers and local
hospitals to the HUH as soon as the pregnancy had been diagnosed, usually at 6 to 10
weeks of gestation. The duration of pregnancy was confirmed by sonography at 11-13
weeks of gestation in the majority of pregnancies. During pregnancy, the patients
visited the antenatal clinic every 2-4 weeks and more frequently during the last
trimester. Maternal BP was measured and urine dipstick analysis was performed at
each visit. Fetal weight was estimated by ultrasound after 24 weeks of gestation at
each visit.

5.2 Monitoring of glycemic control

The patients measured their fasting blood glucose and all pre- and postprandial values
at least twice per week and took at least 3-5 daily glucose measurements on other
days of the week. HbA;, was assessed by the same high-performance liquid
chromatography method (Diamat, Bio-Rad Laboratories, Hercules, CA, USA)
throughout the study period. Four values were analyzed in this study: the last value
measured within 12 months before pregnancy, the first value measured in the first
trimester, one value measured in the second trimester between 18+0 to 22+0 weeks of
gestation, and the last value recorded before delivery. If two HbA . values had been
measured between 18+0 and 22+0 weeks of gestation, the average was used.

5.3 Collection of maternal, obstetric and perinatal data

Information on smoking, prepregnancy weight and height, DM duration, DM
complications, past obstetric history, and the index pregnancy and delivery were
collected from the maternity care cards and hospital records. The second highest
systolic and diastolic BP values in each trimester were recorded.

Data on gestational age at birth, birth weight, the lowest blood glucose value of the
newborn infant, and neonatal intensive care unit admission (NICU) were obtained
from hospital records. Umbilical artery samples were analysed at birth for pH using
Ciba-Corning, Rapidlab 800 (Bayer Siemens) and ABL (Radiometer) pH/blood gas
analysers.

Hypertension during pregnancy according to the ACOG criteria was defined as
systolic BP >140 mmHg and/or diastolic BP >90 mmHg (ACOG Committee on
Obstetric Practice 2002; Roberts et al. 2003), Hypertension during pregnancy
according to the ADA criteria was defined as systolic BP >130 mmHg and/or
diastolic BP >80 mmHg (Kitzmiller et al. 2008). Patients with BP below the criteria
of the ACOG were classified as normotensive. For a few patients data on BP was not
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available for the time period before 20 weeks of gestation. In these cases, if BP
values >140/90 mmHg were recorded after 20 weeks of gestation, it was assumed that
the patient had been normotensive in the first half of pregnancy.

Gestational hypertension was defined as hypertension meeting the ACOG criteria
occurring after 20 weeks of gestation in a previously normotensive woman, without
the presence of proteinuria.

Chronic hypertension was defined as systolic BP >140 mmHg and/or diastolic BP
>90 mmHg detected before 20 weeks of gestation.

Preeclampsia was defined as hypertension meeting the ACOG criteria occurring after
20 weeks of gestation in a previously normotensive woman, combined with new-onset
proteinuria of >0.3 g/24 h. (ACOG Committee on Obstetric Practice 2002; Roberts et
al. 2003)

Superimposed preeclampsia was defined as chronic hypertension combined with new-
onset proteinuria of > 0.3 g/24 h after 20 weeks of gestation (ACOG Committee on
Obstetric Practice 2002; Roberts et al. 2003).

Preeclampsia in patients with diabetic nephropathy was defined as worsening of
hypertension (=15 mmHg increase in systolic and/or diastolic BP) with a proteinuria
level of =5 g/24 h after 20 weeks of gestation.

Eclampsia was defined as the presence of new-onset grand mal seizures in a woman
with preeclampsia (ACOG Committee on Obstetric Practice 2002; Roberts et al.
2003).

Fetal macrosomia was defined as birth weight >2.0 SD units (>97.7th percentile)
using a Finnish standard population (Pihkala et al. 1989).

Small-for-gestational age (SGA) was defined as birthweight <-2.0 SD units (<2.3th
percentile) using a Finnish standard population (Pihkala et al. 1989).

Mild fetal acidosis at birth was defined as an umbilical artery pH <7.15 (Ruth and
Raivio 1988).

Severe fetal acidosis at birth was defined as an umbilical artery pH <7.05 (Knutzen et
al. 2015).

Neonatal hypoglycemia was defined as blood glucose <2.6 mmol/l in the early
neonatal period.

5.4 Statistical methods

Continuous variables were compared with the Student’s ¢ test, the Mann-Whitney U
test, the paired-samples ¢ test and the Kruskal-Wallis test. The Chi-square and the
Fisher’s exact tests were used in the analysis of categorical variables. Trends were
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tested with linear regression analysis, the Jonckheere-Terpstra trend test or the
Mantel-Haenszel linear-by-linear association Chi-square test. The associations of
continuous or categorical variables with categorical outcomes were studied with
multiple logistic regression analysis. P-values <0.05 were considered statistically
significant. The statistical software used was IBM® SPSS® Statistics 21.0-22.0.
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6 RESULTS

6.1 Maternal characteristics

6.1.1 Time-trends (Studies I, I and IIT)

All parturients with type 1 DM. Maternal characteristics of the whole study population
for the period 1988-2011 are presented in Table 4. Maternal age, age at DM
diagnosis, DM duration and the proportion of parturients who smoked during
pregnancy did not change during the study period, but the frequency of nulliparous
parturients increased marginally over time. The trends of pre-gestational BMI,
overweight and obesity were increasing. The frequencies of patients in White’s
classes C and F decreased and those in White’s class D increased during 1988-2011.

The mean HbA,. levels in each trimester of pregnancy during 1988-2011 are also
shown in Table 4. The trend of the last HbA,. level measured within 12 months
before pregnancy was increasing. The first HbA. measured in the first trimester
remained unchanged during 1988-2011, but the mid-trimester HbA . levels and the
last HbA|. values before delivery increased. The first HbA,. value in the first
trimester correlated positively with the last HbA . before delivery (r=0.54, p<0.001).

Parturients with diabetic nephropathy. When the time periods 1988-1999 (n=43) and
2000-2011 (n=65) were compared, the median (range) duration of DM increased from
19 years (10-34) to 24 years (12-33) (p=0.01). The median age at diagnosis of DM,
pregestational BMI or the frequency of nulliparity did not differ between the two
study periods. The frequencies of smoking during pregnancy (26% vs. 29%, p=0.78)
and proliferative retinopathy (51% vs. 65%, p=0.14) remained high.

In patients with diabetic nephropathy, the median (range) HbA . levels remained high
in the prepregnancy period, being 8.2% (5.7-12.5) in 1988-1999 and 8.5% (6.1-13.5)
in 2000-2011 (p=0.16). The median (range) first trimester HbA . values were 8.3%
(5.7-11.8) in 1988-1999 and 8.4% (5.6-13.7) in 2000-2011, p=0.67. In both time
periods, the median (range) HbA . decreased by mid-pregnancy, being 6.7% (4.7—
9.3) in 1988-1999 and 6.9% (5.1-9.0) in 2000-2011, p=0.11. The median (range) last
HbA . levels before delivery were 6.7% (4.6—10.0) in 1988-1999 and 6.8% (5.3-9.3)
in 2000-2011 (p=0.67).

6.1.2 Trends across White’s classes (Study IV)

Table 5 shows the maternal characteristics for the entire study population categorized
by White’s class. No trends were seen in maternal age across White’s classes, age at
DM diagnosis or DM duration across White’s classes D, R and F. The age at
diagnosis of DM did not differ between White’s classes D, R and F. The duration of
DM was somewhat longer in White’s class R than in classes D (p=0.01) and F
(p=0.003). There were more nulliparous women in White’s class F compared to
classes B to R (p=0.01) and in White’s class R compared to classes B to D (p=0.01).
The frequency of smoking during pregnancy was similar in White’s classes B to R,
but high in class F (p<0.001 for F vs. B to R).
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Table 4. Time-trends in background characteristics of 1094 women with type 1 diabetes who delivered at Helsinki University Hospital during 1988-2011.

Maternal characteristic 1988-1991 1992-1995 1996-1999 2000-2003 2004-2007 2008-2011 p for trend”
n 147 140 146 146 195 320

Age (years) 30(5.3) 31(4.8) 31 (4.6) 31(5.2) 31(5.0) 30(5.1) 0.94
Age at diabetes diagnosis (years) 15 (1-37) 14 (1-41) 14 (1-34) 15 (2-39) 15 (1-37) 14 (1-39) 0.24
Diabetes duration (years) 15 (1-33) 16 (1-32) 17 (1-34) 16 (1-33) 17 (0-36) 16 (0-36) 0.38
White’s class B 27 (18.4) 29 (20.7) 31(21.2) 25(17.1) 37 (19.0) 59 (18.4) 0.70
White’s class C 53 (36.1) 35(25.0) 31(21.2) 41 (28.1) 45 (23.1) 77 (24.1) 0.04
White’s class D 29 (19.7) 41 (29.3) 54 (37.0) 45 (30.8) 71 (36.4) 135 (42.2) <0.001
White’s class R 15(10.2) 13(9.2) 10 (6.8) 22 (15.1) 28 (4.4) 33(10.3) 0.37
White’s class F 23 (15.6) 22 (15.7) 20 (13.7) 13 (8.4) 14 (7.2) 16 (5.0) <0.001
Smokers 24 (16.4) [146] 22 (15.7) [140] 21 (14.4) 29 (20.1) [144] 25 (13.3) [188] 35(11.0) [314] 0.08
Nulliparous 56 (38.1) 47 (33.6) 56 (38.4) 61 (41.8) 70 (35.9) 150 (46.9) 0.03
Pre-pregnancy BMI (kg/m?) 23.2(2.8) [144] 23.6(2.9) [133] 24.2 (3.5) [140] 24.3 (3.2)[145] 25.3 (4.0) [193] 24.4 (3.9) [318] <0.001
Overweight (BMI 25-29.9 kg/m?) 28 (19.4) [144] 40 (30.1) [133] 47 (33.6) [140] 58 (40.0) [145] 93 (48.2) [193] 116 (36.5) [318] <0.001
Obesity (BMI >30 kg/m?) 3(2.1)[144] 6 (4.5) [133] 11 (7.9) [140] 4 (2.8) [145] 24 (12.4) [193] 33 (10.4) [318] <0.001
Pre-pregnancy HbA . (%) 7.8 (1.8) [45] 7.6 (1.6) [58] 7.5(0.9) [62] 7.7 (1.2) [48] 7.9 (1.4) [95] 8.0 (1.4) [201] 0.03
Pre-pregnancy HbA |, (mmol/mol) 61.7 (14.2) 59.6 (12.6) 58.5(7.0) 60.7 (9.5) 62.8 (11.1) 63.9 (11.1)

First trimester HbA | (%) 7.8 (1.6) [114] 7.5 (1.3) [126] 7.4 (1.1)[134] 7.7 (1.1)[132] 7.6 (1.3)[182] 7.6 (1.2) [295] 0.77
First trimester HbA |, (mmol/mol) 61.7 (12.7) 58.5(10.1) 57.4(7.2) 60.7 (7.4) 59.6 (7.1) 59.6 (7.8)

Mid-trimester HbA ¢ (%) 6.6 (1.0) [101] 6.4 (1.1)[107] 6.4 (0.8) [125] 6.6 (0.8) [121] 6.7 (0.8) [159] 6.9 (0.9) [257] <0.001
Mid-trimester HbA ;. (mmol/mol) 48.6 (7.4) 46.4 (8.0) 46.4 (5.8) 48.6 (5.9) 49.7 (5.9) 51.9(6.8)

Last HbA . before delivery (%) 6.7 (1.2) [146] 6.7 (1.1) [138] 6.7 (0.9) [146] 6.9 (1.0) [146] 6.9 (0.9) [190] 7.0 (1.0) [314] <0.001
Last HbAlc before delivery (mmol/mol) 49.7 (7.9) 49.7 (7.2) 49.7 (6.7) 51.9(7.5) 51.9 (6.8) 53.0(7.6)

Data are mean (SD), median (range) or n (%).
The number of subjects is presented in square brackets if different.
“Linear regression analysis, Jonckheere-Terpstra trend test or Mantel-Haenszel linear-by-linear association Chi-square test



Table 5. Trends across White’s class groups in maternal characteristics of 1094 type 1 diabetes patients with a singleton delivery at Helsinki
University Hospital during 1988-2011.

Maternal characteristic White B White C White D White R White F p for trend”
n (%) 208 (19) 282 (26) 375 (34) 121 (11) 108 (10)

Age (years) 31.5(44) 29.7(5.4) 30.8 (5.2) 31.6 (4.4) 30.0 (4.9) 0.66
Age at diabetes diagnosis (years) 27 (20-41) 16 (10-32) 9 (1-35) 8 (1-23) 8 (1-21) 0.42°
Duration of diabetes (years) 4 (0-9) 13 (2-19) 22 (6-36) 24 (11-36) 20 (10-34) 0.82°
Prepregnancy BMI (kg/m®) 23.9(3.8)[207] 23.9(3.5)[278] 24.6(3.7)[371] 24.6(3.3)[116] 24.2(3.3)[101] 0.05
Smokers 30 (14.6) [206] 38 (13.6) [279] 44 (11.9) [371] 15 (12.5)[120] 29 (27.1) [107] 0.06
Nulliparous 68 (32.7) 109 (38.7) 147 (39.2) 60 (49.6) 56 (51.9) <0.001

Data are mean (SD), median (range) or n (%).

The number of subjects is presented in square brackets if different.

“Linear regression analysis, Jonckheere-Terpstra trend test or Mantel-Haenszel linear-by-linear association Chi-square test
®p values from comparisons of White’s classes D, R and F



In the total cohort, 73% of patients had been diagnosed with DM before the age of 20
years and 74% had DM duration of over 10 years. Among White’s class D patients,
43% (163/375) had background retinopathy. Among White’s class F patients, 56%
(61/108) had proliferative retinopathy. Of all patients, 26% (284/1094) had either
background or proliferative retinopathy without diabetic nephropathy.

The prepregnancy and the first trimester HbA,. levels increased across White’s
classes from B to F (p for trend <0.001 for both) but the trends of the mid-pregnancy
HbA . and the last HbA . values before delivery were not significant across classes B
to F (Figure 1). The HbA,. values decreased from the prepregnancy to the first
trimester level (p=0.02 for class B, p=0.001 for class R and p<0.001 for classes C, D
and F) and from the first trimester to the second trimester level (p<0.001 for all
White’s classes). In White’s classes B to R, the last HbA . values before delivery
were slightly higher than those measured in the second trimester (p<<0.001 for classes
B, C and D, p=0.004 for class R), but in class F no such increase was seen (p=0.07).

6.2 Hypertension during pregnancy and preeclampsia

6.2.1 Time-trends (Studies II and III)

All parturients with type 1 DM. The mean systolic BP in the first trimester and the
mean diastolic BP in all trimesters of pregnancy increased over the study period in
normotensive women with type 1 DM (Table 6). The proportion of type 1 DM
parturients who fulfilled the ADA hypertension criteria (BP >130/80 mmHg)
increased, but no change was observed in the proportion of those who fulfilled the
ACOG hypertension criteria (>140/90 mmHg) (Table 7). The frequency of
preeclampsia (19-34%) did not change during 1988-2011 (Table 7).

Parturients with diabetic nephropathy. In White’s class F parturients, BP exceeded
130/80 mmHg in 62% and 61% (p=0.87) of patients in the first trimester, and in 95%
and 93% (p=0.69) of patients in the third trimester, during 1988-1999 and 2000-2011,
respectively. In the same group of patients, BP >140/90 mmHg was recorded in 38%
and 47% in the first trimester (p=0.39) and in 87% and 81% in the third trimester
(p=0.40), during 1988-1999 and 2000-2011, respectively. The use of antihypertensive
medication use increased in this group of parturients before pregnancy (34% vs. 65%,
p=0.002) and in the second trimester (25% vs. 47%, p=0.02) and in the third trimester
of pregnancy (36% vs. 61%, p=0.01) when the two time periods were compared.

Also in type 1 DM patients with diabetic nephropathy, preeclampsia frequencies
remained high when the time periods 1988-1999 and 2000-2011 were compared (52%
vs. 42%, respectively, p=0.29). One case of eclampsia occurred in 1993.

6.2.2 Trends across White’s classes (Study IV)

Table 8 shows the trends across White’s classes in the frequencies of hypertension
during pregnancy during 1988-2011. The frequency of women with BP fulfilling the
ACOG criteria of hypertension during pregnancy (systolic BP >140 mmHg and/or
diastolic BP >90 mmHg) and the proportion of women exceeding the ADA criteria of
hypertension during pregnancy (systolic BP >130 mmHg and/or diastolic BP >80
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Figure 1. Mean HbA |, levels by White’s class in the prepregnancy period (red bars),
first trimester (blue bars), midtrimester (yellow bars) and before delivery (green bars)
in 1094 type 1 diabetes patients with a singleton childbirth at Helsinki University
Hospital during 1988-2011. Error bars represent = 1 SD.
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Table 6. Time-trends in the mean (SD) systolic (SBP) and diastolic (DBP) blood pressure levels during pregnancy in 591 normotensive (blood pressure
<140/90 mmHg throughout pregnancy) type 1 diabetes patients with a singleton childbirth at Helsinki University Hospital during 1988-2011.

1988-1991 1992-1995 1996-1999 2000-2003 2004-2007 2008-2011 p for trend”

SBP (mmHg)

1* trimester 540 114.1 (9.1) 112.6 (8.6) 113.7(9.7) 113.8 (9.9) 116.7 (9.5) 116.8 (10.4) 0.001

2" trimester 574 115.8 (8.0) 116.6 (8.8) 115.2(7.9) 118.2 (10.3) 118.7 (8.7) 115.7 (9.9) 0.64

3" trimester 579 122.7 (8.6) 121.5 (8.7) 121.9 (8.3) 122.7 (9.8) 124.0 (8.3) 122.6 (9.5) 0.49
DBP (mmHg)

1% trimester 540 69.8 (6.9) 68.9 (7.1) 67.5(7.8) 70.4 (8.4) 70.9 (6.9) 72.8 (7.5) <0.001

2" trimester 574 70.2 (6.4) 70.7 (7.1) 69.0 (6.5) 71.5(7.1) 73.0 (5.6) 71.3 (6.9) 0.01

3" trimester 579 76.9 (6.0) 74.4 (6.9) 74.8 (7.2) 75.5(6.4) 77.2(5.2) 77.2 (6.7) 0.02

“Linear regression analysis



Table 7. Time-trends in the frequencies of hypertension during pregnancy and preeclampsia among 1094 type 1 diabetes patients with a singleton childbirth
at Helsinki University Hospital during 1988-2011.

1988-1991

1992-1995

1996-1999

2000-2003

2004-2007

2008-2011

p for trend®

n

147

140

146

146

195

320

SBP > 130 mmHg or DBP > 80 mmHg"

1* trimester
2™ trimester

d .
3" trimester

SBP >140 mmHg and/or DBP >90 mmHg"

1* trimester
nd .-

2" trimester
rd -

3" trimester

Preeclampsia

34 (26.0) [131]
32 (22.1) [145]

85 (56.1) [146]

24 (18.3) [131]
24 (16.6) [145]
63 (43.2) [146]

36 (24.5)

27 (21.1) [128]
38 (27.9) [136]

77 (57.0) [135]

15 (11.7) [128]
26 (19.1) [136]
66 (48.9) [135]

48 (34.3)

36 (27.1) [133]
37 (26.4) [140]

90 (62.5) [144]

21 (15.8) [133]
24 (17.1) [140]
74 (51.4) [144]

36 (24.7)

42 (30.0) [140]
64 (45.4) [141]

96 (66.7) [144]

20 (14.3) [140]
31 (22.0) [141]
67 (46.5) [144]

28 (19.2)

64 (35.4) [181]
78 (40.6) [192]

132 (68.8) [192]

25 (13.8) [181]
32 (16.7) [192]
87 (45.3) [192]

42 (22.1)

91 (31.4) [290]
95 (31.4) [302]

210 (66.5) [316]

31 (10.7) [290]
34 (11.2) [302]
123 (38.9) [316]

69 (21.8) [317]

0.019

0.006

0.005

0.09

0.06

0.09

0.05

Data are mean (SD) or 1 (%). The number of subjects is presented in square brackets if different.
?American Diabetes Association’s criteria

®American College of Obstetricians and Gynecologists’ criteria
‘Mantel-Haenszel linear-by-linear association Chi-square test



Table 8. Trends in the frequencies of hypertension during pregnancy and preeclampsia across White's classes among 1094 type 1 diabetes patients with a
singleton childbirth at Helsinki University Hospital during 1988-2011.

