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ABSTRACT

Introduction Despite technological developments and
intensified care, pregnancies in women with pre-existing
diabetes are still considered high-risk pregnancies. The
rate of adverse outcomes in pregnancies affected by
diabetes in Denmark is currently unknown, and there is a
limited understanding of mechanisms contributing to this
elevated risk. To address these gaps, the Danish Diabetes
Birth Registry 2 (DDBR2) was established. The aims of
this registry are to evaluate maternal and fetal-neonatal
outcomes based on 5 years cohort data, and to identify
pathophysiology and risk factors associated with short-
term and long-term outcomes of pregnancies in women
with pre-existing diabetes.

Methods and analysis The DDBR2 registry is a
nationwide 5-year prospective cohort with an inclusion
period from February 2023 to February 2028 of
pregnancies in women with all types of pre-existing
diabetes and includes registry, clinical and questionnaire
data and biological samples of mother—partner—child
trios. Eligible families (parents age >18 years and
sufficient proficiency in Danish or English) can participate
by either (1) basic level data obtained from medical
records (mother and child) and questionnaires (partner)
or (2) basic level data and additional data which includes
questionnaires (mother and partner) and blood samples
(all). The primary maternal outcome is Hemoglobin

Alc (HbA1c) levels at the end of pregnancy and the
primary offspring endpoint is the birth weight SD score.
The DDBR2 registry will be complemented by genetic,
epigenetic and metabolomic data as well as a biobank for
future research, and the cohort will be followed through
data from national databases to illuminate possible
mechanisms that link maternal diabetes and other
parental factors to a possible increased risk of adverse
long-term child outcomes.

Ethics and dissemination Approval from the Ethical
Committee is obtained (S-20220039). Findings will be
sought published in international scientific journals

15,16

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The Danish Diabetes Birth Registry 2 (DDBR2) is a
national prospective cohort study of Danish preg-
nant women with pre-existing diabetes, their part-
ners and children.

= All pregnant women with pre-existing diabetes in
Denmark are asked for participation in the DDBR2
registry if fulfilling the inclusion criteria.

= The DDBR2 registry includes clinical data, question-
naire data and biological samples throughout preg-
nancy that will be combined with data from Danish
national databases.

= The DDBR2 enables examination of the pathophys-
iology, prevalence of and risk factors for adverse
short-term and long-term outcomes.

= The volume of the data collection is considered to be
sufficient to consider the risk of rare neonatal out-
comes as congenital malformations overall, but not
its association with various risk factors.

and shared among the participating hospitals and
policymakers.
Trial registration number NCT05678543.

INTRODUCTION

In Denmark, approximately 400 pregnan-
cies are complicated by pre-existing diabetes
every year, of which 250 are in women with
type 1 diabetes (T1D), 150 in type 2 diabetes
(T2D) and a few are in other diabetes types
such as maturity-onset diabetes of the young
(MODY), post pancreatitis diabetes or cystic
fibrosis-related diabetes. Pregnancies in
women with pre-existing diabetes are consid-
ered as ‘high risk’ pregnancies as obstetrical
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and neonatal complications are two to four times more
frequent compared with the background population.
Among women with pre-existing diabetes, up to 50% of the
offspring are large for gestational age (LGA) at delivery,
one out of five are delivered preterm and offspring risk
of metabolic disease later in life is increased.'™* During
pregnancy, minimising hypoglycaemia and hypergly-
caemia, achieving appropriate gestational weight gain
and close monitoring of existing diabetes complications,
are considered important to prevent adverse outcomes.”
However, a large proportion of women with pre-existing
diabetes do not reach the goals for glycaemic control
(only 16-42% for T1D and 37-74% for T2D') and/
or weight gain during prof:gnan(:y.1 To further improve
outcomes, clinical care and support for pregnant women
with diabetes and their families, a number of gaps need
to be addressed.

Lack of national data on short-term and long-term adverse
outcomes and patient-reported experiences and outcomes
Although regional Danish projects suggest improved
maternal and fetal outcomes over the past years, up-to-
date data on a national level regarding outcomes of preg-
nancies affected by pre-existing diabetes and to what
extent treatment goals are met, is lacking in Denmark.***
The only national study evaluating maternal and fetal
outcomes, the Danish Diabetes Birth Registry, ran from
1992 to 2000 and only included women with T1D." In
Eastern Denmark, 38% of pregnant women with pre-
existing diabetes have T2D, whereas the numbers are up
to 60% in other European countries.' ** ** Insight into
the national prevalence of pregnancy complications and
comorbidities among women with pre-existing diabetes
and the number of women meeting treatment goals
regarding Hemoglobin Alc (HbAlc) and gestational
weight gain would facilitate evaluations of current care
and knowledge exchange between hospitals/regions.
Moreover, in addition to biomedical outcomes, patient-
reported experiences, patientreported outcomes and
overall well-being should be monitored to evaluate and
further improve clinical care and to inform women with
diabetes better about the expected course of pregnancy.

The unexplored role of parental factors beyond maternal
glycaemic control in relation to adverse short-term outcomes
Beyond glycaemic control, other factors seem to
contribute to adverse short-term outcomes; in a 5-year
study from the national UK cohort, including more than
17000 pregnancies complicated by pre-existing diabetes,
HbAl(_ >48 mmol/mol in the third trimester was the domi-
nating risk factor for perinatal death and LGA infants
(defined as birth weight centile above the 90th percen-
tile).1 However, the study found a steady increase in chil-
dren being born LGA over the years, despite no overall
deterioration in maternal glycaemic control, which
suggests that other factors than HbA contribute to fetal
overgrowth.?’ %

While maternal socio-demographic characteristics
and partner health have been associated with pregnancy
outcomes in women without pre-existing diabetes,”
detailed data on the impact of these characteristics on
pregnancy outcomes in women with pre-existing diabetes
is lacking. Knowledge of how and which of these charac-
teristics are associated with adverse short-term outcomes
could facilitate the identification of women at risk and
target groups for future interventions.

Moreover, among pregnant women without diabetes
and non-pregnant people with diabetes, modifiable
characteristics such as health behaviours (eg, comfort
eating, sedentary behaviour, smoking, alcohol use,
poor sleep, limited self-monitoring) and psychological
distress, particularly pregnancy-related and diabetes-
related distress, have been linked to adverse pregnancy
and diabetes outcomes.”** However, few studies in preg-
nant women with pre-existing diabetes have examined
the role of health behaviours and psychological distress
in relation to adverse outcomes.”™*! Moreover, potential
mechanisms and the role of partner support have not
been explored in this group. Insight into whether these
modifiable characteristics are linked to adverse outcomes,
and possible mediators/moderators, could stimulate new
ideas regarding prevention strategies and intervention
strategies.

The optimal use of diabetes technology?

In the landmark study CONCEPTT, women with T1D,
of which 50% used insulin pumps, were randomised to
continued use of continuous glucose monitoring (CGM)
from early pregnancy until delivery or to routine care.
Overall, continued use of CGM improved neonatal
outcomes.*” In contrast, the overall use of insulin pumps
has not been demonstrated to result in improved preg-
nancy outcomes and the risk of fetal overgrowth is still
high among women using insulin pumps.****” However,
recent data suggests hybrid closed-loop therapy in women
with TID with HbA, 48-86 mmol/mol in early pregnancy
improves maternal glycaemic control in pregnancy,* but
no study using hybrid closed-loop during pregnancy is
powered for fetal outcomes.*® Obtaining detailed infor-
mation on technology use during pregnancy and exam-
ining associations with maternal and neonatal outcomes,
could give helpful insight into which women benefit from
diabetes technology during pregnancy.

Limited understanding of mechanisms involved in increased
offspring risk of future metabolic disease

For T1D, previous studies showed that the offspring of
women with T1D have a higher T1D risk compared with
the background population, but a lower risk compared
with the offspring of fathers with T1D.*™" This suggests
that either differences in heritability of maternal versus
paternal susceptibility genes, maternal imprinting or
maternal diabetes (ie, the intrauterine environment)
modify a child’s inherited risk of developing T1D. The
development of T1D is preceded by a preclinical period
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displaying autoimmunity. Therefore the use of genetic
screening of single-nucleotide polymorphisms possibly
involved in the autoimmune response prior to developing
T1D has been proposed.”

For T2D, genome-wide association studies have
described approximately 250 loci associated with this
condition.” However, the genetic composition of T2D
is dominated by common alleles with a small impact
on the risk of disease.”® As opposed to T1D, the risk of
T2D is higher in the offspring if the mother has T2D in
comparison to when the father has T2D.”* Genetically,
this finding can be explained by a unique parent-of-origin
transmission of the risk alleles and relates to genetic
programming during the intrauterine period.