White B White C White D White R White F p for trend®
n 208 (19) 282 (26) 375 (34) 121 (11) 108 (10)
SBP >140 mmHg and/or DBP >90 mmHg"
1* trimester 11 (5.7) [194] 21 (8.3) [252] 42 (12.2) [343] 20 (17.7) [113] 42 (41.6) [101] <0.001
2" trimester 17 (8.3) [204] 26 (9.7) [269] 49 (13.6) [361] 25(21.2) [118] 54 (51.4) [105] <0.001
3" trimester 53(26.2) [202] 97 (35.4) [274] 160 (42.8) [374] 80 (66.1) 90 (84.5) [106] <0.001
SBP >130 mmHg and/or DBP >80 mmHg"
1* trimester 39 (20.0) [195] 47 (18.7) [252] 100 (29.2) [343] 46 (40.7) [113] 62 (61.4)[101] <0.001
2" trimester 46 (22.5) [204] 69 (25.7) [269] 108 (29.9) [361] 51 (43.2) [118] 70 (66.7) [105] <0.001
3™ trimester 95 (47.0) [202] 155 (56.6) [274] 239 (63.9) [374] 98 (81.0) 100 (94.3) [106] <0.001
Preeclampsia 17 (8.2) 54 (19.3) [280] 93 (24.9) [374] 44 (36.5) 52 (48.1) <0.001

Data are mean (SD) on or n (%). The number of subjects is presented in square brackets if different.
“American College of Obstetricians and Gynecologists® criteria

®American Diabetes Association’s criteria

‘Mantel-Haenszel linear-by-linear association Chi-square test



mmHg) increased in all trimesters of pregnancy from White’s class B to F (Table 8).
The frequency of preeclampsia increased stepwise from White’s class B to F (Table
8). When analyzed separately, the trends of preeclampsia frequencies from White’s
class B to D (p<0.001) and D to F (p<0.001) were both significant.

6.3 Delivery mode

6.3.1 Time-trends (Studies I and III)

All parturients with type 1 DM. The elective CS rate decreased (p for trend <0.001)
and the emergency CS (p for trend <0.001) and vaginal delivery (p for trend <0.001)
rates increased during 1988-2011 (Figure 2). The total CS rate decreased from 74% in
1988-1991 to 66% in 2008-2011 (p for trend <0.001). The rate of assisted vaginal
deliveries (vacuum extraction) did not change.

Parturients with diabetic nephropathy. Among parturients with diabetic nephropathy,
the elective, emergency and total CS rates were 71% and 45% (p=0.01), 29% and
48% (p=0.05), and 100% and 93% (p=0.06), in 1988-1999 and 2000-2011,
respectively.

6.3.2 Trends across White’s classes (Study IV)

Delivery mode trends across White’s classes are depicted in Figure 3. Vaginal
delivery rates decreased from White’s class B (50%) to White’s class F (3.7/%) (p for
trend <0.001). Elective CS rates increased from White’s class B (25%) to White’s
class F (60%) (p for trend <0.001). Emergency CS rates were high (25%-36%) in all
White’s classes (p for trend =0.08).

6.4 Gestational age at delivery

6.4.1 Time-trends (Studies I and III)

All parturients with type 1 DM. Deliveries before 32 weeks of gestation became less
frequent during 1988-2011 but births before 37 gestational weeks increased (Table 9).
The frequencies of preterm deliveries before 37 gestational weeks were 41%, 50%
and 51% in normal weight, overweight and obese parturients, respectively (p=0.018)
during 1988-2011.

Parturients with diabetic nephropathy. The median (range) gestational age was 253
days (186-275) among the 108 diabetic nephropathy patients during 1988-2011. The
percentages of deliveries before 32 (14% vs. 21%, p=0.33) and 37 gestational weeks
(71% vs. 77%, p=0.49) remained high when the periods 1988-1999 and 2000-2011
were compared. Two (3.1%) patients in 1988—1999 and one (2.3%) in 2000-2011
delivered before 28 gestational weeks.

6.4.2 Trends across White’s classes (Study 1V)

The median gestational age at birth decreased and the frequency of deliveries before
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Figure 2. Time-trends in delivery mode frequencies among 1094 type 1 diabetes
patients with a singleton childbirth at Helsinki University Hospital during 1988-2011.
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Figure 3. Trends in delivery mode frequencies across White’s classes among 1094 type
1 diabetes patients with a singleton childbirth at Helsinki University Hospital during

1988-2011.
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Table 9. Time-trends in the perinatal outcomes of 1094 type 1 diabetes patients with a singleton childbirth at Helsinki University Hospital in 1988-2011.

Perinatal outcome

1988-1991

1992-1995

1996-1999

2000-2003

2004-2007

2008-2011

p for trend”

n
Perinatal mortality rate”
Gestational age (days)

Delivery <37 weeks of gestation
Delivery <32 weeks of gestation
Birth weight (g)

Relative birth weight (SD units)
Birth weight >2.0 SD units
Birth weight <-2.0 SD units
Birth weight >90™ percentile
Birth weight < 10™ percentile
Umbilical artery pH <7.05
Umbilical artery pH <7.15
NICU admission

Neonatal hypoglycemia

147
7(2.7) [258]
259 (186-284)
42 (28.6)

6(4.1)
3597 (857)

1.1(1.7)

46 (31.3)
3(2.0)
70 (47.6)

12 (8.2)
1(0.8) [124]
5(4.0) [124]
9(6.2) [146]

96 (66.2) [145]

140
7(2.7) [258]
255 (166-278)
62 (44.3)

13 (9.3)
3619 (1042)
1.6 (2.1)

54 (38.6)
6(4.3)

75 (53.6)

9 (6.4)
1(0.7)[136]
11 (8.1) [136]
24 (17.4) [138]
80 (58.0) [138]

146
2(0.8) [243]
254 (190-277)
72 (49.3)
9(6.2)
3465 (924)
1.3 (2.0)
50 (34.2)
5(3.4)
77 (52.7)
14 (9.6)
0 (0) [145]
7 (4.8) [145]
26 (17.9) [145]
74 (51.0) [145]

146
2 (0.8) [246]
253 (182-277)
78 (53.4)

11 (7.5)
3473 (876)
1.4 (1.8)

47 (32.2)
3(2.1)

78 (53.4)
9(6.2)
4(2.8)[143]
10 (7.0) [143]
39 (26.9) [145]
86 (59.3) [145]

195
5(1.5) [324]
259 (169-281)
73 (37.4)
3(1.5)
3604 (711)
1.2 (1.6)

52 (26.7)
42.1)

94 (48.2)

11 (5.6)

8 (4.2) [191]
28 (14.7) [191]
35 (18.0) [194]
96 (49.7) [193]

320
8 (2.2) [368]
258 (192-285)
156 (48.8)
5(1.6)
3689 (695)
1.6 (1.6)
126 (39.4)
3(0.9)
185 (57.8)
14 (4.4)

12 (3.9) [307]
55 (17.9) [307]
51(16.2) [315]
172 (54.6) [315]

0.47
0.30
0.009
0.001
0.17
0.06
0.50
0.08
0.14
0.06
0.002
<0.001
0.06
0.03

Data are means (SD), medians (range) or frequencies (%). The number of subjects is presented in square brackets if different.
*Linear regression analysis, Jonckheere-Terpstra trend test or Mantel-Haenszel linear-by-linear association Chi-square test

®Calculated from the total number of singleton offspring of type 1 diabetes patients during 1988-2011 (n=1697)



37 weeks increased from class B to F (Table 10). However, the trend of preterm
deliveries from White’s class B to D was not significant when analyzed separately.
Deliveries before 32 gestational weeks were more frequent in White’s class F (16.7%)
compared with the other classes (0.8-4.3%) (p<0.001 for F vs. B to R).

6.5 Absolute and relative birth weight and abnormal fetal growth

6.5.1 Time-trends (Studies I and III)

All parturients with type 1 DM. No change in absolute or relative infant birth weight
was observed during 1988-2011 (Table 9). Fetal macrosomia rates remained high (27-
39%) throughout the study period (Table 9). The frequencies of fetal macrosomia
were 32%, 41% and 35% in normal weight, overweight and obese mothers,
respectively (p=0.03). No statistically significant trend was observed in the frequency
of SGA infants during 1988-2011.

Parturients with diabetic nephropathy. The mean (SD) absolute (g) and relative (SD
units) birth weights among the infants of mothers with diabetic nephropathy were
2978 (971) and 2694 (1029) (p=0.15) and 0.5 (1.8) and 0.3 (1.8) (p=0.50) during
1988-1999 and 2000-2011, respectively. The frequencies of fetal macrosomia were
21.5% and 16.3% (p=0.50), and those of SGA infants 7.7% and 4.0% (p=1.00),
during 1988-1999 and 2000-2011, respectively.

6.5.2 Trends across White’s classes (Study IV)

The overall trends of absolute and relative birth weights and the frequency of fetal
macrosomia decreased from White’s class B to F and that of SGA infants increased
from class B to F (Table 10). However, when analyzed separately, the trends from
class B to D for fetal macrosomia or SGA infants were not statistically significant.

6.6 Umbilical artery pH, neonatal hypoglycemia and neonatal
intensive care unit admission

6.6.1 Time-trends (Studies I and III)

All parturients with type 1 DM. The time-trends of umbilical artery pH <7.05 and
<7.15, neonatal hypoglycemia and NICU admission of the newborn infants of type 1
DM women during 1988-2011 are shown in Table 9. The frequencies of umbilical
artery pH <7.05 or <7.15 increased during 1988-2011 among the infants of women
with type 1 DM. The median (range) umbilical artery pH at birth decreased from 7.25
(7.12-7.37) in 1988-1991 to 7.19 (6.88-7.38) in 2008-2001 in infants born vaginally
(p for trend <0.001). The trend of umbilical artery pH was also decreasing among the
parturients with a normal BMI (p for trend <0.001), but not among overweight or
obese parturients. The NICU admission rate remained high during 1988-2011.

Parturients with diabetic nephropathy. In a separate analysis of patients with diabetic
nephropathy, no changes in the frequencies of umbilical artery pH <7.05 (0% vs.
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Table 10. Between-group differences and trends across White’s class groups in perinatal outcomes of 1094 type 1 diabetes patients with a singleton childbirth at

Helsinki University Hospital during 1988-2011.

Perinatal outcome

White B

White C

White D

White R

White F

p for trend”

n (%)

Perinatal mortality rate”
Gestational age (days)

Delivery <37 weeks of gestation
Delivery <32 weeks of gestation
Birth weight (g)

Relative birth weight (SD units)
Birth weight >2.0 SD units
Birth weight <-2.0 SD units
Birth weight >90™ percentile
Birth weight <10™ percentile
Umbilical artery pH <7.05
Umbilical artery pH <7.15
NICU admission

Neonatal hypoglycemia

208 (19)

6 (1.8) [333]
262 (166-284)
75 (36.1)

9 (4.3)
3875 (440-5440)
1.5 (1.8)

76 (36.5)
4(1.9)

118 (56.7)
11(5.3)
4(2.0) [201]
21 (10.4) [201]
32 (15.7) [204]
113 (55.4) [204]

282 (26)

12 (2.6) [468]
260 (169-282)
112 (39.7)

10 (3.5)
3735 (400-6140)
1.6 (1.8)
107 (37.9)
3(1.1)

160 (56.7)

12 (4.3)

8 (3.0) [271]
33 (12.2) [271]
42 (15.1) [279]
155 (56.0) [277]

375 (34)
7(1.2) [587]
260 (196-285)
155 (41.3)

9 (2.4)
3740 (860-5335)
1.5 (1.7)
133 (35.5)
5(1.3)

204 (54.4)
20 (5.3)

9 (2.5) [358]
46 (12.8) [358]
53 (14.2) [373]
208 (55.8) [373]

121 (11)
1 (0.6) [166]
258 (222-278)
62 (51.2)
1(0.8)
3580 (1600-4925)
1.3 (1.6)

38 (31.4)
3(2.5)

62 (51.2)

6 (5.0)
4(3.5)[114]
9(7.9) [114]
20 (16.5)

67 (55.4)

108 (10)
5(3.5) [143]
253 (186-275)
79 (73.1)
18 (16.7)
2975 (740-4810)
0.4 (1.8)

21 (19.4)
9(8.3)

35 (32.4)
20 (18.5)
1(1.0)[102]
7(6.9) [102]
37 (34.9) [106]
61 (57.5) [106]

0.94
<0.001
<0.001

0.002
<0.001
<0.001

0.003

0.002
<0.001
<0.001

0.87

0.30

0.001

0.81

Data are means (SD), medians (range) or frequencies (%). The number of subjects is presented in square brackets if different.

“Linear regression analysis, Jonckheere-Terpstra trend test or Mantel-Haenszel linear-by-linear association Chi-square test

®Calculated from the total number of singleton offspring of type 1 diabetes patients during 1988-2011 (n=1697)



2.6%, p=0.37) or umbilical artery pH<7.15 (4.7% vs. 10.5%, p=0.42), or neonatal
hypoglycemia (60.0% vs. 53.7%, p=0.52) were observed when the periods 1988-1999
and 2000-2011 were compared. However, NICU admissions increased from 26% in
1988-1999 to 49% in 2000-2011 (p=0.02).

6.6.2 Trends across White’s classes (Study IV)

There were no significant trends across White’s classes regarding frequencies of
umbilical artery pH <7.05 or <7.15, neonatal hypoglycemia and NICU admissions
(Table 10).

6.7 Perinatal deaths (Studies I1I and IV)

Time-trends (Table 9) and trends across White’s classes (Table 10) were not
statistically significant concerning perinatal mortality. Perinatal mortality in the total
cohort during 1988-2011 was 1.8% (31/1697) in singleton pregnancies. In the
offspring diabetic nephropathy patients, perinatal mortality was 3.4% (5/147).

6.8 Risk factors of adverse obstetric and perinatal outcomes (Studies
I-1V)

All parturients with type 1 DM. Risk factors of common adverse obstetric and
perinatal outcomes in type 1 diabetic pregnancies are shown in Table 11. In multiple
logistic regression analysis, the last HbA . value before delivery >7% was associated
with preterm delivery, umbilical artery pH <7.15 at birth, fetal macrosomia, neonatal
hypoglycemia and NICU admission. First trimester BP >130/80 mmHg was
associated with preterm delivery before 37 weeks, SGA infant and NICU admission,
and reduced risk of fetal macrosomia. Maternal pre-pregnancy BMI >25 kg/m® was
associated with fetal macrosomia, delivery before 37 weeks and NICU admission, but
the associations with preterm delivery and NICU admission disappeared after
adjustments. Smoking was associated with SGA infant and decreased likelihood of
fetal macrosomia. Nulliparity was associated with pre-term delivery before 37 weeks,
SGA infant, and reduced risk of fetal macrosomia, but the association with SGA
infant disappeared after adjustments. Maternal age was associated with decreased
likelihood of NICU admission in univariate analysis but not after adjustments.

Parturients with diabetic nephropathy. Risk factors of adverse perinatal outcomes in
parturients with diabetic nephropathy were studied separately with multiple logistic
regression analysis, including maternal age (years), prepregnancy BMI (kg/m?), first
trimester BP >130/80 mmHg, second trimester proteinuria >3 g/24 h, and last HbA .
before delivery (%) as independent variables. Only variables with p<0.2 in the
univariate analyses were entered into the multiple models. First trimester BP >130/80
mmHg was associated with delivery before 37 weeks (adjusted OR [95% CI] 3.62
[1.24, 10.56]) and NICU admission (adjusted OR 3.18 [1.19, 8.53]). The last HbA,
value before delivery was associated with delivery before 37 weeks (adjusted OR 2.26
[1.28, 3.98] per increment) and umbilical artery pH <7.15 (adjusted OR 2.39 [1.05,
5.42] per increment). Second trimester proteinuria >3g/24h was associated with SGA

42



infant (adjusted OR 19.52 [1.91, 199.65]) and NICU admission (adjusted OR 6.10
[2.07, 17.96]). Maternal BMI was associated with fetal macrosomia (adjusted OR
1.24 [1.05, 1.45] per increment) and maternal age with decreased likelihood of
delivering an SGA infant (adjusted OR 0.76 [0.60, 0.96] per increment).

Association of White's class with adverse pregnancy outcomes. When the associations
of White’s class, first HbA|. in the first trimester >7% (=53 mmol/mol) and first
trimester hypertension with adverse pregnancy outcomes were studied with multiple
logistic regression analysis, White’s class predicted preeclampsia, with a stepwise
increase in odds ratios (OR) from White’s class B to F (Table 12). Also first trimester
HbA|. >7% and BP >140/90 mmHg were associated with preeclampsia. White’s
classes R and F as well as first trimester HbA . >7% were associated with delivery
before 37 weeks. First trimester BP >140/90 mmHg was associated with preterm
delivery in univariate analysis, but after adjustments the association disappeared
(Table 12). First trimester HbA . >7% predicted fetal macrosomia whereas White’s
class F and first trimester BP >140/90 mmHg were associated with reduced likelihood
of fetal macrosomia. White’s class F and first trimester HbA . >7% were associated
with NICU admission. First trimester BP >140/90 mmHg predicted NICU admission
in univariate analysis but not after adjustments (Table 12).

43



Table 11. Maternal factors predicting adverse perinatal outcomes in 1094 type 1 diabetes patients with
a singleton delivery at Helsinki University Hospital during 1988-2011.

Perinatal outcome

Maternal variable

Non-adjusted OR Adjusted OR

(95% CI)

(95% CI)*

Delivery <37 weeks of gestation

Umbilical artery pH <7.15

Macrosomia
(relative birth weight >2 SD units
or >97.7" percentile)

Small-for-gestational age
(relative birth weight <-2 SD units
or <2.3" percentile)

NICU admission

Neonatal hypoglycemia

Last HbA . before delivery >7%
First trimester BP >130/80 mmHg
Pre-pregnancy BMI >25 kg/m’
Nulliparity

Last HbA . before delivery >7%

Last HbA . before delivery >7%
Pre-pregnancy BMI >25 kg/m®
First trimester BP >130/80 mmHg
Smoking

Nulliparity

Nulliparity
First trimester BP >130/80 mmHg
Smoking

Last HbA . before delivery >7%
First trimester BP >130/80 mmHg
Pre-pregnancy BMI >25 kg/m’
Maternal age (years)®

Last HbA | before delivery >7%

2.81 (2.18-3.62)
1.92 (1.46-2.53)
1.44 (1.12-1.85)
1.31 (1.03-1.68)

1.57 (1.06-2.33)

1.97 (1.53-2.56)
1.38 (1.06-1.78)
0.67 (0.50-0.90)
0.50 (0.34-0.75)
0.48 (0.37-0.63)

3.05 (1.29-7.18)
3.02 (1.24-7.37)
2.68 (1.08-6.61)

2.39 (1.72-3.32)
1.75 (1.24-2.47)
1.74 (1.26-2.41)
0.96 (0.93-0.99)

2.39(1.72-3.32)

2.94 (2.23-3.88)
1.93 (1.43-2.60)
1.19 (0.90-1.59)
1.36 (1.04-1.80)

1.67 (1.10-2.51)

1.93 (1.46-2.57)
1.39 (1.03-1.85)
0.67 (0.48-0.92)
0.40 (0.25-0.62)
0.52 (0.39-0.69)

2.55 (0.99-6.60)
3.30 (1.31-8.34)
2.98 (1.10-8.07)

2.06 (1.44-2.95)
1.78 (1.23-2.57)
1.04 (1.00-1.10)
0.96 (0.93-1.00)

2.30(1.77-2.97)

“Independent variables used in the multiple logistic regression analyses: maternal age, BMI >25
kg/m”, nulliparity, smoking, last HbA . before delivery >7% (>53 mmol/mol) and first trimester blood
pressure (BP) >130/80 mmHg. All variables with p<(0.2 in the univariate analyses were entered into

the multiple model.

°For maternal age, odds ratios are presented per year.



Table 12. Associations of White’s class, first HbA . in the first trimester >7% (=53 mmol/mol) and first trimester hypertension with adverse
obstetric and perinatal outcomes in 1094 type 1 diabetes patients with a singleton delivery at Helsinki University Hospital during 1988-2011.

Outcome Maternal variable Non-adjusted OR Adjusted OR
(95% CI) (95% CI)
Preeclampsia White C vs. B 2.69 (1.51,4.79) 3.23 (1.60, 6.52)"
White D vs. B 3.72 (2.15, 6.44) 4.53 (2.32, 8.83)"
White R vs. B 6.42 (3.46, 11.92) 7.36 (3.51,15.40)"
White F vs. B 10.43 (5.59, 19.46) 8.65 (4.00, 18.70)"

Delivery <37 weeks of gestation

Birth weight >2 SD units (>97.7" percentile)

NICU admission

First trimester HbA . >7%
First trimester BP >140/90 mmHg

White R vs. B

White F vs. B

First trimester HbA . >7%

First trimester BP >140/90 mmHg

White F vs. B
First trimester HbA . >7%
First trimester BP >140/90 mmHg

White F vs. B
First trimester HbA . >7%
First trimester BP > 140/90 mmHg

2.38 (1.66, 3.41)
3.78 (2.60, 5.51)

1.86 (1.18, 2.94)
4.83 (2.90, 8.05)
2.49 (1.87,3.32)
1.74 (1.21, 2.50)

0.42 (0.24, 0.73)
1.70 (1.27,2.28)
0.58 (0.38,0.87)

2.88 (1.66, 4.99)
2.53 (1.65, 3.88)
2.11(1.38,3.21)

1.92 (1.29, 2.85)°
2.11 (1.36, 3.26)°

1.79 (1.07, 2.96)"
3.94 (2.16,7.18)"
2.31(1.69, 3.15)°
1.03 (0.67, 1.59)°

0.47 (0.25, 0.89)"
1.91 (1.39, 2.62)°
0.62 (0.39, 0.98)°

2.54 (1.32, 4.89)°
2.12(1.35,3.34)°
1.29 (0.78, 2.13)°

*Adjusted for first trimester blood pressure (BP) >140/90 mmHg, first trimester HbA . >7 % (=53 mmol/mol), smoking, pre-pregnancy BMI

(kg/m?).

®Adjusted for White’s class, first trimester BP >140/90 mmHg, smoking and pre-pregnancy BMI (kg/m?).
¢Adjusted for White’s class, first trimester HbA ;. >7 % (=53 mmol/mol), smoking and pre-pregnancy BMI (kg/m?).



7 DISCUSSION

7.1 Main findings

The present study revealed that the pre-pregnancy weight of Finnish parturients with
type 1 DM increased during 1988-2011, with the exception of parturients with
diabetic nephropathy. At the same time, glycemic control deteriorated in the pre-
pregnancy period and in late pregnancy and remained suboptimal in early pregnancy.
The proportion of women fulfilling the ADA criteria for hypertension (>130/80
mmHg) during pregnancy increased. Hypertension frequencies remained particularly
high in women with diabetic nephropathy, despite increased use of antihypertensive
medications. In the total cohort, the elective CS rate decreased, the emergency CS rate
increased, and the total CS rate decreased but remained above 60%.

Among the infants of type 1 DM parturients, fetal macrosomia frequencies persisted
at high levels during 1988-2011, fetal acidosis at birth increased and neonatal
hypoglycaemia decreased. NICU admission rates were high throughout the study
period. The frequencies of preeclampsia and preterm deliveries remained markedly
high, especially in pregnancies complicated by diabetic nephropathy.

In the analyses of risk factors of adverse perinatal outcomes, poor glycemic control in
early and late pregnancy was associated with delivery before 37 weeks of gestation,
fetal macrosomia, and NICU admission. Poor glycemic control in late pregnancy was
also associated with fetal acidemia at birth and neonatal hypoglycemia. Early
pregnancy BP >130/80 mmHg was associated with delivery before 37 weeks, SGA
infant and NICU admission, and reduced risk of fetal macrosomia. Maternal
overweight was associated with fetal macrosomia. White’s classes B to F predicted
preeclampsia independently of suboptimal glycemic control and hypertension, with
odds ratios increasing stepwise from class B to F. However, the utility of White’s
classification in the prediction of perinatal complications was limited.

7.2 Strengths and limitations of the study

The sample size was large and the long study period enabled the analysis of temporal
trends. The population-based design improved the generalizability of the results. On
the other hand, certain changes in clinical practice may have influenced some results
during the long study period. Furthermore, due to the retrospective study design, some
data were not available systematically in all patients, e.g. SMBG measurements,
insulin doses, or data on different markers of renal function in diabetic nephropathy
patients. For the same reason, it was not possible to collect accurate information
concerning episodes of maternal severe hypoglycemia or diabetic ketoacidosis, diet
and other lifestyle factors, or total weight gain during pregnancy. Some patients may
have had their HbA | levels controlled before pregnancy at private clinics or health
care centers and these values could not be included in the data if they were not
mentioned in admission notes. Although the sample size was large, the cohort did not
include a sufficient number of patients with macrovascular DM complications or
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diabetic neuropathy to permit statistical analyses regarding the associations of these
complications with obstetric and perinatal outcomes.

7.3 Interpretation of results

7.3.1 Maternal background characteristics

Although the age at DM diagnosis and DM duration did not change during the study
period, the frequency of patients belonging to White’s class D increased and those in
White’s class F decreased over the last two decades (Study I). This is in line with the
decreasing cumulative incidence of diabetic microangiopathy in type 1 DM patients
(Hovind et al. 2003). In the total cohort, the percentages of patients with proliferative
or background retinopathy are similar (Bell et al. 2012; Jensen et al. 2004) or
somewhat lower (Boulot et al. 2003) than reported by other population-based studies,
but variation in the definitions used may also affect the figures. The high proportions
of nulliparous patients in White’s classes R and F are likely explained by the mother’s
diabetic microangiopathy, which may influence family planning decisions.

Compared with the 15-17% smoking frequencies recorded in all Finnish pregnant
women during 1988-2010 (Varis 2012), smoking in parturients with type 1 DM was
slightly less prevalent in the last time period (Study I). In comparison, recent Swedish
(Persson et al. 2009) and British (Bell et al. 2012) studies report 18% and 22%
smoking prevalences, respectively, among type 1 diabetic parturients. In our cohort,
the frequency of smoking among patients with diabetic nephropathy was particularly
alarming (Study III), which may have contributed to the development of
microvascular complications in some of these patients (Scott et al. 2001). All in all,
considering the high risks of pregnancy complications and cardiovascular disease
associated with type 1 DM, these results call for intensified antismoking counseling as
part of DM care.

7.3.2 Maternal pre-pregnancy BMI

The increasing maternal pre-pregnancy BMI (Study I) parallels the on-going world-
wide obesity epidemic, including non-diabetic Finnish women (Vartiainen et al.
2010). Nevertheless, the type 1 diabetic parturients of our cohort are still leaner than
Finnish pregnant women on average, of whom every third is overweight and 13% are
obese (Vuori and Gissler 2013). The BMI trend in our cohort is in line with the
findings of Persson et al. (2009), who reported an increase in obese type 1 diabetic
parturients from 13.2% in 1991-1997 to 18.4% in 1998-2003 in Sweden. Similarly,
Conway et al. (2010) demonstrated in an 18-year follow-up study increases in the
frequencies of overweight and obesity among non-pregnant adult type 1 DM patients
from 28.6% and 3.4% in 1986-1988 to 42.0% and 22.7% in 2004-2007, respectively.
These trends are a cause for concern, taking into account the association of the
metabolic syndrome with progression of microvascular complications, cardiovascular
morbidity and diabetes-related mortality in type 1 DM (Chillaron et al. 2014; Thorn et
al. 2009).

Avoidance of overweight is also essential in order to minimize obstetric and perinatal
complications in diabetic pregnancies. A Swedish population based cohort study

45



involving 3457 type 1 diabetic parturients and 764 498 non-diabetic parturients
demonstrated that obesity is an independent risk factor in type 1 DM pregnancies and
when obesity and type 1 DM occur together, the risks exceed those of either condition
alone (Persson et al. 2012). The present study is in agreement with the findings of
Persson et al. (2012) who showed that overweight and obesity in type 1 diabetic
parturients increases the risk of preeclampsia, macrosomia and CS in comparison to
normal weight type 1 DM parturients. Overweight or obesity did not predict preterm
delivery in the study of Persson et al. (2012), despite their association with
preeclampsia.

Overall, the increasing trend of BMI among women with type 1 DM underlines the
need to invest in lifestyle counselling, such as medical nutritional therapy and
physical activity advice, as part of multidisciplinary DM follow-up and care (Ilanne-
Parikka 2015). The multiple daily injections approach using modern insulin analogues
allows flexible choice of foods, both healthy and unhealthy, which may increase
caloric intake and lead to weight gain if the patient’s nutritional awareness is poor
(Davison et al. 2014; DCCT Research Group 2001). Intensive insulin treatment,
which has become more common in the recent decades, may also predispose to
weight gain (Conway et al. 2010). Unfortunately, adequate data on insulin doses was
not available to be analysed in the present study.

7.3.3 Glycemic control before and during pregnancy

The present study (Studies [-IV) contributes to the pre-existing large body of evidence
on the association of maternal poor glycemic control with adverse pregnancy
outcomes (Holmes et al. 2011; Karlsson and Kjellmer 1972; Lepercq et al. 2004;
Maresh et al. 2015; Miailhe et al. 2013; Vaédrdsmaki et al. 2000). During 1988-2011,
the glycemic target for type 1 DM parturients treated at HUH was HbA ;| <7% before
and during pregnancy, in line with international and national recommendations (Table
1). However, the observed pre-pregnancy and first trimester HbA . levels exceeded
this target throughout the study period. The results are in agreement with a Finnish
report showing no improvement in glycemic control among non-pregnant adults with
type 1 DM since 1990°s (Valle et al. 2010).

The observation that poor early pregnancy glycemic control correlates with poor late
pregnancy glycemic control (Study I) and associates with various obstetric and
perinatal complications (Studies II and IV) is consistent with previous studies
(Hiilesmaa et al. 2000; Jensen et al. 2009b; Nielsen et al. 2006; Suhonen et al. 2000;
Temple 2002). The results suggest that the most intensive therapeutic efforts should
be focused on women with poor glycemic control before and in early pregnancy. Type
1 DM women who do not attend pre-pregnancy care are more likely to be
socioeconomically disadvantaged and have a low educational status compared to
women who plan their pregnancies (Glinianaia et al. 2014a; Holing et al. 1998;
Tripathi et al. 2010). The increasing pre-pregnancy HbA|, the fact that the pre-
pregnancy HbA . value was available for less than 50% of the patients, and the lack
of improvement in the first trimester HbA . levels call for new strategies to promote
utilization of pre-pregnancy care. Counselling on the importance of optimizing
glycemic control before pregnancy, and ensuring reliable contraception in case
pregnancy is not wished, could be incorporated into routine annual check-ups of
female type 1 DM patients of reproductive age.
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In all White’s classes, glycemic control improved markedly by mid-pregnancy and the
mean HbA |, levels remained below 7% until the end of pregnancy. This suggests that
better glycemic control could most likely be achieved with intensified follow-up and
care already before pregnancy, even in women with the most severe DM
complications. In late pregnancy, glycemic control deteriorated slightly in all but
White’s class F women, possibly because of increase in insulin resistance with
advancing gestation (Ryan 2003). The lack of deterioration in glycemic control in
White F patients could be due to the higher frequency of preterm deliveries in this
group or more intensive DM management.

The increasing trend in the last HbA,. levels measured before delivery (Study I)
suggests that more attention should be paid to adjusting insulin dosages promptly
according to SMBG and HbA | values. Intensified focus on diet during pregnancy and
active referral to medical nutritional therapy, if needed, could also enhance glycemic
control. A controlled diet and a structured program of light-to-moderate physical
activity have been demonstrated to assist in the achievement of good glycemic control
during pregnancy in type 1 DM (Kumareswaran et al. 2013). Maternal overweight and
obesity cause further increase in insulin resistance and insulin requirements in type 1
DM women, particularly in the second half of pregnancy (Garcia-Patterson et al.
2009). Thus, the increase in the pre-pregnancy BMI during 1988-2011 has possibly
contributed at least somewhat to the observed deterioration of late-pregnancy
glycemic control.

Overall, these results call for a more intensive follow-up and therapeutic approach
among type 1 DM women of reproductive age, in the pre-pregnancy period and
throughout pregnancy. A large population-based study from Northern England
reported improvements in glycemic control and pregnancy outcomes among obstetric
type 1 DM patients after amendments in the organization of care as well as in region-
wide audit and feedback practices (Bell et al. 2008). Provision of sufficient self-
management education is nowadays considered a central component of DM care
(Funnell et al. 2011; Ilanne-Parikka 2015)- Since pregnancy is an exceptional time in
a woman’s life, and not only metabolically but also in various other aspects, the
provision of adequate psychosocial support to keep up patient compliance and
motivation is pivotal (Ilanne-Parikka 2015).

7.3.4 Blood pressure and hypertension during pregnancy

In keeping with the results of numerous previous studies (Colatrella et al. 2010), the
frequencies of chronic hypertension as well as hypertensive disorders of pregnancy
were high in our study population of diabetic women (Studies I-IV). High rates of
hypertension have also been reported in Finland among non-pregnant type 1 DM
patients with and without albuminuria (Lithovius et al. 2014).

Despite the increasing trends in maternal pre-pregnancy BMI, only the frequencies of
borderline hypertension exceeding the ADA definition of >130/80 mmHg increased
during the study period (Study II). It is possible that no increasing trend in
hypertensive pregnancy disorders was seen because the rates of overweight and
obesity are still relatively low. Changes in the use of antihypertensive medications
during the study period could also have affected the BP trends, but unfortunately data
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on antihypertensive therapies in the patients without diabetic nephropathy have not
been collected in the present study.

A lack of physiologic mid-pregnancy nadir in systolic and diastolic BP values in type
1 DM patients was apparent in all White’s classes of type 1 DM patients in our
cohort. This could reflect inadequate hemodynamic adaption to pregnancy of the
maternal diabetes-affected vasculature (Ayala and Hermida 2013; Foo et al. 2015).
Similarly, the stepwise increase in BP levels during pregnancy from White’s class B
to F (Study IV) may indicate increasing degrees of diabetes-induced vasculopathy,
such as endothelial dysfunction, in these patients (Ladeia et al. 2014).

Considering the high frequencies of hypertension, preeclampsia and preterm births in
patients with diabetic nephropathy (Study IV), it is possible that intensified control of
BP levels starting from early pregnancy could improve outcomes at least in some of
these patients (Carr et al. 2006; Kimmerle et al. 1995; Mathiesen et al. 2012).
Antihypertensive therapy may alleviate endothelial dysfunction, impaired
vasodilation, over-activation of the renin-angiotensin-aldosterone system and cardiac
overload, which characterize preeclampsia in women with type 1 DM (Mathiesen et
al. 2012). It has also been speculated that intensive BP control might be beneficial in
parturients with diabetic nephropathy to prevent massive loss of protein leading to
hypoalbuminemia, decreased intravascular volume and reduced uteroplacental flow
(Kimmerle et al. 1995). In patients with diabetic retinopathy, aiming at normotension
is probably also beneficial in order to reduce the risk of retinopathy progression. In
our cohort, the BP levels of patients with microvascular complications commonly
exceeded 140/90 mmHg, calling for intensification of antihypertensive control.

Whether anti-hypertensive treatment should be intensified also in those pregnant
diabetic women without retinopathy or albuminuria, but with BP exceeding the ADA
criteria for hypertension during pregnancy, is currently unclear. Due to concerns that
low maternal BP might restrict fetal growth (Magee et al. 2009), the ADA
recommends that the BP of pregnant women with DM and chronic hypertension
should be controlled to 110-130/65-80 mmHg (Kitzmiller et al. 2008). No
recommendations have been issued regarding the anti-hypertensive medication of
patients with type 1 DM and gestational hypertension <160/100 mmHg (Kitzmiller et
al. 2008). However, a recent prospective randomized trial in non-pregnant women
with chronic or gestational hypertension showed lower frequencies of severe maternal
hypertension and no excess of adverse perinatal outcomes with tight control (target
diastolic BP 85 mmHg) of hypertension compared with less tight control (target
diastolic BP 100 mmHg) (Magee et al. 2015). In a small Danish prospective study of
pregestational diabetic parturients with normal kidney function but with pregnancy-
induced hypertension, treating BP to levels <135/85 mmHg did not result in changes
in fetal hemodynamics measured by Doppler flow (Pedersen et al. 2015)

7.3.5 Preeclampsia

A common concept used to explain the complex syndrome of preeclampsia is to
divide the pathological processes involved into “placental” and “maternal” (Redman
2005). The placental disease refers to impaired remodeling of uteroplacental spiral
arteries, inadequate placental perfusion and function due to abnormal placentation,
and subsequent placental and systemic oxidative stress and inflammation (Staff et al.
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2013b). The maternal disease manifests in women with metabolic, vascular or
autoimmune disorders (e.g. DM), predisposing to abnormal reactions to either these
pathological placental processes or even those related to a normal pregnancy (Roberts
and Bell 2013; Staff et al. 2013b). It has also been suggested that preeclampsia is an
“accelerator-brake disorder” in which the impaired function of the body’s protective
pathways exposed to the specific metabolic environment of pregnancy play a central
role (Ahmed and Ramma 2015).

In agreement with our results (Studies II, IIT and IV), maternal overweight, poor
glycemic control, chronic hypertension and microvascular complications have been
previously associated with preeclampsia in patients with type 1 DM (Hiilesmaa et al.
2000; Holmes et al. 2011; Howarth et al. 2007; Persson et al. 2012). Preeclampsia
rates have been shown to increase with increasing severity of DM according to
White’s classification (Bennett et al. 2015; Hanson and Persson 1998; Hiilesmaa et al.
2000; Sibai et al. 2000a). Our results (Study IV) suggest that the association of
White’s class with preeclampsia might be even more pronounced than that of
suboptimal glycemic control and chronic hypertension. It is possible that White’s
classification reflects a maternal constitution with increasing predisposition to
develop preeclampsia (Roberts and Bell 2013), i.e. accumulating maternal diabetes-
related vascular and metabolic dysfunction, possibly associated with impaired
protective metabolic pathways (Ahmed and Ramma 2015). In classes B and C this
vasculopathy and metabolic dysfunction could be related to DM duration. In classes D
to F, with similar DM duration, additional genetic, environmental and other factors
contributing to specific diabetic vascular complications could be implicated. Poor
glycemic control may further influence the maternal metabolic predisposition.
Research evidence suggests that glycemic control in the first half of pregnancy, in
particular, is significant with respect to development of preeclampsia. Hiilesmaa et al.
(2000) demonstrated that improvement in glycemic control before mid-prenancy was
linked to a reduced risk of preeclampsia whereas improvement in glycemic control in
late pregnancy did not have this effect (Hiilesmaa et al. 2000).