Later in life, the offspring of women with TID and
T2D have an increased risk of developing obesity, pre-
diabetes and T2D, beyond what can be explained by the
DNA sequence.””® * It is speculated, that the subop-
timal intrauterine environment associated with diabetes
in pregnancy, may lead to epigenetic changes of the fetal
DNA.”® Epigenetics can regulate gene expression and
activity, by closing or opening regions of the genome,
thereby allowing for transcription.”” Such ‘fetal program-
ming of adult disease’ could provide a pathogenic expla-
nation of why some children of mothers with T1D and
T2D diabetes develop long-term adverse outcomes while
others do not.

Inflammatory and metabolic markers of the intra-
uterine environment could provide more insight into the
long-term risk of adverse outcomes among offspring, as
studies have found them to potentially be altered among
adolescent offspring born to women with diabetes.”® ™
The capacity of the placenta to adequately transfer oxygen
and nutrients to the fetus, is also important for the devel-
oping fetus.” Especially, the link between placental
growth factors, pre-eclampsia and fetal size and the
role of exosomes in placental homeostasis, serves as an
area of interest in pregnancies complicated by maternal
diabetes.” !

To enable national surveillance of pregnancies in
women with pre-existing diabetes in Denmark and address
the outlined gaps in the literature, a nationwide cohort
of pregnancies in women with pre-existing diabetes, the
Danish Diabetes Birth Registry 2 (DDBR2) was estab-
lished. By establishing a detailed, national prospective
registry focusing on a broad range of risk factors and
combining this prospective registry with an accompa-
nying biobank with available samples from both women,
partners and children as well as detailed information on
diabetes technology usage, partner and pre-pregnancy
characteristics, health behaviours and psychological
distress, a better insight can potentially be gained into the
course and consequences of pregnancies in women with
pre-existing diabetes.

We expect the DDBR2 to enable the identification of
risk factors of pregnancy complications and comorbidi-
ties during pregnancy and early post partum and identify
barriers to obtaining optimal glycaemic control and an

appropriate gestational weight gain in women with pre-
existing diabetes.

In addition, the inclusion of biological samples from
both women, partners and children in DDBR2 in combi-
nation with detailed data on health, family history of
diabetes, pregnancy outcomes and socioeconomic back-
ground, could help identify offspring at increased risk of
diabetes or metabolic disease in the future.

OBJECTIVES

The aim of the DDBR2 registry is to: (1) evaluate maternal

and fetal-neonatal complications in pregnancies compli-

cated by maternal pre-existing diabetes based on 5 years
cohort data, (2) evaluate the incidence of short-term and
long-term adverse outcomes in pregnancies affected by
pre-existing diabetes and (3) to identify pathophysiology
and risk factors of adverse short-term and long-term
outcomes.

Regarding short-term outcomes, we hypothesise that:

» The risk of maternal and neonatal complications
following a pregnancy complicated by pre-existing
diabetes has decreased since the previous national
registry (DDBR) 1992-2000."

» The use of diabetes technology leads to improved
glycaemic control and fewer pregnancy and neonatal
complications compared with data from DDBR."

» Measures of glucose obtained from CGM are superior
to HbA  measurements as predictors of adverse peri-
natal outcomes.

» Women with a lower socioeconomic status have a
higher risk of adverse outcomes compared with
women with a higher socioeconomic background.

» Partner health and socioeconomic background influ-
ence pregnancy outcomes.

Regarding long-term outcomes, we expect that:

» Epigenetic alterations in offspring cord blood reflect
the intrauterine environment and can be used as
markers for later offspring life health.

» Genetic risk scores for T1D and T2D can be used to
predict offspring risk for later life disease.

» Low-grade inflammation during pregnancy negatively
influences the glucose tolerance of the mother and
perinatal outcomes.