Already Priscilla White (White 1949) observed the particularly high risk of
preeclampsia in patients with diabetic nephropathy. Although it seems apparent that
patients with diabetic nephropathy frequently have a severe form of preeclampsia
spectrum disorder, the exact diagnosis of preeclampsia in nephropathy patients is
challenging. Various preeclampsia criteria have been used previously (Gordon et al.
1996a; Jensen et al. 2009a; Kimmerle et al. 1995; Sibai et al. 2000a). A large
proportion of our patients experienced further increase in hypertensive BP levels with
concurrent development of massive proteinuria in the second half of pregnancy,
commonly leading to preterm delivery. For this reason, a strict proteinuria criterion of
>5 g/24 h was chosen, which has also been used to define severe preeclampsia in
patients without nephropathy (ACOG 2002). Regardless of the criteria used, it may be
impossible to exactly distinguish preeclampsia from worsening of nephropathy based
on BP and proteinuria measurements (Kitzmiller et al. 1981). Even using our strict
criteria, the preeclampsia incidence was high in our patients with nephropathy, which
is in accordance with previous reports (Biesenbach et al. 2000; Ekbom et al. 2001;
Gordon et al. 1996a; Grenfell et al. 1986; Miodovnik et al. 1996; Nielsen et al. 2009).
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7.3.6 Delivery mode

Overall, CS rates were high among type 1 DM patients in this study (Studies I, IIT and
IV), in keeping with reports from several other centers (Evers 2004; Haeri et al. 2008;
Jensen et al. 2004; Lepercq et al. 2010). However, a Swedish population-based study
involving type 1 DM parturients reported a 20 percentage points lower total CS rate
compared to the 66% recorded at HUH during 2008-2011 (Persson et al. 2009). The
decrease in the elective CS rate during the study period likely reflects changes in
clinical policies concerning the obstetric management of type 1 DM parturients. Until
the year 2000, the delivery mode of choice was an elective CS in patients belonging to
White’s classes D, R and F. The increasing frequency of obesity among type 1 DM
patients may have influenced these trends by encouraging the avoidance of elective
CS in some cases, as obesity is a risk factor for surgical complications. Maternal DM
has been shown to further increase the already elevated risk of post-CS infections in
obese parturients (Leth et al. 2011). On the other hand, a pre-pregnancy BMI >25
kg/m” has been associated with increased CS rates in nulliparous type 1 DM women
in labor (Lepercq et al. 2010). In the same study, gestational weight gain exceeding 15
kg was associated with CS without labour (Lepercq et al. 2010). Thus, trends in
gestational weight gain among type 1 DM patients may also have influenced the
trends of delivery modes but unfortunately data on this risk factor was not available in
the present study. Miailhe et al. (2013) showed that an HbA;. level >6.4% before
delivery predicted an emergency CS due to an abnormal non-stress test after 32 weeks
gestation, emphasizing the importance improving late pregnancy glycemic control in
order to reduce high emergency CS rates.

On the whole, the concurrent increase in the emergency CS rate and the decreasing
trend of mean umbilical artery pH in vaginal deliveries suggest room for improvement
in the identification of those high-risk type 1 DM patients for whom vaginal delivery
may not be the optimal choice. Considering the low rates of vaginal deliveries among
patients with proliferative retinopathy (White’s class R) and diabetic nephropathy
(White’s class F), and the maternal and fetal risks related to emergency CS deliveries,
the present study suggests that elective CS should be preferred for these patients.

7.3.7 Preterm deliveries

The preterm birth rates before 37 weeks of gestation were 29-53% in the time periods
studied, in agreement with the 38-42% reported among parturients with pre-
gestational DM in other population-based or multicenter studies (Jensen et al. 2004,
Lapolla et al. 2008a; Sibai et al. 2000b). In Sweden, somewhat lower rates of
deliveries before 37 (21%) and before 32 (2.3%) weeks of gestation have been
recorded for the period 1991-2003 (Persson et al. 2009). Also in patients with diabetic
nephropathy, the preterm delivery rate was similar in the present study (Kitzmiller et
al. 1981) (Biesenbach et al. 2000; Damm et al. 2013; Kimmerle et al. 1995; Nielsen et
al. 2009, Piccoli et al. 2013) or somewhat higher (Dunne et al. 1999; Grenfell et al.
1986; Miodovnik et al. 1996; Reece et al. 1988) than in previous studies.

The association between preterm birth and early pregnancy hypertension is probably
linked to the higher frequency of preeclampsia in parturients with chronic
hypertension (Sibai et al. 2000b). As discussed earlier, a stricter BP control during
pregnancy at least in patients with diabetic kidney disease might be beneficial to
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reduce the high rates of preeclampsia and preterm deliveries (Mathiesen et al. 2012).
Poor glycemic control was associated with preterm delivery in our cohort, as well as
in previous studies (Jensen et al. 2009a; Lepercq et al. 2004; Maresh et al. 2015). Poor
glycemic control predisposes to preeclampsia, fetal macrosomia and fetal chronic
hypoxia, which are common causes of indicated preterm birth in diabetic pregnancies
(Hiilesmaa et al. 2000; Jensen et al. 2009a; Teramo et al. 2004a). Measurement of
amniotic fluid EPO levels by amniocentesis could assist in optimizing the time of
delivery of fetuses at risk of chronic fetal hypoxia (Teramo et al. 2004a).

7.3.8 Fetal growth

The high rates of macrosomia recorded throughout the study period in our cohort are
in agreement with previous reports from Finland (Védadrdsméki et al. 2000), Sweden
(Persson et al. 2009), the Netherlands (Evers et al. 2004) and the Great Britain
(Murphy et al. 2011) (Table 2). The mean relative birth weight during the last half of
the study period in our cohort (1.2-1.6 SD units) is similar to the 1.5 SD units
recorded during 1990-1999 in a Scottish study, in which no decrease was observed in
LGA rates during 1960-1999 (Johnstone et al. 2006).

A complex interplay of various maternal, fetal and placental factors determines infant
birth weight (Sacks 2007). In accordance with the Pedersen hypothesis, poor glycemic
control, in particular in late pregnancy, is a risk factor of fetal macrosomia (Studies I
and IV) (Evers et al. 2002b; Glinianaia et al. 2012; Peck et al. 1991). Maresh et al.
have recently shown that the risk of LGA infant (relative birth weight >90"
percentile) increases significantly with HbA;. >6.0 (42 mmol/mol) at 26 and 34 weeks
of gestation (Maresh et al. 2015). Thus, the worsening of glycemic control in the
second half of pregnancy (Study I), with the mean HbA . levels exceeding the above-
mentioned thresholds in both mid- and late pregnancy, has most likely promoted fetal
overgrowth in our cohort. Maresh et al. suggest that values <6.5% (<48 mmol/mol) or
even <6.0% (<42 mmol/mol) could be aimed at during pregnancy, if safely achievable
(Maresh et al. 2015). Nevertheless, it should be remembered that HbA ;. and SMBG
levels explain only a fraction of birth weight and fetal overgrowth in diabetic
pregnancies (Evers et al. 2002b; Hanson and Persson 1996; Peck et al. 1991; Penney
et al. 2003b). High rates of fetal macrosomia have been reported to occur also in type
1 DM pregnancies with apparent good glycemic control (Evers et al. 2002b; Lepercq
et al. 2001; Murphy et al. 2008), reflecting the complex etiology as well as the
deficiencies of our current methods of monitoring maternal glycemia.

Maternal overweight is another important factor associated with increased risk of fetal
macrosomia (Persson et al. 2012), as also shown in the present study (Study I).
Persson et al. (2009) reported an increase in the rate of infants with relative birth
weight >2.0 SD units from 27.6% in 1991-1997 to 35.0% in 1998-2003, in parallel
with increasing maternal overweight. In comparison, the rates of fetal macrosomia in
our cohort exceeded 30% already in 1988-1991, and were markedly high (39%) in the
last time period, even though the average pre-pregnancy BMI of our parturients was
lower than in the study by Persson et al. (2009). Differences in glycemic control
between Finnish and Swedish parturients might account for these observations, but
data on glycemia were not reported by Persson et al., disallowing comparisons.

Diabetic microvascular complications are associated with fetal growth restriction
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(Studies IIT and IV) (Glinianaia et al. 2012; Haeri et al. 2008). In our cohort, despite
the increasing pre-pregnancy BMI and late-pregnancy HbA,. levels and the
decreasing frequency of diabetic nephropathy, the frequency of fetal macrosomia did
not increase and that of SGA infants did not decrease. The observed moderate
increases in BP levels during pregnancy (Study II) and the high rates of preeclampsia
(Studies II, IIT and IV) could be speculated to play some role. Furthermore, taking
into account the very multifactorial basis of birth size, changes in various other
factors, such as maternal gestational weight gain (Evers et al. 2002b; Secher et al.
2014), lipids (Catalano and Haguel-de-Mouzon 2011; Schaefer-Graf et al. 2008), and
diet (Walsh and McAuliffe 2015), might also have affected the trends of fetal growth.
However, data on these factors was unfortunately not available for analyses.

7.3.9 Fetal acidosis at birth

Maternal hyperglycemia in late pregnancy increases the risk of fetal chronic hypoxia
(Teramo 2010). A positive correlation has been demonstrated between HbA . values
before delivery and ammiotic fluid or cord blood EPO concentrations as well as
negative correlations between amniotic fluid EPO levels and umbilical artery pH and
pO2 levels at birth (Buescher et al. 1998; Rollins et al. 1993; Teramo et al. 2004a;
Widness et al. 1990). Thus, it is possible that the observed deterioration in glycemic
control in the latter half of pregnancy, although modest, has contributed to the
increased frequency of fetal acidosis at birth (Study I).

HbA . levels reflect the average glucose level over the preceding 6-8 weeks and even
small increments this average level may reflect phenomena, such as frequent spikes of
high glucose, which may have adverse effects on the fetus. Hay (2006) showed in
late-gestation fetal sheep that constant, sustained hyperglycemia combined with
pulsatile hyperglycaemic peaks increases fetal insulin secretion, which in turn is
associated with fetal macrosomia and chronic hypoxia. Postprandial blood glucose
levels have been recognized to have particular importance in the development of
macrosomia (Combs et al. 1992). Maresh et al. (2015) demonstrated, on the other
hand, that third trimester preprandial glucose values 6.0-6.9 mmol/l are associated
with a composite adverse neonatal outcome, suggesting the importance of high fasting
and preprandial glucose. Therefore, the daily profile of the SMBG values of each
patient should be carefully followed. A study by Kerssen et al. (2006) revealed that a
minimum of ten SMBG measurements are needed to acquire sufficient information on
daily variations in blood glucose. Thus, the frequency of SMBG measurements
recommended to diabetic parturients at HUH might need to be reviewed.

Since the decreasing umbilical artery pH trend was limited to parturients with a
vaginal delivery, it is likely that the observed decrease in elective CS deliveries has
also influenced the rates of fetal acidosis at birth.

7.3.10 Neonatal hypoglycemia

The frequency of neonatal hypoglycemia was high in all White’s classes (Study IV).
In comparison, Vadrdsmaki et al. reported a neonatal hypoglycaemia frequency of
only 16% in an older Finnish population-based cohort of type 1 diabetic parturients
(Véarasméki et al. 2000). However, a different definition of hypoglycemia (blood
glucose concentration < 1.7 mmol/ | more than twice or once during administration of
i.v. glucose) probably explains the lower frequency. Evers et al. (2004) reported a
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neonatal hypoglycemia (plasma glucose < 2.6 mmol/mol) frequency of 64% among
the infants of women with type 1 DM, which is in line with our results. In the present
study, the high rates of fetal macrosomia in White’s classes B to D, and the high
frequencies of preterm and SGA infants in White’s classes R and F, have probably
contributed to these figures. The incidence of neonatal hypoglycemia decreased
during the study period, although the last HbA . before delivery increased (Study I).
This is likely due to advancements in the care of the newborn infants of type 1 DM
patients, including active early feeding practices, frequent blood glucose
measurements and prompt treatment.

7.3.11 Neonatal intensive care unit admission

Important advancements have been made in the care of newborn infants during 1988-
2011. Surfactant treatment was started at HUH in 1991 and glucocorticoid
administration to the mother in threatened preterm delivery in 1992. Nasal continuous
positive airway pressure treatment became available in the neonatal monitoring unit
of the labor ward in 2002. Despite these improvements, the decrease in the frequency
of neonatal hypoglycemia and the unchanged rates of fetal macrosomia, SGA infants
and preeclampsia, the NICU admission rate was high throughout the study period.
Bell et al. reported an opposite trend, a decrease in neonatal admissions to special
postnatal care from 69% in 1996-1998 to 35% in 2002-2004 among parturients with
pregestational (type 1 or 2) DM (Bell et al. 2008). This trend was observed after
region-wide development of audit and feedback practices in DM care and concurrent
with improvement in glycemic control during pregnancy.

In the present study, both the increased frequency of fetal acidosis at birth and the
increase in the percentage of infants born before 37 weeks of gestation may have
contributed to the high NICU admission rates in the recent years (Study I). The high
emergency CS rates, associated with an elevated likelihood of fetal distress, may also
have influenced the NICU admission frequencies. The positive association of
maternal overweight with NICU admission is likely related to the high rates of fetal
macrosomia among the infants of overweight type 1 diabetic women.

7.3.12 Perinatal deaths

In the early 1980’s, the perinatal death rate among the offspring of type 1 DM patients
was approximately 5% (Madsen 1986). During 1988-2008 at HUH, the perinatal
mortality rate was 1.8% in type 1 diabetic pregnancies (Teramo 2010). Thus, the
addition of the data for years 2009-2011 in the present study did not change the
figure. In comparison, the CEMACH report in the United Kingdom revealed a
perinatal mortality rate of 3.2% during 2003-2004 (CEMACH 2005). In a more recent
British study, Tennant et al. (2014) reported a fetal mortality rate of 3% and a
neonatal mortality rate of 0.7% in a population-based study of parturients with
pregestational DM, with no evidence of decrease in either figure during 1996-2008. A
perinatal mortality rate of 2% among the offspring of type 1 DM parturiens was
reported by a Swedish population based study, but only births after 28 weeks of
gestation were included in this figure (Persson et al. 2009).

The prediction of stillbirths is challenging, Teramo (2010) showed that over half of all

stillbirths in our cohort during 1988-2008 occurred in fetuses with normal relative
birth weight. Hypertensive pregnancy disorders may increase the risk of chronic fetal
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hypoxia (Teramo et al. 2004b) and may be accompanied by fetal growth restriction
that misleadingly “normalizes” fetal growth (Bradley et al. 1989; Haeri et al. 2008).
Poor glycemic control is a strong risk factor of perinatal death (Lauenborg et al.
2003), but the risk seems to be increased even at periconceptional HbA . levels below
7% (Jensen et al. 2009b; Nielsen et al. 2006; Tennant et al. 2014). As the risk of
stillbirth starts to increase as early as at 32 weeks of gestation in type 1 diabetic
pregnancies (Hagbard 1956; Holman et al. 2014), the practice of inducing labor or
performing a CS at 37-38 weeks of gestation is not sufficient to bring perinatal
mortality down to the level of background populations. According to recent estimates,
the relative risk of stillbirth in type 1 diabetic pregnancies between 32 and 34 weeks is
4.95 (95% CI 4.24-5.78) (Holman et al. 2014). All of the above supports the
monitoring of amniotic fluid EPO concentrations (Teramo et al. 2010), which may be
combined with the assessment of lung maturity, latest at 37 weeks, and in some cases
as early as 32 weeks of gestation, in all type 1 diabetic pregnancies.
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8. CONCLUSIONS

1. During 1988-2011, maternal pre-pregnancy overweight and obesity increased,
glycemic control before pregnancy and during the second half of pregnancy
deteriorated, and early pregnancy glycemic control remained suboptimal in women
with type 1 DM. The frequencies of most adverse perinatal outcomes either persisted
at high levels or increased. The results demonstrate that the care of reproductive-age
women with type 1 DM should be intensified both before and during pregnancy.

2. Despite the increasing trend of pre-pregnancy BMI and the worsening of late
pregnancy glycemic control in women with type 1 DM during 1988-2011, there was
no concurrent increase in the frequency of hypertensive pregnancy disorders.
However, the BP levels of type 1 DM parturients currently classified as normotensive
increased. Furthermore, the proportion of all type 1 DM parturients who exceeded the
ADA-recommended BP threshold of 130/80 mmHg during pregnancy increased.

3. Preeclampsia and preterm delivery rates remained high, and BP levels as well as
early pregnancy glycemic control suboptimal, in parturients with diabetic nephropathy
during 1988-2011. The high frequency of hypertension throughout pregnancy despite
the increased use of antihypertensive medications calls for more attention to
controlling BP in type 1 DM parturients with diabetic kidney disease.

4. White’s classification is useful in estimating the risk of preeclampsia in early
pregnancy independently of suboptimal glycemic control and hypertension.
However, its contemporary utility in predicting other adverse pregnancy outcomes in
women with type 1 DM seems limited when information on first trimester HbA ., BP
and diabetic microvascular complications is available.

5. Future investigations should explore:

1) Factors behind the persisting poor glycemic control among reproductive-
age women with type 1 DM before and during pregnancy.

2) Possible areas of improvement concerning the availability, accessibility and
quality of care provided to type 1 DM women before and during pregnancy.

3) Time-trends in the indications for CS deliveries in type 1 DM parturients.

4) New methods for antenatal diagnosis of fetal hypoxia, assessment of fetal
body composition and diagnosis of feto-pelvic disproportion to optimize the
timing and mode of delivery in type 1 DM patients.

5) Possible associations of hypertension of different degrees of severity during
pregnancy, different targets of anti-hypertensive treatment, and different
hypertensive complications of pregnancy, with short- and long-term outcomes
in type 1 DM women and their offspring.

6) Possible shared genetic and other risk factors between specific diabetic
vascular complications and adverse pregnancy outcomes in type 1 DM.

55



6. Suggested actions:

1) Increasing the awareness of diabetic women of reproductive age, and that of
health care providers, of the importance of optimizing glycemic control before
pregnancy.

2) Ensuring the availability and accessibility of multidisciplinary and
individualized DM care before and during pregnancy, including e.g.
individually tailored follow-up by DM nurses, internists and obstetricians as
well as sufficient self-management education, psychosocial support, physical
activity advice and medical nutritional therapy.

56



9. ACKNOWLEDGEMENTS

This study was carried out during 2008-2015 at the Department of Obstetrics and
Gynecology, Helsinki University Hospital. I sincerely thank the former and the
current academic Heads of Department, professor Olavi Ylikorkala, professor Jorma
Paavonen, and professor Juha Tapanainen, and the administrative Heads of
Department, professor Maija Haukkamaa, docent Jari Sjoberg and professor Seppo
Heinonen, for providing an excellent working environment. Furthermore, I wish to
thank the former and the current Head of the National Graduate School of Clinical
Investigation, professor Markku Heikinheimo and professor Antti Mékitie, for giving
me an opportunity to carry out my research project in the graduate school.

I extend my most profound thanks and appreciation to my main supervisor and
mentor, professor Kari Teramo. Kari has not only introduced me to research in the
field of diabetes in pregnancy but also stimulated my fascination with perinatology in
general. I am also indebted to him for introducing me to a large network of his
international research contacts and friends at the inspiring annual meetings of the
Diabetic Pregnancy Study Group. I am grateful to Kari for in-depth teaching on
various topics, in particular on fetal hypoxia, countless meaningful discussions over
the years, as well as prompt feedback on my work. His ever-enthusiastic attitude
toward research is respectable. Finally, I must commend Kari for being an extremely
baby-friendly supervisor.

Docent Hannele Laivuori, my other supervisor, also deserves special thanks and
appreciation. Hannele has taught me a lot about hypertensive disorders of pregnancy
and genetics, but I equally value the various other types of excellent guidance I have
received concerning e.g. research planning and methodology, fundraising and
research group management. I admire her hardworking and energetic attitude,
patience and diplomatic manner. Hannele, together with her whole research group and
staff, has also been very baby-friendly and accommodating towards my girls attending
meetings and crawling on the floors of her laboratory.

I sincerely thank docent Kaj Metsdrinne and docent Ulla Ekblad, the official
reviewers of this thesis, for the quick review process and critical comments, which
helped me improve the thesis manuscript.

I acknowledge the important encouragement and useful advice provided by professor
Oskari Heikinheimo and Mervi Viisdnen-Tommiska, MD, PhD, my thesis committee
members.

I am grateful to professor Risto Kaaja for giving me the idea of doing my PhD on
diabetic pregnancies, linking me up with Kari, and for teaching me in the early phases
of the RADIEL study how pregnancy is “a window to the future health of a woman”.

I warmly thank my co-authors, docent Vilho Hiilesmaa, docent Minna Tikkanen,
docent Mika Nuutila, and Anneli Kari, MD, PhD, for their prompt and insightful
comments on my manuscripts as well as our regular discussions. Ville has also
provided invaluable advice in biostatistics. Thanks to Ville’s expertize and the Brazil-
Finland time difference, I have often been delighted by instant solutions to urgent
statistics problems in the middle of the night.

57



I greatly appreciate the substantial assistance provided by research nurse Hilkka
Puttonen. She has done years of high-quality work in collecting requested pieces of
data from patient histories in her diligent and meticulous style. Hilkka’s tips and
guidance on extracting data from microfilms and old patient files was essential when I
prepared the database for Study III.

I thank docent Esa Haméldinen for providing detailed information on various
laboratory methods during the preparation of each manuscript.

I am grateful for the knowledge and skills I have gained by working, in parallel with
my PhD study, in other research projects concerning diabetic and hypertensive
pregnancies. I would like to extend my sincere thanks to docent Heikki Koistinen,
docent Eero Kajantie, professor Sture Andersson, Leena Rahkonen, MD, PhD, Beata
Stach-Lempinen, MD, PhD, and the RADIEL study group for many types of training
and guidance. I have also highly valued the group spirit and support provided by the
“Pregnancy and Genes” research group. Thanks to Tea Kaartokallio, Inkeri Lokki and
Eija Kortelainen for assisting in some practical matters during the last months.

I have really enjoyed the pleasant workplace atmosphere and kind encouragement
provided by my colleagues at the Department of Obstetrics and Gynecology and
Katiloopisto Maternity Hospital, Helsinki, and at South Karelia Central Hospital,
Lappeenranta. I am grateful to Antti Valpas, chief physician, MD, PhD, for giving me
the chance to take research leaves from clinical work.

Warm thanks to professor emeritus Helena Hurme for the eagle-eyed proofreading of
the thesis manuscript and for designing the cover image from an old photograph.

Thanks to my good friends Niina Markkula and Johanna Sarlio-Nieminen for all the
important chats over the years.

I am grateful to my mother, Pirjo, for providing the best possible babysitting during
various research meetings and conferences.

To my brother Miika and sister Mirka in Canada: I really hope to see you more often
in the next few years!

Finally, I owe enormous thanks to my darlings Ante, Molly and Mona for being in my
life and keeping my priorities straight. Special thanks to Ante “Dr. MacGyver”
Pettersson for providing many kinds of technical assistance on a 24/7 basis.

In addition to the National Graduate School of Clinical Investigation, this study has
been financially supported by the Paulo Foundation, the Research Foundation of the
University of Helsinki, the Viipuri Tuberculosis Foundation, the South Karelia
Medical Society, the Maud Kuistila Memorial Foundation, the Finnish Medical
Foundation, the Diabetes Research Foundation, and the Research Foundation for
Obstetrics and Gynaecology.

Lappeenranta, October 2015

Miira Klemetti

58



10. REFERENCES

Achong N, Duncan EL, McIntyre HD, Callaway L. Peripartum management of glycemia in
women with type 1 diabetes. Diabetes Care 2014;37:364-71.

Agatisa PK, Ness RB, Roberts JM, Costantino JP, Kuller LH, McLaughlin MK. Impairment
of endothelial function in women with a history of preeclampsia: an indicator of
cardiovascular risk. Am J Physiol Heart Circ Physiol 2004;286:H1389-93.

Ahmed A, Ramma W. Unravelling the theories of pre-eclampsia: are the protective pathways
the new paradigm? Br J Pharmacol 2015;172:1-13.

Ahmed SB, Bentley-Lewis R, Hollenberg NK, Graves SW, Seely EW. A comparison of
prediction equations for estimating glomerular filtration rate in pregnancy. Hypertens
Pregnancy 2009;28:243-55.

Airaksinen KE, Ikaheimo MJ, Salmela PI, Kirkinen P, Linnaluoto MK, Takkunen JT.
Impaired cardiac adjustment to pregnancy in type I diabetes. Diabetes Care 1986;9:376-83.

Airaksinen KE, Salmela PI. Pregnancy is not a risk factor for a deterioration of autonomic
nervous function in diabetic women. Diabet Med 1993;10:540-2.

Akbari A, Lepage N, Keely E, Clark HD, Jaffey J, MacKinnon M, Filler G. Cystatin-C and
beta trace protein as markers of renal function in pregnancy. BJOG 2005;112:575-8

Albers JW, Pop-Busui R. Diabetic neuropathy: mechanisms, emerging treatments, and
subtypes. Curr Neurol Neurosci Rep 2014;14:473—-11.

Albert TJ, Landon MB, Wheller JJ, Samuels P, Cheng RF, Gabbe S. Prenatal detection of
fetal anomalies in pregnancies complicated by insulin-dependent diabetes mellitus. Am J
Obstet Gynecol 1996;174:1424-8.

American College of Obstetricians and Gynecologists. ACOG practice bulletin. Antepartum
fetal surveillance. Int J] Gynaecol Obstet 2000;68:175-85.

American College of Obstetricians and Gynecologists. ACOG Committee on Obstetric
Practice. Practice bulletin #33: diagnosis and management of preeclampsia and eclampsia.
Obstet Gynecol 2002;99:159-67.

American College of Obstetricians and Gynecologists. ACOG practice bulletin No. 60.
Clinical management guidelines for obstetrician-gynecologists. Pregestational diabetes

mellitus. Obstet Gynecol 2005;105:675-85.

American Diabetes Association. Physical activity/exercise and diabetes. Diabetes Care
2004;27:S58-62.

American Diabetes Association, Workgroup on Hypoglycemia. Defining and reporting
hypoglycemia in diabetes: a report from the American Diabetes Association Workgroup on

Hypoglycemia. Diabetes Care 2005;28:1245-9.

American Diabetes Association. Standards of medical care in diabetes--2011. Diabetes Care
2010;34:S11-S61.

Antonetti DA, Klein R, Gardner TW. Diabetic retinopathy. N Engl ] Med 2012;366:1227-39.

59



Arun CS, Taylor R. Influence of pregnancy on long-term progression of retinopathy in
patients with type 1 diabetes. Diabetologia 2008;51:1041-5.

Ayala DE, Hermida RC. Ambulatory blood pressure monitoring for the early identification of
hypertension in pregnancy. Chronobiol Int 2013;30:233-59.

Bell R, Bailey K, Cresswell T, Hawthorne G, Critchley J, Lewis-Barned N; Northern Diabetic
Pregnancy Survey Steering Group.Trends in prevalence and outcomes of pregnancy in
women with pre-existing type I and type II diabetes. BJOG 2008;115:445-52.

Bell R, Bailey K, Cresswell T, Hawthorne G, Critchley J, Lewis-Barned N; Northern Diabetic
Pregnancy Survey Steering Group. Peri-conception hyperglycaemia and nephropathy are
associated with risk of congenital anomaly in women with pre-existing diabetes: a population-
based cohort study. Diabetologia 2012;55:936-47.

Bennett SN, Tita A, Owen J, Biggio JR, Harper LM. Assessing White’s classification of
pregestational diabetes in a contemporary diabetic population. Obstet Gynecol
2015;125:1217-23.

Berhan Y, Waernbaum I, Lind T, Mollsten A, Dahlquist G, Swedish Childhood Diabetes
Study Group. Thirty years of prospective nationwide incidence of childhood type 1 diabetes:
the accelerating increase by time tends to level off in Sweden. Diabetes Care 2011;60:577-81.

Biesenbach G, Grafinger P, Zazgornik J, Stoger H. Perinatal complications and three-year
follow up of infants of diabetic mothers with diabetic nephropathy stage IV. Ren Fail
2000;22:573-80.

Bojestig M, Arnqvist HJ, Hermansson G, Karlberg BE, Ludvigsson J. Declining incidence of
nephropathy in insulin-dependent diabetes mellitus. N Engl J Med 1994;6;330:15-8.

Boulot P, Chabbert-Buffet N, d'Ercole C, Floriot M, Fontaine P, Fournier A, Gillet JY, Gin H,
Grandperret-Vauthier S, Geudj AM, Guionnet B, Hauguel-de-Mouzon S, Hieronimus S,
Hoffet M, Jullien D, Lamotte MF, Lejeune V, Lepercq J, Lorenzi F, Mares P, Miton A,
Penfornis A, Pfister B, Renard E, Rodier M, Roth P, Sery GA, Timsit J, Valat AS,
Vambergue A, Verier-Mine O; Diabetes and Pregnancy Group, France. French multicentric
survey of outcome of pregnancy in women with pregestational diabetes. Diabetes Care
2003;26:2990-3.

Braak ter EWMT, Evers IM, Willem Erkelens D, Visser GHA. Maternal hypoglycemia
during pregnancy in type 1 diabetes: maternal and fetal consequences. Diabetes Metab Res
Rev 2002;18:96-105.

Bradley RJ, Nicolaides KH, Brudenell JM. Are all infants of diabetic mothers "macrosomic"?
BM1J 1989;298:319-20.

Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. Diabetes
2005;54:1615-25.

Buchanan TA, Metzger BE, Freinkel N, Bergman RN. Insulin sensitivity and B-cell
responsiveness to glucose during late pregnancy in lean and moderately obese women with
normal glucose tolerance or mild gestational diabetes. Am J Obstet Gynecol 1990;162:1008—
14.

Buchbinder A, Sibai BM, Caritis S, Macpherson C, Hauth J, Lindheimer MD, Klebanoff M,
Vandorsten P, Landon M, Paul R, Miodovnik M, Meis P, Thurnau G; National Institute of

60



Child Health and Human Development Network of Maternal-Fetal Medicine Units.
Adverse perinatal outcomes are significantly higher in severe gestational hypertension than in
mild preeclampsia. Am J Obstet Gynecol 2002;186:66—71.

Buescher U, Hertwig K, Wolf C, Dudenhausen JW. Erythropoietin in amniotic fluid as a
marker of chronic fetal hypoxia. Int J Gynaecol Obstet 1998;60:257—63.

Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, Fonseca V, Gerstein HC,
Grundy S, Nesto RW, Pignone MP, Plutzky J, Porte D, Redberg R, Stitzel KF, Stone NJ;
American Heart Association; American Diabetes Association. Primary prevention of
cardiovascular diseases in people with diabetes mellitus: A scientific statement from the
American Heart Association and the American Diabetes Association. Diabetes Care
2006;30:162-72.

Butte NF. Carbohydrate and lipid metabolism in pregnancy: normal compared with
gestational diabetes mellitus. Am J Clin Nutr 2000;71:S1256-61.

Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman EL.Diabetic neuropathy: clinical
manifestations and current treatments. Lancet Neurol 2012;11:521-34. (a)

Callaghan BC, Hur J, Feldman EL. Diabetic neuropathy: one disease or two?. Current Opin
Neurol 2012;25:536-41. (b)

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee, Thompson D,
Berger H, Feig D, Gagnon R, Kader T, Keely E, Kozak S, Ryan E, Sermer M, Vinokuroff C.
Diabetes and pregnancy. Can J Diabetes 2013;37:S168-83.

Carr DB, Koontz GL, Gardella C, Holing EV, Brateng DA, Brown ZA, Easterling TR.
Diabetic nephropathy in pregnancy: suboptimal hypertensive control associated with preterm
delivery. Am J Hypertens 2006;19:513-9.

Carroll MA, Yeomans ER. Diabetic ketoacidosis in pregnancy. Crit Care Med 2005;33:S347—
53.

Catalano PM, Tyzbir ED, Roman NM, Amini SB, Sims EA. Longitudinal changes in insulin
release and insulin resistance in nonobese pregnant women. Am J Obstet Gynecol
1991;165:1667-72.

Catalano PM. Obesity, insulin resistance, and pregnancy outcome. Reproduction
2010;140:365-71.

Catalano PM, Haguel-de Mouzon S. Is it time to revisit the Pedersen hypothesis in the face of
the obesity epidemic? Am J Obstet Gynecol 2011;204:479-87.

CEMACH. Pregnancy in women with type 1 and type 2 diabetes 2002-2003. England, Wales
and Northern Ireland. London: Confidential Enquiry into Maternal and Child Health 2005:1—
98.

Ceriello A, Esposito K, Thnat M, Thorpe J, Giugliano D. Effect of acute hyperglycaemia,
long-term glycaemic control and insulin on endothelial dysfunction and inflammation in type

1 diabetic patients with different characteristics. Diabet Med 2009;27:911-7.

Chillarén JJ, Flores Le-Roux JA, Benaiges D, Pedro-Botet J. Type 1 diabetes, metabolic
syndrome and cardiovascular risk. Metabolism 2014;63:181-7.

61



Chimen M, Kennedy A, Nirantharakumar K, Pang TT, Andrews R, Narendran P. What are
the health benefits of physical activity in type 1 diabetes mellitus? A literature review.
Diabetologia 2011;55:542-51.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW,
Materson BJ, Oparil S, Wright JT Jr, Roccella EJ; Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure. National Heart, Lung, and
Blood Institute; National High Blood Pressure Education Program Coordinating Committee.
Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension 2003;42:1206-52.

Cirillo M. Definition of kidney dysfunction as a cardiovascular risk factor. Use of urinary
albumin excretion and estimated glomerular filtration rate. Arch Intern Med 2008;168:617-8.

Ciulla TA, Amador AG, Zinman B. Diabetic retinopathy and diabetic macular edema:
pathophysiology, screening, and novel therapies. Diabetes Care 2003;26:2653—-64.

Colatrella A, Loguercio V, Mattei L, Trappolini M, Festa C, Stoppo M, Napoli A.
Hypertension in diabetic pregnancy: impact and long-term outlook. Best Pract Res Clin
Endocrinol Metab 2010;24:635-51.

Collins R, Armitage J, Parish S, Sleigh P, Peto R; Heart Protection Study Collaborative
Group. MRC/BHF Heart Protection Study of cholesterol-lowering with simvastatin in 5963
people with diabetes: a randomised placebo-controlled trial. Lancet 2003; 361:2005—16.

Combs CA, Gunderson E, Kitzmiller JL, Gavin LA, Main EK. Relationship of fetal
macrosomia to maternal postprandial glucose control during pregnancy. Diabetes Care
1992;15:1251-7.

Conway B, Miller RG, Costacou T, Fried L, Kelsey S, Evans RW, Orchard TJ. Temporal
patterns in overweight and obesity in type 1 diabetes. Diabet Med 2010;27:398—404.

Cormier CM, Martinez CA, Refuerzo JS, Monga M, Ramin SM, Saade G, Blackwell
SC.White's classification of diabetes in pregnancy in the 21st century: Is it still valid? Am J
Perinatol 2009;27:349-52.

Cormier C, Landon MB, Lai Y, Spong CY. White's classification of maternal diabetes and
vaginal birth after cesarean success in women undergoing a trial of labor. Obstet Gynecol
2010;115:60-4.

Cundy T, Slee F, Gamble G, Neale L. Hypertensive disorders of pregnancy in women with
type 1 and type 2 diabetes. Diabet Med 2002;19:482-9.

Dahlquist G. Urinary albumin excretion rate and glomerular filtration rate in the prediction of
diabetic nephropathy; a long-term follow-up study of childhood onset type-1 diabetic patients.
Nephrol Dial Transplant 2001;16:1382-6.

Damm JA, Asbjornsdottir B, Callesen NF, Mathiesen JM, Ringholm L, Pedersen BW,
Mathiesen ER. Diabetic nephropathy and microalbuminuria in pregnant women with type 1
and type 2 diabetes: prevalence, antihypertensive strategy, and pregnancy outcome. Diabetes
Care 2013;36:3489-94.

Davison KA, Negrato CA, Cobas R, Matheus A, Tannus L, Palma CS, Japiassu L, Carneiro

JR, Rodacki M, Zajdenverg L, Aratijo NB, Cordeiro MM, Luescher JL, Berardo RS, Nery M,
Cani C, do Carmo A Marques M, Calliari LE, Noronha RM, Manna TD, Savoldelli R, Penha

62



FG, Foss MC, Foss-Freitas MC, de Fatima Guedes M, Dib SA, Dualib P, Silva SC, Sepulveda
J, Sampaio E, Rea RR, Faria AC, Tschiedel B, Lavigne S, Cardozo GA, Pires AC, Robles FC,
Azevedo M, Canani LH, Zucatti AT, Coral MH, Pereira DA, Araujo LA, Pedrosa HC,
Tolentino M, Prado FA, Rassi N, Araujo LB, Fonseca RM, Guedes AD, Mattos OS, Faria M,
Azulay R, Forti AC, Facanha CF, Montenegro R Jr, Montenegro AP, Melo NH, Rezende KF,
Ramos A, Felicio JS, Santos FM, Jezini DL, Gomes MB; Brazilian Type 1 Diabetes Study
Group (BrazDiab1SG). Relationship between adherence to diet, glycemic control and
cardiovascular risk factors in patients with type 1 diabetes: a nationwide survey in Brazil.
Nutr J 2014;13:19. doi: 10.1186/1475-2891-13-19.

de Valk HW, Visser GHA. Insulin during pregnancy, labour and delivery. Best Pract Res Clin
Obstet Gynaecol 2011;25:65-76.

Demarini S, Mimouni F, Tsang RC, Khoury J, Hertzberg V. Impact of metabolic control of
diabetes during pregnancy on neonatal hypocalcemia: a randomized study. Obstet Gynecol
1994,83:918-22.

Diabetes Control and Complications Trial Research Group. The effect of intensive treatment
of diabetes on the development and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med 1993;329:977-86.

Diabetes Control and Complications Trial Research Group. Pregnancy outcomes in the
Diabetes Control and Complications Trial. Am J Obstet Gynecol 1996;174:1343-53.

Diabetes Control and Complications Trial Research Group. Hypoglycemia in the Diabetes
Control and Complications Trial. Diabetes 1997;46:271-86.

Diabetes Control and Complications Trial Research Group. Effect of pregnancy on
microvascular complications in the diabetes control and complications trial. The Diabetes
Control and Complications Trial Research Group. Diabetes Care 2000;23:1084-91.

Diabetes Control and Complications Trial Research Group. Influence of intensive diabetes
treatment on body weight and composition of adults with type 1 diabetes in the Diabetes
Control and Complications Trial. Diabetes Care 2001;24:1711-21.

Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Research Group. Effect of intensive diabetes treatment on albuminuria in type
1 diabetes: long-term follow-up of the Diabetes Control and Complications Trial and
Epidemiology of Diabetes Interventions and Complications study. Lancet Diabetes
Endocrinol 2014;2:793-800.

Diabetes (online). Current Care Guidelines. Working group set up by the Finnish Medical
Society Duodecim, Finnish Society for Internal Medicine and Finnish Diabetes Association.
Helsinki: The Finnish Medical Society Duodecim, 2013 (Referred August 5, 2015). Available
online at: www.kaypahoito.fi

Diabetic retinopathy (online). Current Care Guidelines. Working group set up by the Finnish
Medical Society Duodecim, Finnish Ophtalmological Society and Finnish Diabetes
Association. Helsinki: The Finnish Medical Society Duodecim, 2014. (Referred August 5,
2015). Available online at: www.kaypahoito.fi

Dunn PM. Dr Priscilla White (1900-1989) of Boston and pregnancy diabetes. Arch Dis Child
Fetal Neonatal Ed 2004;89:F276-8.

Dunne FP, Chowdhury TA, Hartland A, Smith T, Brydon PA, McConkey C, Nicholson HO.

63



Pregnancy outcome in women with insulin-dependent diabetes mellitus complicated by
nephropathy. QIM 1999;92:451-4.

Eidem I, Stene LC, Henriksen T, Hanssen KF, Vangen S, Vollset SE, Joner G. Congenital
anomalies in newborns of women with type 1 diabetes: nationwide population-based study in
Norway, 1999-2004. Acta Obstet Gynecol Scand 2010;89:1403—11.

Ekbom P, Damm P, Feldt-Rasmussen B, Feldt-Rasmussen U, Melvig J, Mathiesen ER.
Pregnancy outcome in type 1 diabetic women with microalbuminuria. Diabetes Care
2001;24:1739-44.

Epstein M, Sowers JR. Diabetes mellitus and hypertension. Hypertension 1992;19:403—-18.

Eriksson UJ, Cederberg J, Wentzel P. Congenital malformations in offspring of diabetic
mothers--animal and human studies. Rev Endocr Metab Disord 2003;4:79-93.

Eriksson UJ. Congenital anomalies in diabetic pregnancy. Semin Fetal Neonatal Med
2009;14:85-93.

Escobar J, Teramo KA, Stefanovic V, Andersson S, Asensi MA, Arduini A, Cubells E, Sastre
J, Vento M. Amniotic fluid oxidative and nitrosative stress biomarkers correlate with fetal
chronic hypoxia in diabetic pregnancies. Neonatology 2013;103:193-8.

Evers IM, Braak ter EWMT, de Valk HW, van Der Schoot B, Janssen N, Visser GHA. Risk
indicators predictive for severe hypoglycemia during the first trimester of type 1 diabetic
pregnancy. Diabetes Care 2002;25:554-9. (a)

Evers IM, de Valk HW, Mol BWJ, Braak ter EWMT, Visser GHA. Macrosomia despite good
glycaemic control in type I diabetic pregnancy; results of a nationwide study in The
Netherlands. Diabetologia 2002;45:1484-9. (b)

Evers IM. Risk of complications of pregnancy in women with type 1 diabetes: nationwide
prospective study in the Netherlands. BMJ 2004;328:915.

Feig DS, Lipscombe LL, Tomlinson G, Blumer I. Breastfeeding predicts the risk of childhood
obesity in a multi-ethnic cohort of women with diabetes. J Matern Fetal Neonatal Med
2011;24:511-5.

Feig DS, Hwee J, Shah BR, Booth GL, Bierman AS, Lipscombe LL. Trends in incidence of
diabetes in pregnancy and serious perinatal outcomes: A large, population-based study in

Ontario, Canada, 1996-2010. Diabetes Care 2014;37:1590-6.

Foo L, Tay J, Lees CC, McEniery CM, Wilkinson IB. Hypertension in pregnancy: natural
history and treatment options. Curr Hypertens Rep 2015;17:36.

Forssas E, Arffman M, Koskinen S, Reunanen A, Keskimaki I. Socioeconomic differences in
mortality among diabetic people in Finland. Scand J Public Health 2010;38:691-8.

Forssas E, Manderbacka K, Arffman M, Keskiméki I. Socio-economic predictors of mortality
among diabetic people. Eur J Public Health 2012;22:305-10.

Freccero C, Svensson H, Bornmyr S, Wollmer P, Sundkvist G. Sympathetic and
parasympathetic neuropathy are frequent in both type 1 and type 2 diabetic patients. Diabetes
Care 2004;27:2936-41.

Fuhrmann K, Reiher H, Semmler K, Fischer F, Fischer M, Glockner E. Prevention of

64



congenital malformations in infants of insulin-dependent diabetic mothers. Diabetes Care
1983;6:219-23.

Funnell MM, Brown TL, Childs BP, Haas LB, Hosey GM, Jensen B, Maryniuk M, Peyrot M,
Piette JD, Reader D, Siminerio LM, Weinger K, Weiss MA. National standards for diabetes
self-management education. Diabetes Care 2011;34:S89-96.

Gabbe SG, Graves CR. Management of diabetes mellitus complicating pregnancy. Obstet
Gynecol 2003;102:857-68.

Gandhi JA, Zhang XY, Maidman JE. Fetal cardiac hypertrophy and cardiac function in
diabetic pregnancies. Am J Obstet Gynecol 1995;173:1132-6.

Garcia-Patterson A, Gich I, Amini SB, Catalano PM, de Leiva A, Corcoy R. Insulin
requirements throughout pregnancy in women with type 1 diabetes mellitus: three changes of
direction. Diabetologia 2009;53:446-51.

Garne E, Loane M, Dolk H, Barisic I, Addor M-C, Arriola L, Bakker M, Calzolari E, Matias
Dias C, Doray B, Gatt M, Melve KK, Nelen V, O'Mahony M, Pierini A, Randrianaivo-
Ranjatoelina H, Rankin J, Rissmann A, Tucker D, Verellun-Dumoulin C, Wiesel A. Spectrum
of congenital anomalies in pregnancies with pregestational diabetes. Birth Defects Res A Clin
Mol Teratol 2012;94:134-40.

Georgieff MK, Landon MB, Mills MM, Hedlund BE, Faassen AE, Schmidt RL, ¢ Ophoven
JJ, Widness JA. Abnormal iron distribution in infants of diabetic mothers: spectrum and
maternal antecedents. J Pediatr 1990;117:455-61.

Georgieff MK, Schmidt RL, Mills MM, Radmer WJ, Widness JA. Fetal iron and cytochrome
¢ status after intrauterine hypoxemia and erythropoietin administration. Am J Physiol
1992;262:R485-91.

Gewolb IH, O'Brien J. Surfactant secretion by type II pneumocytes is inhibited by high
glucose concentrations. Exp Lung Res 1997;23:245-55.

Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ Res
2010;107:1058-70.

Glinianaia SV, Tennant PWG, Crowder D, Nayar R, Bell R. Fifteen-year trends and
predictors of preparation for pregnancy in women with pre-conception type 1 and type 2
diabetes: a population-based cohort study. Diabet Med 2014;31:1104—-13. (a)

Glinianaia SV, Tennant PW, Bilous RW, Rankin J, Bell R. HbA ;) and birthweight in women
with pre-conception type 1 and type 2 diabetes: a population-based cohort study. Diabetologia
2012;55:3193-203. (b)

Gordin D, Ronnback M, Forsblom C, Heikkila O, Saraheimo M, Groop PH. Pre-eclampsia
but not pregnancy-induced hypertension is a risk factor for diabetic nephropathy.
Diabetologia 2007;50:1808—14.

Gordin D, Kaaja R, Forsblom C, Hiilesmaa V, Teramo KA, Groop P-H. Pre-eclampsia and
pregnancy-induced hypertension are associated with severe diabetic retinopathy in type 1

diabetes later in life. Acta Diabetol 2012;50:781-7.

Gordin D, Forsblom C, Groop P-H, Teramo KA, Kaaja R. Risk factors of hypertensive
pregnancies in women with diabetes and the influence on their future life. Ann Med

65



2014;46:1-5.

Gordon M, Landon MB, Samuels P, Hissrich S, Gabbe SG. Perinatal outcome and long-term
follow-up associated with modern management of diabetic nephropathy. Obstet Gynecol
1996:87:401-9. (a)

Gordon MC, Landon MB, Boyle J, Stewart KS, Gabbe SG. Coronary artery disease in
insulin-dependent diabetes mellitus of pregnancy (class H): a review of the literature. Obstet
Gynecol Surv 1996;51:437-44. (b)

Grenfell A, Brudenell JM, Doddridge MC, Watkins PJ. Pregnancy in diabetic women who
have proteinuria. QJM 1986;59:379-86.

Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. Diabetic
nephropathy: diagnosis, prevention, and treatment. Diabetes Care 2005;28:164-76.

Guo R-X, Yang L-Z, Li L-X, Zhao X-P. Diabetic ketoacidosis in pregnancy tends to occur at
lower blood glucose levels: Case-control study and a case report of euglycemic diabetic
ketoacidosis in pregnancy. J Obstet Gynaecol Res 2008;34:324-30.

Haeri S, Khoury J, Kovilam O, Miodovnik M. The association of intrauterine growth
abnormalities in women with type 1 diabetes mellitus complicated by vasculopathy. Am J
Obstet Gynecol 2008;199:278.¢1-278.¢5.

Hagay Z, Weissman A. Management of diabetic pregnanc complicated by coronary artery
disease and neuropathy. Obstet Gynecol Clin North Am 1996;23:205-15.

Hagbard L. Pregnancy and diabetes mellitus; a clinical study. Acta Obstet Gynecol Scand
1956;35:1-180.

Hanson U, Persson B, Thunell S. Relationship between haemoglobin A;c in early type 1
(insulin-dependent) diabetic pregnancy and the occurrence of spontaneous abortion and fetal
malformation in Sweden. Diabetologia 1990;33:100-4.

Hanson U, Persson B. Outcome of pregnancies complicated by type 1 insulin-dependent
diabetes in Sweden: acute pregnancy complications, neonatal mortality and morbidity. Am J
Perinatol 1993;10:330-3.

Hanson U, Persson B. Fetal size at birth in relation to quality of blood glucose control in
pregnancies complicated by pregestational diabetes mellitus. BIOG 1996; 103:427-433

Hanson U, Persson B. Epidemiology of pregnancy-induced hypertension and preeclampsia in
Type 1 (insulin-dependent) diabetic pregnancies in Sweden. Acta Obstet Gynecol Scand
1998;77:620—4.

Hare JW, White P. Pregnancy in diabetes complicated by vascular disease. Diabetes
1977;26:953-5.

Harjutsalo V, Katoh S, Sarti C, Tajima N, Tuomilehto J. Population-based assessment of
familial clustering of diabetic nephropathy in type 1 diabetes. Diabetes 2004;53:2449-54.

Harjutsalo V, Sjoberg L, Tuomilehto J. Time trends in the incidence of type 1 diabetes in
Finnish children: a cohort study. Lancet 2008;371:1777-82.

Harjutsalo V, Forsblom C, Groop PH. Time trends in mortality in patients with type 1
diabetes: nationwide population based cohort study. BMJ 2011;343:doi: 10.1136/bm;j.d5364.

66



Harjutsalo V, Sund R, Knip M, Groop P-H. Incidence of type 1 diabetes in Finland. JAMA
2013;310:427-8.

Harvey JN, Rizvi K, Craney L, Messenger J, Shah R, Meadows PA. Population-based survey
and analysis of trends in the prevalence of diabetic nephropathy in type 1 diabetes. Diabet
Med 2001;18:998-1002.

Hawthorne G, Robson S, Ryall EA, Sen D, Roberts SH, Platt MPW. Prospective population
based survey of outcome of pregnancy in diabetic women: results of the Northern Diabetic
Pregnancy Audit, 1994. BMJ 1997;315:279-81.

Hawthorne G. Maternal complications in diabetic pregnancy. Best Pract Res Clin Obstet
Gynaecol 2011;25:77-90.

Hay WW, Meznarich HK. The effect of hyperinsulinaemia on glucose utilization and
oxidation and on oxygen consumption in the fetal lamb. Q J Exp Physiol 1986;71:689-98.

Hay WW. The placenta. Not just a conduit for maternal fuels. Diabetes 1991;40 Suppl 2:44—
50.

Hay WW Jr. Recent observations on the regulation of fetal metabolism by glucose. J Physiol
2006;572:17-24.

Hay WW. Care of the infant of the diabetic mother. Curr Diab Rep 2011;12:4-15.

Heilman K, Zilmer M, Zilmer K, Lintrop M, Kampus P, Kals J, Tillmann V. Arterial
stiffness, carotid artery intima-media thickness and plasma myeloperoxidase level in children
with type 1 diabetes. Diabetes Res Clin Pract 2009;84:168-73.

Hellmuth E, Damm P, Molsted-Pedersen L, Bendtson 1. Prevalence of nocturnal
hypoglycemia in first trimester of pregnancy in patients with insulin treated diabetes mellitus.
Acta Obstet Gynecol Scand 2000;79:958-62.

Hemachandra A, Ellis D, Lloyd CE, Orchard TJ. The influence of pregnancy on IDDM
complications. Diabetes Care 1995;18:950—4.

Hiilesmaa V, Suhonen L, Teramo K. Glycaemic control is associated with pre-eclampsia but
not with pregnancy-induced hypertension in women with type [ diabetes mellitus.
Diabetologia 2000;43:1534-9.

Holing EV, Beyer CS, Brown ZA, Connell FA. Why don't women with diabetes plan their
pregnancies? Diabetes Care 1998;21:889-95.

Holman N, Bell R, Murphy H, Maresh M. Women with pre-gestational diabetes have a higher
risk of stillbirth at all gestations after 32 weeks. Diabet Med 2014;31:1129-32.

Holmes VA, Young IS, Patterson CC, Pearson DW, Walker JD, Maresh MJ, McCance DR;
Diabetes and Pre-eclampsia Intervention Trial Study Group. Optimal glycemic control,
pre-eclampsia, and gestational hypertension in women with type 1 diabetes in the diabetes
and pre-eclampsia intervention trial. Diabetes Care 2011;34:1683-8.

Hovind P, Tarnow L, Rossing K, Rossing P, Eising S, Larsen N, Binder C, Parving HH.

Decreasing incidence of severe diabetic microangiopathy in type 1 diabetes. Diabetes Care
2003;26:1258-64.

67



Howarth C, Gazis A, James D. Associations of type 1 diabetes mellitus, maternal vascular
disease and complications of pregnancy. Diabet Med 2007;24:1229-34.

Huxley RR, Peters SAE, Mishra GD, Woodward M. Risk of all-cause mortality and vascular
events in women versus men with type 1 diabetes: a systematic review and meta-analysis.
Lancet Diabetes Endocrinol 2015;3:198-206.

Ilanne-Parikka P. Diabetesliiton asiantuntijaryhmé ehdottaa tyypin 1 diabeetikoiden hoidon
keskittdmistd. Osaajien kato ja hoitotulosten puutteellinen seuranta ongelmana. Diabetes ja
ladkari 2015;44:7-10.

Inkster ME, Fahey TP, Donnan PT, Leese GP, Mires GJ, Murphy DJ. Poor glycated
haemoglobin control and adverse pregnancy outcomes in type 1 and type 2 diabetes mellitus:
Systematic review of observational studies. BMC Pregnancy Childbirth 2006;6:30.

Jaffe R. Identification of fetal growth abnormalities in diabetes mellitus. Semin Perinatol
2002;26:190-5.

James AH, Bushnell CD, Jamison MG, Myers ER. Incidence and risk factors for stroke in
pregnancy and the puerperium. Obstet Gynecol 2005;106:509-16.

James AH, Jamison MG, Biswas MS, Brancazio LR, Swamy GK, Myers ER. Acute
myocardial infarction in pregnancy: a United States population-based study. Circulation
2006;113:1564-71.

Jarvie E, Hauguel de Mouzon S, Nelson SM, Sattar N, Catalano PM, Freeman DIJ.
Lipotoxicity in obese pregnancy and its potential role in adverse pregnancy outcome and
obesity in the offspring. Clin Sci. 2010;119:123-9.

Jarvisalo MJ. Endothelial dysfunction and increased arterial intima-media thickness in
children with type 1 diabetes. Circulation 2004;109:1750-5.

Jensen DM, Damm P, Moelsted-Pedersen L, Ovesen P, Westergaard JG, Moeller M, Beck-
Nielsen H. Outcomes in type 1 diabetic pregnancies: a nationwide, population-based study.
Diabetes Care 2004;27:2819-23.

Jensen DM, Damm P, Ovesen P, Molsted-Pedersen L, Beck-Nielsen H, Westergaard JG,
Moeller M, Mathiesen ER. Microalbuminuria, preeclampsia, and preterm delivery in pregnant
women with type 1 diabetes: results from a nationwide Danish study. Diabetes Care
2009;33:90-4. (a)

Jensen DM, Korsholm L, Ovesen P, Beck-Nielsen H, Moelsted-Pedersen L, Westergaard JG,
Moeller M, Damm P. Peri-conceptional A,¢ and risk of serious adverse pregnancy outcome in
933 women with type 1 diabetes. Diabetes Care 2009;32:1046-8. (b)

Johnstone FD, Lindsay RS, Steel J. Type 1 diabetes and pregnancy: trends in birth weight
over 40 years at a single clinic. Obstet Gynecol 2006;107:1297-302.

Jorgensen ME, Almdal TP, Carstensen B. Time trends in mortality rates in type 1 diabetes
from 2002 to 2011. Diabetologia 2013;56:2401-4.

Kaaja R, Tikkanen MJ, Viinikka L, Ylikorkala O. Serum lipoproteins, insulin, and urinary

prostanoid metabolites in normal and hypertensive pregnant women. Obstet Gynecol
1995;85:353—6.

68



Kaaja R, Laivuori H, Laakso M, Tikkanen MJ, Ylikorkala O. Evidence of a state of increased
insulin resistance in preeclampsia. Metabolism 1999;48:892—6.

Kaaja R. Vascular complications in diabetic pregnancy. Thromb Res 2011;127:S53-5.

Kariniemi V, Forss M, Siegberg R, Ammala P. Reduced short-term variability of fetal heart
rate in association with maternal hyperglycemia during pregnancy in insulin-dependent
diabetic women. Am J Obstet Gynecol 1983;147:793—4.

Karlsson K, Kjellmer I. The outcome of diabetic pregnancies in relation to the mother's blood
sugar level. Am J Obstet Gynecol 1972;112:213-20.

Kerssen A, de Valk HW, Visser GH. Do HbAlc levels and the self-monitoring of blood
glucose levels adequately reflect glycaemic control during pregnancy in women with type 1
diabetes mellitus? Diabetologia 2006;49:25-8.

Kilpatrick ES, Rigby AS, Atkin SL. Aj¢ variability and the risk of microvascular
complications in type 1 diabetes: data from the Diabetes Control and Complications Trial.
Diabetes Care 2008;31:2198-202.

Kimmerle R, Zass RP, Cupisti S, Somville T, Bender R, Pawlowski B, Berger M. Pregnancies
in women with diabetic nephropathy: long-term outcome for mother and child. Diabetologia
1995;38:227-35.

Kirwan JP, Hauguel-De Mouzon S, Lepercq J, Challier JC, Huston-Presley L, Friedman JE,
Kalhan SC, Catalano PM. TNF-alpha is a predictor of insulin resistance in human pregnancy.
Diabetes 2002;51:2207-13.

Kitzmiller JL, Brown ER, Phillippe M, Stark AR, Acker D, Kaldany A, Singh S, Hare JW.
Diabetic nephropathy and perinatal outcome. Am J Obstet Gynecol 1981;141:741-51.

Kitzmiller JL, Block JM, Brown FM, Catalano PM, Conway DL, Coustan DR, Gunderson
EP, Herman WH, Hoffman LD, Inturrisi M, Jovanovic LB, Kjos SI, Knopp RH, Montoro
MN, Ogata ES, Paramsothy P, Reader DM, Rosenn BM, Thomas AM, Kirkman MS.
Managing Preexisting Diabetes for Pregnancy: Summary of evidence and consensus
recommendations for care. Kitzmiller JL, editor. Diabetes Care 2008;31:1060—79.

Kjos SL, Henry OA, Montoro M, Buchanan TA, Mestman JH. Insulin-requiring diabetes in
pregnancy: a randomized trial of active induction of labor and expectant management. Am J

Obstet Gynecol 1993;169:611-5.

Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BEK. The Wisconsin epidemiologic
study of diabetic retinopathy XXII. Ophthalmology 2008;115:1859-68.

Knip M, Simell O. Environmental triggers of type 1 diabetes. Cold Spring Harb Perspect
Med. 2012;2:a007690-0.

Knutzen L, Svirko E, Impey L. The significance of base deficit in acidemic term neonates.
Am J Obstet Gynecol 2015;213:373.¢1-7.

Koetje PMJL, Spaan JJ, Kooman JP, Spaanderman MEA, Peeters LL. Pregnancy reduces the
accuracy of the estimated glomerular filtration rate based on cockroft-gault and MDRD

formulas. Reprod Sci 2011;18:456-62.

Kovilam O, Khoury J, Miodovnik M, Chames M, Spinnoto J, Sibai B. Spontaneous preterm

69



delivery in the type 1 diabetic pregnancy: the role of glycemic control. J Matern Fetal
Neonatal Med 2002;11:245-8.

Kulmala P. Prediabetes in children: natural history, diagnosis, and preventive strategies.
Paediatr Drugs 2003;5:211-21.

Laatikainen L, Teramo K, Hieta-Heikurainen H, Koivisto V, Pelkonen R. A controlled study
of the influence of continuous subcutaneous insulin infusion treatment on diabetic retinopathy
during pregnancy. Acta Med Scand 1987;221:367-76.

Lachin JM, Genuth S, Nathan DM, Zinman B, Rutledge BN, for the DCCT/EDIC Research
Group. Effect of glycemic exposure on the risk of microvascular complications in the diabetes
control and complications trial--revisited. Diabetes 2008;57:995-1001.

Lambert K, Holt RIG. The use of insulin analogues in pregnancy. Diabetes Obes Metab
2013;15:888-900.

Landon MB. Diabetic nephropathy and pregnancy. Clin Obstet Gynecol 2007;50:998—-1006.

Lapolla A, Dalfra MG, Di Cianni G, Bonomo M, Parretti E, Mello G; Scientific Committee of
the GISOGD Group. A multicenter Italian study on pregnancy outcome in women with
diabetes. Nutr Metab Cardiovasc Dis 2008;18:291-7. (a)

Lapolla A, Dalfra MG, Spezia R, Anichini R, Bonomo M, Bruttomesso D, Di Cianni G,
Franzetti I, Galluzzo A, Mello G, Menato G, Napoli A, Noacco G, Parretti E, Santini C,
Scaldaferri E, Scaldaferri L, Songini M, Tonutti L, Torlone E, Gentilella R, Rossi A, Valle D.
Outcome of pregnancy in type 1 diabetic patients treated with insulin lispro or regular insulin:
an Italian experience. Acta Diabetol 2008;45:61-6. (b)

Lauenborg J, Mathiesen E, Ovesen P, Westergaard JG, Ekbom P, Malsted-Pedersen L, Damm
P. Audit on stillbirths in women with pregestational type 1 diabetes. Diabetes Care
2003;26:1385-9.

Leguizamon G, Igarzabal ML, Reece EA. Periconceptional care of women with diabetes
mellitus. Obstet Gynecol Clin North Am 2007;34:225-39.

Leguizamon G, Trigubo D, Pereira JI, Vera MF, Fernandez JA. Vascular Complications in
the Diabetic Pregnancy. Curr Diab Rep 2015;15:22-10.

Leinonen PJ, Hiilesmaa VK, Kaaja RJ, Teramo KA. Maternal mortality in type 1 diabetes.
Diabetes Care 2001;24:1501-2.

Lepercq J, Taupin P, Dubois-Laforgue D, Duranteau L, Lahlou N, Boitard C, Landais P,
Hauguel-De Mouzon S, Timsit J. Heterogeneity of fetal growth in type 1 diabetic pregnancy.
Diabet Metab 2001;27:339-44.

Lepercq J, Coste J, Theau A, Dubois-Laforgue D, Timsit J. Factors associated with preterm
delivery in women with type 1 diabetes: A cohort study. Diabetes Care 2004;27:2824-8.

Lepercq J, Le Meaux JP, Agman A, Timsit J. Factors associated with cesarean delivery in
nulliparous women with type 1 diabetes. Obstet Gynecol 2010;115:1014-20.

Leth RA, Uldbjerg N, Norgaard M, Moller JK, Thomsen RW. Obesity, diabetes, and the risk

of infections diagnosed in hospital and post-discharge infections after cesarean section: a
prospective cohort study. Acta Obstet Gynecol Scand 2011;90:501-9.

70



Libby P. Pathophysiology of coronary artery disease. Circulation 2005;111:3481-8.

Lithovius R, Harjutsalo V, Forsblom C, Saraheimo M, Groop P-H, FinnDiane Study Group.
Antihypertensive treatment and resistant hypertension in patients with type 1 diabetes by
stages of diabetic nephropathy. Diabetes Care 2014;37:709—-17.

Livingstone SJ, Levin D, Looker HC, Lindsay RS, Wild SH, Joss N, Leese G, Leslie P,
McCrimmon RJ, Metcalfe W, McKnight JA, Morris AD, Pearson DW, Petrie JR, Philip S,
Sattar NA, Traynor JP, Colhoun HM; Scottish Diabetes Research Network epidemiology
group; Scottish Renal Registry. Estimated life expectancy in a Scottish cohort with type 1
diabetes, 2008-2010. JAMA 2015;313:37-10.

Loukovaara S, Immonen I, Teramo KA, Kaaja R. Progression of retinopathy during
pregnancy in type 1 diabetic women treated with insulin lispro. Diabetes Care 2003;26:1193—
8.

Low PA, Benrud-Larson LM, Sletten DM, Opfer-Gehrking TL, Weigand SD, O'Brien PC,
Suarez GA, Dyck PJ. Autonomic Symptoms and Diabetic Neuropathy: A population-based
study. Diabetes Care 2004;27:2942-7.

Lévestam-Adrian M, Agardh CD, Aberg A, Agardh E. Pre-eclampsia is a potent risk factor
for deterioration of retinopathy during pregnancy in type 1 diabetic patients. Diabetic Med
1997;14:1059-65.

Lyons TJ, Jenkins AJ, Zheng D, Lackland DT, McGee D, Garvey WT, Klein RL. Diabetic
retinopathy and serum lipoprotein subclasses in the DCCT/EDIC cohort. Invest Ophthalmol
Vis Sci 2004;45:910-8.

Maayan-Metzger A, Lubin D, Kuint J. Hypoglycemia rates in the first days of life among
term infants born to diabetic mothers. Neonatology 2009;96:80-5.

Macintosh MCM. Perinatal mortality and congenital anomalies in babies of women with type
1 or type 2 diabetes in England, Wales, and Northern Ireland: population based study. BMJ
2006;333:177-0.

Madsen H. Fetal oxygenation in diabetic pregnancy. With special reference to maternal blood
oxygen affinity and its effectors. Dan Med Bull 1986;33:64-74.

Magee LA, Abalos E, Dadelszen von P, Sibai B, Walkinshaw SA, CHIPS Study Group.
Control of hypertension in pregnancy. Curr Hypertens Rep 2009;11:429-36.

Magee LA, von Dadelszen P, Rey E, Ross S, Asztalos E, Murphy KE, Menzies J, Sanchez J,
Singer J, Gafni A, Gruslin A, Helewa M, Hutton E, Lee SK, Lee T, Logan AG, Ganzevoort
W, Welch R, Thornton JG, Moutquin JM. Less-tight versus tight control of hypertension in
pregnancy. N Engl J Med 2015;372:407-17.

Maresh MJA, Holmes VA, Patterson CC, Young IS, Pearson DWM, Walker JD, McCance
DR; Diabetes and Pre-eclampsia Intervention Trial Study Group. Glycemic targets in the
second and third trimester of pregnancy for women with type 1 diabetes. Diabetes Care
2015;38:34-42.

Marshall SM. Diabetic nephropathy in type 1 diabetes: has the outlook improved since the
1980s? Diabetologia 2012;55:2301-6.

Martin CL, Albers J, Herman WH, Cleary P, Waberski B, Greene DA, Stevens MJ, Feldman

71



EL; DCCT/EDIC Research Group. Neuropathy among the diabetes control and complications
trial cohort 8 years after trial completion. Diabetes Care 2006;29:340-4.

Maser RE, Steenkiste AR, Dorman JS, Nielsen VK, Bass EB, Manjoo Q, Drash AL, Becker
DJ, Kuller LH, Greene DA, et al. Epidemiological correlates of diabetic neuropathy. Report
from Pittsburgh Epidemiology of Diabetes Complications Study. Diabetes 1989;38:1456-61.

Mathiesen ER. Randomised controlled trial of long term efficacy of captopril on preservation
of kidney function in normotensive patients with insulin dependent diabetes and
microalbuminuria. BMJ 1999;319:24-5

Mathiesen ER, Ringholm L, Damm P. Stillbirth in diabetic pregnancies. Best Pract Res Clin
Obstet Gynaecol 2011;25:105-11.

Mathiesen ER, Ringholm L, Feldt-Rasmussen B, Clausen P, Damm P. Obstetric nephrology:
pregnancy in women with diabetic nephropathy--the role of antihypertensive treatment. Clin J
Am Soc Nephrol. 2012;7:2081-8.

Maulik D, Lysikiewicz A, Sicuranza G. Umbilical arterial Doppler sonography for fetal
surveillance in pregnancies complicated by pregestational diabetes mellitus. J] Matern Fetal
Neonatal Med 2002;12:417-22.

McCance DR. Pregnancy and diabetes. Best Pract Res Clin Endocrinol Metab 2011;25:945—
58.

McElduff A, Cheung NW, McIntyre HD, Lagstrom JA, Oats JJ, Ross GP, Simmons D,
Walters BN, Wein P; Australasian Diabetes in Pregnancy Society. The Australasian Diabetes
in Pregnancy Society consensus guidelines for the management oftype 1 and type 2 diabetes
in relation to pregnancy. Med J Aust 2005;183:373-7.

Metascreen Writing Committee, Bonadonna RC, Cucinotta D, Fedele D, Riccardi G, Tiengo
A. The metabolic syndrome is a risk indicator of microvascular and macrovascular
complications in diabetes: results from Metascreen, a multicenter diabetes clinic-based
survey. Diabetes Care 2006;29:2701-7.

Metsarinne K, Ekstrand A, Groop PH, Hanski M, Komulainen J, Niskanen L, Puurunen M,
Saha H. Diabetic nephropathy. Current Care Guidelines. Duodecim 2007;123:2510-4.

Miailhe G, Le Ray C, Timsit J, Lepercq J. Factors associated with urgent cesarean delivery in
women with type 1 diabetes mellitus. Obstet Gynecol 2013;121:983-9.

Milley JR, Papacostas JS. Effect of insulin on metabolism of fetal sheep hindquarters.
Diabetes 1989;38:597-603.

Mills JL, Baker L, Goldman AS. Malformations in infants of diabetic mothers occur before
the seventh gestational week. Implications for treatment. Diabetes. 1979;28:292-3.

Mills JL, Jovanovic L, Knopp R, Aarons J, Conley M, Park E, Lee YJ, Holmes L, Simpson
JL, Metzger B. Physiological reduction in fasting plasma glucose concentration in the first
trimester of normal pregnancy: the diabetes in early pregnancy study. Metabolism
1998;47:1140-4.

Mimouni F, Loughead J, Miodovnik M, Khoury J, Tsang RC. Early neonatal predictors o f

neonatal hypocalcemia in infants of diabetic mothers: an epidemiologic study. Am J Perinatol
1990;7:203-6. (a)

72



Mimouni F, Loughead JL, Tsang RC, Khoury J. Postnatal surge in serum calcitonin
concentrations: no contribution to neonatal hypocalcemia in infants of diabetic mothers.
Pediatr Res 1990;28:493-5. (b)

Miodovnik M, Rosenn BM, Khoury JC, Grigsby JL, Siddiqi TA. Does pregnancy increase the
risk for development and progression of diabetic nephropathy? Am J Obstet Gynecol
1996;174:1180-9.

Mohamed Q, Gilliess MC, Wong TY. Management of diabetic retinopathy. JAMA
2007;298:902-24.

Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving HH, Steffes MW;
American Diabetes Association. Nephropathy in diabetes. Diabetes Care 2004;27:S79-83.

Murphy HR, Rayman G, Lewis K, Kelly S, Johal B, Duffield K, Fowler D, Campbell PJ,
Temple RC. Effectiveness of continuous glucose monitoring in pregnant women with
diabetes: randomised clinical trial. BMJ 2008;337:a1680. doi: 10.1136/bmj.a1680.

Murphy HR, Steel SA, Roland JM, Morris D, Ball V, Campbell PJ, Temple RC; East Anglia
Study Group for Improving Pregnancy Outcomes in Women with Diabetes (EASIPOD).
Obstetric and perinatal outcomes in pregnancies complicated by type 1 and type 2
diabetes: influences of glycaemic control, obesity and social disadvantage. Diabet Med
2011;28:1060-7.

Murphy HR, Elleri D, Allen JM, Harris J, Simmons D, Rayman G, Temple RC, Umpleby
AM, Dunger DB, Haidar A, Nodale M, Wilinska ME, Hovorka R. Pathophysiology of
postprandial hyperglycaemia in women with type 1 diabetes during pregnancy. Diabetologia
2012;55:282-93.

Murphy HR. Continuous glucose monitoring in pregnancy: we have the technology but not all
the answers. Diabetes Care 2013;36:1818-9.

Nathan DM. Long-term complications of diabetes mellitus. N Engl J Med 1993;328:1676-85.

Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM, Orchard TJ, Raskin P,
Zinman B; Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions
and Complications (DCCT/EDIC) Study Research Group. Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N Engl J Med 2005;353:2643-53.

National Collaborating Centre for Women's and Children's Health (UK). Diabetes in
Pregnancy: Management of diabetes and its complications from preconception to the
postnatal period. London: National Institute for Health and Care Excellence (UK), 2015

Nosadini R, Velussi M, Brocco E, Bruseghin M, Abaterusso C, Saller A, Dalla Vestra M,
Carraro A, Bortoloso E, Sambataro M, Barzon I, Frigato F, Muollo B, Chiesura-Corona M,
Pacini G, Baggio B, Piarulli F, Sfriso A, Fioretto P. Course of renal function in type 2
diabetic patients with abnormalities of albumin excretion rate. Diabetes 2000;49:476—84.

Nielsen GL, Mgller M, Serensen HT. HbA,. in early diabetic pregnancy and pregnancy
outcomes: a Danish population-based cohort study of 573 pregnancies in women with type 1
diabetes. Diabetes Care 2006;29:2612-6.

Nielsen LR, Pedersen-Bjergaard U, Thorsteinsson B, Johansen M, Damm P, Mathiesen ER.

Hypoglycemia in pregnant women with type 1 diabetes: predictors and role of metabolic
control. Diabetes Care 2008;31:9-14.

73



Nielsen LR, Damm P, Mathiesen ER. Improved pregnancy outcome in type 1 diabetic women
with microalbuminuria or diabetic nephropathy: effect of intensified antihypertensive
therapy? Diabetes Care 2009;32:38—44.

Nold JL, Georgieff MK. Infants of diabetic mothers. Pediatr Clin North Am 2004;51:619-37.

Nordwall M, Bojestig M, Arnqvist HJ, Ludvigsson J. Declining incidence of severe
retinopathy and persisting decrease of nephropathy in an unselected population of type 1
diabetes the Linkdping Diabetes Complications Study. Diabetologia 2004;47:1-7.

Onkamo P, Védnédnen S, Karvonen M, Tuomilehto J. Worldwide increase in incidence of type
I diabetes — the analysis of the data on published incidence trends. Diabetologia
1999;42:1395-403.

Pallasmaa N, Ekblad U, Aitokallio-Tallberg A, Uotila J, Raudaskoski T, Ulander VM, Hurme
S. Cesarean delivery in Finland: maternal complications and obstetric risk factors. Acta
Obstet Gynecol Scand 2010;89:896-902.

Pallasmaa N, Ekblad U, Gissler M, Alanen A. The impact of maternal obesity, age, pre-
eclampsia and insulin dependent diabetes on severe maternal morbidity by mode of delivery-a
register-based cohort study. Arch Gynecol Obstet 2015;291:311-8.

Paneni F, Beckman JA, Creager MA, Cosentino F. Diabetes and vascular disease:
pathophysiology, clinical consequences, and medical therapy: part I. Eur Heart J
2013;34:2436-43.

Patterson CC, Gyiiriis E, Rosenbauer J, Cinek O, Neu A, Schober E, Parslow RC, Joner G,
Svensson J, Castell C, Bingley PJ, Schoenle E, Jarosz-Chobot P, Urbonait¢ B, Rothe U,
Krzisnik C, lonescu-Tirgoviste C, Weets I, Kocova M, Stipancic G, Samardzic M, de
Beaufort CE, Green A, Dahlquist GG, Soltész G. Trends in childhood type 1 diabetes
incidence in Europe during 1989-2008: evidence of non-uniformity over time in rates of
increase. Diabetologia 2012;55:214-27.

Peck RW, Price DE, Lang GD, MacVicar J, Hearnshaw JR. Birthweight of babies born to
mothers with type 1 diabetes: is it related to blood glucose control in the first trimester?
Diabet Med 1991;8:258-62.

Pedersen BW, Ringholm L, Damm P, Tabor A, Sogaard K, Hellmuth E, et al. Stable fetal
hemodynamics measured by Doppler flow after initiation of anti-hypertensive treatment with
methyldopa in pregnant women with diabetes. J Matern Fetal Neonatal Med 2015 Jul 25;1-4
[Epub ahead of print]

Pedersen J, Pedersen LM, Andersen B. Assessors of fetal perinatal mortality in diabetic
pregnancy. Analysis of 1,332 pregnancies in the Copenhagen series, 1946-1972. Diabetes
1974;23:302-5.

Pedersen J. The Pregnant diabetic and her newborn. Problems and management. Second
edition. Copenhagen: Munksgaard, 1977, pp.

Penney G, Grant M, Pearson DWM, On behalf of the Scottish Diabetes in Pregnancy Group.
Outcomes of pregnancies in women with type 1 diabetes in Scotland: a national population-

based study. BJOG 2003;110:315-8. (a)

Penney GC, Mair G, Pearson DW. The relationship between birth weight and maternal
glycated haemoglobin (HbA,.) concentration in pregnancies complicated by type 1 diabetes.

74



Diabet Med 2003;20:162-6. (b)

Persson M, Norman M, Hanson U. Obstetric and perinatal outcomes in type 1 diabetic
pregnancies: A large, population-based study. Diabetes Care 2009;32:2005-9.

Persson M, Pasupathy D, Hanson U, Westgren M, Norman M. Pre-pregnancy body mass
index and the risk of adverse outcome in type 1 diabetic pregnancies: a population-based
cohort study. BMJ Open 2012;2:¢000601—1.

Petry CD, Eaton MA, Wobken JD, Mills MM, Johnson DE, Georgieff MK. Iron deficiency of
liver, heart, and brain in newborn infants of diabetic mothers. J Pediatr 1992;121:109-14.

Philipps AF, Porte PJ, Stabinsky S, Rosenkrantz TS, Raye JR. Effects of chronic fetal
hyperglycemia upon oxygen consumption in the ovine uterus and conceptus. J Clin Invest
1984;74:279-86.

Piccoli GB, Tavassoli E, Melluzza C, Grassi G, Monzeglio C, Donvito V, Leone F, Attini R,
Ghiotto S, Clari R, Moro I, Fassio F, Parisi S, Pilloni E, Vigotti FN, Giuffrida D, Rolfo A,
Todros T. Severe diabetic nephropathy in type 1 diabetes and pregnancy - a case series. Rev
Diabetic Stud 2013;10:68-78.

Pihkala J, Hakala T, Voutilainen P, Raivio K. Characteristics of recent fetal growth curves in
Finland. Duodecim 1989;105:1540-6.

Porta M, Sjoelie AK, Chaturvedi N, Stevens L, Rottiers R, Veglio M, Fuller JH; EURODIAB
Prospective Complications Study Group. Risk factors for progression to proliferative diabetic
retinopathy in the EURODIAB Prospective Complications Study. Diabetologia
2001;44:2203-9.

Price SA, Gorelik A, Fourlanos S, Colman PG, Wentworth JM. Obesity is associated with
retinopathy and macrovascular disease in type 1 diabetes. Obes Res Clin Pract 2014;8:¢178-
82.

Pugliese A. The multiple origins of type 1 diabetes. Diabet Med 2013;30:135-46.

Purdy LP, Hantsch CE, Molitch ME, Metzger BE, Phelps RL, Dooley SL, Hou SH. Effect of
pregnancy on renal function in patients with moderate-to-severe diabetic renal insufficiency.

Diabetes Care 1996;19:1067-74.

Rahman W, Rahman FZ, Yassin S, Al-Suleiman SA, Rahman J. Progression of retinopathy
during pregnancy in type 1 diabetes mellitus. Clin Exp Ophthalmol 2007;35:231-6.

Rask-Madsen C, King GL. Mechanisms of disease: endothelial dysfunction in insulin
resistance and diabetes. Nat Clin Pract Endocrinol Metab 2007;3:46-56.

Ray JG, O'Brien TE, Chan WS. Preconception care and the risk of congenital anomalies in
the offspring of women with diabetes mellitus: a meta-analysis. QJM 2001;94:435-44.

Recarti C, Sep SJS, Stehouwer CDA, Unger T. Excess cardiovascular risk in diabetic women:
A case for intensive treatment. Curr Hypertens Rep 2015;17:45-6.

Reddy MA, Natarajan R. Epigenetic mechanisms in diabetic vascular complications.
Cardiovasc Res 2011;90:421-9.

Redman CW. Latest Advances in understanding preeclampsia. Science 2005;308:1592—4.

75



Reece EA, Coustan DR, Hayslett JP, Holford T, Coulehan J, O'Connor TZ, Hobbins JC.
Diabetic nephropathy: pregnancy performance and fetomaternal outcome. Am J Obstet
Gynecol 1988;159:56-66.

Reece EA, Hagay Z, Assimakopoulos E, Moroder W, Gabrielli S, DeGennaro N, Homko C,
O'Connor T, Wiznitzer A. Diabetes mellitus in pregnancy and the assessment of umbilical
artery waveforms using pulsed Doppler ultrasonography. J Ultrasound Med 1994;13:73-80.

Ringholm L, Mathiesen ER, Kelstrup L, Damm P. Managing type 1 diabetes mellitus in
pregnancy--from planning to breastfeeding. Nat Rev Endocrinol 2012;8:659-67. (a)

Ringholm L, Pedersen-Bjergaard U, Thorsteinsson B, Damm P, Mathiesen ER.
Hypoglycaemia during pregnancy in women with type 1 diabetes. Diabet Med 2012;29:558—
66. (b)

Ringholm L, Secher AL, Pedersen-Bjergaard U, Thorsteinsson B, Andersen HU, Damm P,
Mathiesen ER. The incidence of severe hypoglycaemia in pregnant women with type 1
diabetes mellitus can be reduced with unchanged HbA,. levels and pregnancy outcomes in a
routine care setting. Diabetes Res Clin Pract 2013;101:123-30.

Robert MF, Neff RK, Hubbell JP, Tacusch HW, Avery ME. Association between maternal
diabetes and the respiratory-distress syndrome in the newborn. N Engl J Med 1976;294:357—
60.

Roberts JM, Pearson G, Cutler J, Lindheimer M, NHLBI Working Group on Research on
Hypertension During Pregnancy. Summary of the NHLBI Working Group on research on
hypertension during pregnancy. Hypertension. 2003;41:437-45.

Roberts JM, Bell MJ. If we know so much about preeclampsia, why haven't we cured the
disease? J Reprod Immunol 2013;99:1-9.

Rollins MD, Maxwell AP, Afrasiabi M, Halliday HL, Lappin TR. Cord blood erythropoietin,
pH, PaO2 and haematocrit following caesarean section before labour. Biol Neonate
1993;63:147-52.

Rosenn B, Miodovnik M, Kranias G, Khoury J, Combs CA, Mimouni F, Siddiqi TA, Lipman
MJ.. Progression of diabetic retinopathy in pregnancy: association with hypertension in
pregnancy. Am J Obstet Gynecol 1992;166:1214-8.

Rossing K, Jacobsen P, Hommel E, Mathiesen E, Svenningsen A, Rossing P, Parving HH.
Pregnancy and progression of diabetic nephropathy. Diabetologia 2002;45:36-41. (a)

Rossing P, Hougaard P, Parving H-H. Risk factors for development of incipient and overt
diabetic nephropathy in type 1 diabetic patients: A 10-year prospective observational study.
Diabetes Care 2002;25:859-64. (b)

Russell NE, Foley M, Kinsley BT, Firth RG, Coffey M, McAuliffe FM. Effect of
pregestational diabetes mellitus on fetal cardiac function and structure. Am J Obstet Gynecol

2008;199:312.e1-312.e7 (a)

Russell NE, Holloway P, Quinn S, Foley M, Kelehan P, McAuliffe FM. Cardiomyopathy and
cardiomegaly in stillborn infants of diabetic mothers. Pediatr Dev Pathol 2008;11:10—4 (b)

Ruth VJ, Raivio KO. Perinatal brain damage: predictive value of metabolic acidosis and the
Apgar score. BMJ 1988; 297:24-27

76



Ryan EA. Hormones and insulin resistance during pregnancy. Lancet 2003;362:1777-8.

Sacks DA, Metzger BE. Classification of diabetes in pregnancy: time to reassess the alphabet.
Obstet Gynecol 2013;121:345-8.

Salvesen DR, Brudenell MJ, Nicolaides KH. Fetal polycythemia and thrombocytopenia in
pregnancies complicated by maternal diabetes mellitus. Am J Obstet Gynecol
1992;166:1287-93.

Salvesen DR, Higueras MT, Mansur CA, Freeman J, Brudenell JM, Nicolaides KH. Placental
and fetal Doppler velocimetry in pregnancies complicated by maternal diabetes mellitus. Am
J Obstet Gynecol 1993;168:645-52.

Schaefer-Graf UM, Graf K, Kulbacka I, Kjos SL, Dudenhausen J, Vetter K, Herrera E.
Maternal lipids as strong determinants of fetal environment and growth in pregnancies with
gestational diabetes mellitus. Diabetes Care 2008;31:1858-63.

Schwartz R, Gruppuso PA, Petzold K, Brambilla D, Hiilesmaa V, Teramo KA.
Hyperinsulinemia and macrosomia in the fetus of the diabetic mother. Diabetes Care
1994;17:640-8.

Schwartz R, Teramo KA. What is the significance of macrosomia? Diabetes Care
1999;22:1201-5.

Schwartz R, Teramo KA. Effects of diabetic pregnancy on the fetus and newborn. Semin
Perinatol 2000;24:120-35.

Scott LJ, Warram JH, Hanna LS, Laffel LMB, Ryan L, Krolewski AS. A nonlinear effect of
hyperglycemia and current cigarette smoking are major determinants of the onset of
microalbuminuria in type 1 diabetes. Diabetes 2001;50:2842-9.

Secher AL, Parellada CB, Ringholm L, Asbjornsdéttir B, Damm P, Mathiesen ER, Seely EW.
Correlation of cystatin-C with glomerular filtration rate by inulin clearance in pregnancy.
Hypertens Pregnancy 2012;31:22-30.

Secher AL, Parellada CB, Ringholm L, Asbjornsdottir B, Damm P, Mathiesen ER. Higher
gestational weight gain is associated with increasing offspring birth weight independent of
maternal glycemic control in women with type 1 diabetes. Diabetes Care 2014;37:2677-84.

Secher AL, Bytoft B, Tabor A, Damm P, Mathiesen ER. Fetal sonographic characteristics
associated with shoulder dystocia in pregnancies of women with type 1 diabetes. Acta Obstet
Gynecol Scand 2015;94:1105-11.

Sibai BM, Caritis S, Hauth J, Lindheimer M, VanDorsten JP, MacPherson C, Klebanoff M,
Landon M, Miodovnik M, Paul R, Meis P, Dombrowski M, Thurnau G, Roberts J, McNellis
D. Risks of preeclampsia and adverse neonatal outcomes among women with pregestational
diabetes mellitus. National Institute of Child Health and Human Development Network of
Maternal-Fetal Medicine Units. Am J Obstet Gynecol 2000;182:364-9 (a)

Sibai BM, Caritis SN, Hauth JC, MacPherson C, VanDorsten JP, Klebanoff M, Landon M,
Paul RH, Meis PJ, Miodovnik M, Dombrowski MP, Thurnau GR, Moawad AH, Roberts J.
Preterm delivery in women with pregestational diabetes mellitus or chronic hypertension
relative to women with uncomplicated pregnancies. Am J Obstet Gynecol 2000;183:1520—4

(b)

77



Siegmund T, Rad NT, Ritterath C, Siebert G, Henrich W, Buhling KJ. Longitudinal changes
in the continuous glucose profile measured by the CGMS in healthy pregnant women and
determination of cut-off values. Eur J Obstet Gynecol Reprod Biol 2008;139:46-52.

Simell O, Winter WE, Schatz D. Enhancing the understanding of pre-type 1 diabetes in the
general population. Diabetes Care 2010;33:1403-5.

Smith MC, Moran P, Ward MK, Davison JM. Assessment of glomerular filtration rate during
pregnancy using the MDRD formula. BJOG 2008;115:109-12.

Sporri S, Thoeny HC, Raio L, Lachat R, Vock P, Schneider H. MR imaging pelvimetry: A
useful adjunct in the treatment of women at risk for dystocia? AJR Am J Roentgenol
2002;179:137-44.

Staff AC, Benton SJ, von Dadelszen P, Roberts JM, Taylor RN, Powers RW, Charnock-Jones
DS, Redman CW. Redefining preeclampsia using placenta-derived biomarkers. Hypertension
2013;61:932-42 (a)

Staff AC, Dechend R, Redman CWG. Review: Preeclampsia, acute atherosis of the spiral
arteries and future cardiovascular disease: two new hypotheses. Placenta 2013;34:S73-8 (b)

Stark Casagrande S, Fradkin JE, Saydah SH, Rust KF, Cowie CC. The prevalence of meeting
A1C, blood pressure, and LDL goals among people with diabetes, 1988-2010. Diabetes Care
2013;36:2271-9.

Steel JM, Johnstone FD, Hepburn DA, Smith AF. Can prepregnancy care of diabetic women
reduce the risk of abnormal babies? BMJ 1990;301:1070-4.

Stenninger E, Lindqvist A, Aman J, Ostlund I, Schvarcz E. Continuous subcutaneous glucose
monitoring system in diabetic mothers during labour and postnatal glucose adaptation of their
infants. Diabet Med 2008;25:450—4.

Stephen SA, Darney BG, Rosenfeld AG. Symptoms of acute coronary syndrome in women
with diabetes: an integrative review of the literature. Heart Lung 2008;37:179-89.

Suhonen L, Hiilesmaa V, Teramo K. Glycaemic control during early pregnancy and fetal
malformations in women with type I diabetes mellitus. Diabetologia 2000;43:79—-82.

Susa JB, McCormick KL, Widness JA, Singer DB, Oh W, Adamsons K, et al. Chronic
hyperinsulinemia in the fetal rhesus monkey: effects on fetal growth and composition.
Diabetes 1979;28:1058-63.

Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the European Society of
Cardiology (ESC); European Association for the Study of Diabetes (EASD), Rydén L, Grant
PJ, Anker SD, Berne C, Cosentino F, Danchin N, Deaton C, Escaned J, Hammes HP, Huikuri
H, Marre M, Marx N, Mellbin L, Ostergren J, Patrono C, Seferovic P, Uva MS, Taskinen
MR, Tendera M, Tuomilehto J, Valensi P, Zamorano JL. ESC guidelines on diabetes, pre-
diabetes, and cardiovascular diseases developed in collaboration with the EASD -
summary. Diab Vasc Dis Res 2014;11:133-73.

Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT, Drachenberg CB, Ferrario F,
Fogo AB, Haas M, de Heer E, Joh K, Noé&l LH, Radhakrishnan J, Seshan SV, Bajema IM,
Bruijn JA; Renal Pathology Society. Pathologic classification of diabetic nephropathy. J
Am Soc Nephrol 2010;21:556-63

78



Temple R. Association between outcome of pregnancy and glycaemic control in early
pregnancy in type 1 diabetes: population based study. BMJ 2002;325:1275-6.

Temple RC, Aldridge VA, Sampson MJ, Greenwood RH, Heyburn PJ, Glenn A. Impact of
pregnancy on the progression of diabetic retinopathy in type 1 diabetes. Diabet Med
2001;18:573-7.

Tennant PWG, Glinianaia SV, Bilous RW, Rankin J, Bell R. Pre-existing diabetes, maternal
glycated haemoglobin, and the risks of fetal and infant death: a population-based study.
Diabetologia 2014;57:285-94.

Teramo K, Ammala P, Ylinen K, Raivio KO. Pathologic fetal heart rate associated with poor
metabolic control in diabetic pregnancies. Obstet Gynecol 1983;61:559-65.

Teramo KA, Widness JA, Clemons GK, Voutilainen P, McKinlay S, Schwartz R. Amniotic
fluid erythropoietin correlates with umbilical plasma erythropoietin in normal and abnormal
pregnancy. Obstet Gynecol 1987;69:710-6.

Teramo K, Kari MA, Eronen M, Markkanen H, Hiilesmaa V. High amniotic fluid
erythropoietin levels are associated with an increased frequency of fetal and neonatal
morbidity in type 1 diabetic pregnancies. Diabetologia 2004;47:1695-703. (a)

Teramo KA, Hiilesmaa VK, Schwartz R, Clemons GK, Widness JA. Amniotic fluid and cord
plasma erythropoietin levels in pregnancies complicated by preeclampsia, pregnancy-induced
hypertension and chronic hypertension. J Perinat Med. 2004;32:240-7. (b)

Teramo KA, Widness JA. Increased fetal plasma and amniotic fluid erythropoietin
concentrations: markers of intrauterine hypoxia. Neonatology 2009;95:105-16.

Teramo KA. Obstetric problems in diabetic pregnancy — the role of fetal hypoxia. Best Pract
Res Clin Endocrinol 2010;24:663-71.

Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, Ionescu-Tirgoviste C, Witte DR,
Fuller JH; EURODIAB Prospective Complications Study Group. Vascular risk factors and
diabetic neuropathy. N Engl J Med 2005;352:341-50.

Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, Lauria G, Malik RA,
Spallone V, Vinik A, Bernardi L, Valensi P; Toronto Diabetic Neuropathy Expert Group.
Diabetic neuropathies: update on definitions, diagnostic criteria, estimation of severity, and
treatments. Diabetes Care 2010;33:2285-93.

Thorn LM, Forsblom C, Wadén J, Saraheimo M, Tolonen N, Hietala K, Groop PH; Finnish
Diabetic Nephropathy (FinnDiane) Study Group. Metabolic syndrome as a risk factor for

cardiovascular disease, mortality, and progression of diabetic nephropathy in type 1 diabetes.
Diabetes Care 2009;32:950-2.

Tripathi A, Rankin J, Aarvold J, Chandler C, Bell R. Preconception counseling in women
with diabetes: a population-based study in the north of England. Diabetes Care 2010;33:586—
8.

Tukeva TA, Salmi H, Poutanen VP, Karjalainen PT, Hytinantti T, Paavonen J, Teramo KA,
Aronen HJ. Fetal shoulder measurements by fast and ultrafast MRI techniques. J] Magn Reson

Imaging 2001;13:938-42.

Tuomilehto J. The emerging global epidemic of type 1 diabetes. Curr Diab Rep.

79



2013;13:795-804.

Valle T. Diabeetikkojen hoitotasapaino Suomessa vuosina 2009-2010. Dehko-raportti 2010:5.
Tampere: Suomen Diabetesliitto ry, 2010, pp. 6-7

Van Buren PN, Toto R. Hypertension in diabetic nephropathy: epidemiology, mechanisms,
and management. Adv Chronic Kidney Dis 2011;18:28-41.

Varis T. Tobacco Statistics 2011. Statistical report 23/2012. Helsinki: Official Statistics of
Finland. 2012, pp.1-52.

Vartiainen E, Laatikainen T, Peltonen M, Juolevi A, Mannisté S, Sundvall J, Jousilahti P,
Salomaa V, Valsta L, Puska P. Thirty-five-year trends in cardiovascular risk factors in
Finland. Int J Epidemiol 2010;39:504—18.

Varughese GI, Chowdhury SR, Warner DP, Barton DM. Preconception care of women
attending adult general diabetes clinics—are we doing enough? Diabetes Res Clin Pract
2007;76:142-5.

Verheijen ECJ, Critchley JA, Whitelaw DC, Tuffnell DJ. Outcomes of pregnancies in women
with pre-existing type 1 or type 2 diabetes, in an ethnically mixed population. BJOG
2005;112:1500-3.

Verier-Mine O, Chaturvedi N, Webb D, Fuller JH. Is pregnancy a risk factor for
microvascular complications? The EURODIAB Prospective Complications Study. Diabet
Med 2005;22:1503-9.

Vincent AM, Callaghan BC, Smith AL, Feldman EL. Diabetic neuropathy: cellular
mechanisms as therapeutic targets. Nat Rev Neurol 2011;7:573-83

Vuori E, Gissler M. Perinatal statistics: parturients, deliveries and newborns 2012. Statistical
report 24/2013. Helsinki: Official Statistics Finland, 2013, pp. 1-58.

Viadrdsmaki MS, Hartikainen A, Anttila M, Pramila S, Koivisto M. Factors predicting peri-
and neonatal outcome in diabetic pregnancy. Early Hum Dev 2000;59:61-70.

Viaiardsmaki M, Kaaja R, Kroger J, Perdnen N, Soukka H, Timonen S. Diabetesliiton
ladkéarineuvoston suositus. Diabeetikon hoito raskauden aikana. Diabetes ja ladkari

2012;41:17-38.

Walsh JM, McAuliffe FM. Impact of maternal nutrition on pregnancy outcome--does it
matter what pregnant women eat? Best Pract Res Clin Obstet Gynaecol 2015;29:63-78.

White P. Pregnancy complicating diabetes. Am J Med 1949;7:609-16.
White P. Pregnancy and diabetes, medical aspects. Med Clin North Am 1965;49:1015-24.

White P, Hare JW. Gestational diabetes and the White's classification. Diabetes Care
1980;3:394.

Widness JA, Teramo KA, Clemons GK, Voutilainen P, Stenman UH, McKinlay SM,
Schwartz R. Direct relationship of antepartum glucose control and fetal erythropoietin in
human type 1 (insulin-dependent) diabetic pregnancy. Diabetologia 1990;33:378-83.

Writing Team for the Diabetes Control and Complications Trial/Epidemiology of Diabetes

Interventions and Complications Research Group. Effect of intensive therapy on the

80



microvascular complications of type 1 diabetes mellitus. JAMA 2002;287:2563-9.

81



Recent Publications in this Series

~78/2015 Elina Viliméki

Activation of Inflammasome and Protein Secretion by Endogenous Danger and Microbe-Derived
Signals in Human Macrophages

79/2015 Terhi Keltanen

Postmortem Biochemistry - Analysis of Metabolic Imbalance

80/2015 Mari Savolainen

The Effects of Prolyl Oligopeptidase Inhibition in a-Synuclein Based Mouse Models of
Parkinson’s Disease

81/2015 Teemu Luostarinen

Studies on Hemodynamics and Coagulation in Neuroanesthesia

82/2015 Olaya Llano

Novel Molecular Mechanisms of Dendritic Spine Development

83/2015 Abdirisak Ahmed Haji Omar

Oral and Cutaneous Squamous Cell Carcinomas: Differences in Tumor and Tumor
Microenvironment

84/2015 Katja Airaksinen

Modifications of Cortical Activity by Deep Brain Stimulation in Advanced Parkinson’s Disease:
an MEG Study

85/2015 And Demir

Clinical Use of Urinary Gonadotropin Determinations in Children and Adolescents

86/2015 Raisa Haavikko

Synthesis of Betulin Derivatives with New Bioactivities

87/2015 Hongxin Chen

Heterobasidion annosum sensu stricto Pathogenesis: Bioinformatic and Functional Study of
Cerato-Platanin Family Proteins

88/2015 Kristiina Rajaméki

Role of the Inflammasome Pathway in Atherosclerosis

89/2015 Pirkko Kriikku

Toxicological Abuse Profile of New Recreational Drugs in Driving-Under-The-Influence and
Post-Mortem Cases in Finland

90/2015 Eeva Mustonen

Red Clover Isoflavonoids in Feed, Plasma and Milk of Ruminants

91/2015 Flavia Restitutti

Central, Cardiovascular and Metabolic Effects of Dexmedetomidine Associated with the Selective
Peripheral Alpha2-adrenoceptor Antagonist MK-467 in Dogs

92/2015 Katariina Nurmi

Prevention of Inflammatory Cellular Responses by Ethanol and Hemin — Interplay Between
Inflammasomes and Processes Inhibiting Inflammation

93/2015 Liang He

Rare Genetic Variants and Complex Diseases - a Bayesian Approach
94/2015 Jani Saksi

Stroke-Associated Carotid Atherosclerosis - a Role for FABP4 in Atheroma
Vulnerability and Cardiometabolic Risk

95/2015 Otto Hemminki

Cancer Immunotherapy with a Gene Modified Serotype 3 Oncolytic
Adenovirus

96/2015 Jukka Koskela

Individual Trajectories in Asthma and COPD: A Longitudinal Perspective
to Obstructive Lung Disease

OEEA0

Helsinki 2015 ISSN 2342-3161 ISBN 978-951-51-1731-1





 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 14.173 x 9.843 inches / 360.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     44
            
       D:20151103135636
       708.6614
       Blank
       1020.4724
          

     Wide
     1
     0
     No
     762
     300
     None
     Right
     0.0000
     -3.6850
            
                
         Both
         219
         AllDoc
         224
              

       CurrentAVDoc
          

     Uniform
     87.8740
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all pages
     Request: bleed all round 8.50 points
     Bleed area is outside visible: yes
      

        
     0.0000
     1
     0.0000
     8.5039
     0
     1
     0.0000
     Fixed
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   Nup
        
     Trim unused space from sheets: yes
     Allow pages to be scaled: no
     Margins: left 8.50, top 8.50, right 8.50, bottom 8.50 points
     Horizontal spacing (points): 0 
     Vertical spacing (points): 0 
     Crop style 1, width 0.57, length 1.42, distance 5.67 (points)
     Add frames around each page: no
     Sheet size: 118.110 x 118.110 inches / 3000.0 x 3000.0 mm
     Sheet orientation: best fit
     Layout: rows 1 down, columns 1 across
     Align: top left
      

        
     8.5039
     5.6693
     1.4173
     1
     Corners
     0.5669
     ToFit
     1
     1
     0.7000
     0
     0 
     1
     8.5039
     0
            
       D:20151103135701
       8503.9355
       Blank
       8503.9355
          

     Best
     705
     258
    
    
     8.5039
     TL
     0
            
       CurrentAVDoc
          

     8.5039
     1
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base