Methods and analysis

DDBR2 is a b-year prospective cohort study with an
inclusion period from February 2023 to February 2028
including pregnant women with all types of pre-existing
diabetes (T1D, T2D, MODY and other diabetes types),
their offspring, and partners. Women and partners are
eligible if they are over 18 years of age and have sufficient
proficiency in Danish or English to understand oral and
written information. During the study period, all women
referred to their local centre for pregnant women with
diabetes (ie, Odense University Hospital, Aarhus Univer-
sity Hospital, Aalborg University Hospital, Rigshospitalet
Copenhagen University Hospital) will be screened for
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eligibility. Eligible women and their partners will be invited
to participate in this study by trained research personnel.
Women and partners can participate at two levels, (1) by
providing basic information only (interview and medical
records (women) or a questionnaire (partners)) or (2)
by providing basic information and additional informa-
tion (questionnaires and blood samples) (tables 1-4
and figure 1). For women, background information will
be collected through an interview conducted by a study
nurse at inclusion. Additionally, throughout pregnancy
and Imonth after delivery relevant information will
be extracted from medical records or during patient
contacts. For partners, background information will be
collected through a short online questionnaire that will
be sent out in early pregnancy. For women and partners
who agree to provide additional information, additional
blood samples will be drawn and additional question-
naires will be sent out at fixed time points. Offspring
participation is also on a two-level basis (basic information
vs basic and additional information). Basic information
will be extracted from the child’s medical record at birth
and 1 month after delivery. For participation with addi-
tional information, offspring cord or heel blood samples
will be collected at birth. Offspring participation depends
on informed consent from custody holders. The set-up of
the DDBR2 registry enables ongoing clinical evaluation
of the data (eg, regional differences and data on women
using hybrid closed-loop systems) throughout the study
period.

Sample size

In the previous Danish Diabetes Birth Registry, a participa-
tion rate of 75-93% across inclusion sites was obtained.'?
By offering participation at two levels (ie, basic informa-
tion vs basic and additional information), a participation
rate of 80% is expected.'” We therefore expect to include
approximately 400 pregnant women each year (T1D:
n=250; T2D: n=150; other types: n=5-10), resulting in an
estimated sample size of 2000 mother—partner—child trios
by the end of the 5-year inclusion period. The recruit-
ment started on the 22 February 2023 and will end on 21
February 2028.

Measures
An extended overview of data and biological samples that will
be collected is provided in tables 1-4. The primary maternal
outcome is HbA levels at the end of pregnancy and the
primary offspring endpoint is the birth weight SD score. The
extended collection of data in the DDBR2 enables reporting
of a range of maternal and fetal-neonatal outcomes. As
secondary outcomes, the following will be included in the
study:

» HbA, levels during pregnancy at inclusion, 21, 33 and
35 weeks.

» The average glucose level and percentage of
time spent in the CGM target range in pregnancy
3.5-7.8mmol/L, below the target range in pregnancy
(glucose <3.5mmol/L) or above the target range in

pregnancy (glucose >7.8mmol/L). The levels will
be evaluated at night-time (00:00 to 06:00) and over
24 hours, respectively, in pregnancy, during delivery
and in the 1-month period after delivery.

» The incidence of severe hypoglycaemia in the year
preceding pregnancy, during pregnancy and in the
l-month period after delivery.

» Maternal gestational weight gain and weight retention
1 month after delivery.

» In women on insulin pump therapy: insulin pump
settings (mainly basal rates, carbohydrate ratio and
sensitivity) in pregnancy, around delivery and in the
l-month period after delivery.

» The prevalence of fetal overgrowth, defined as the
offspring’s birth weight SD score >90th percentile.

» Pregnancy complications: prevalence of induced abor-
tion (including indication for abortion), miscarriage,
gestational hypertension, pre-eclampsia, need for
maternal corticosteroid treatment for fetal lung matu-
ration, diabetic ketoacidosis, urinary tract infection,
early preterm delivery (before 34 completed weeks),
preterm delivery (before 37 completed weeks),
preterm prelabour rupture of the membranes.

» Birth complications: shoulder dystocia, birth canal
trauma, mode of delivery (vaginal, caesarean section,
instrumental delivery), postpartum haemorrhage,
maternal death, antihypertensive treatment given
1 month after delivery.

» Neonatal morbidity (neonatal hypoglycaemia, jaun-
dice, respiratory distress, transient tachypnoea,
duration of stay in neonatal intensive care unit, total
number of admission days), cord blood pH, stillbirths,
infant death within 1 month.

» Major congenital malformations (International Clas-
sification of Diseases 10™ Revision (ICD-10) Q00-Q99
or requiring medical or surgical treatment).

» Infant growth and health at 1 month of age.

» Maternal and partner quality of life in pregnancy and
1 month after delivery.

» Maternal mental health in pregnancy and 1 month
after delivery.

» Average glucose level and the percentage of time in
the first 1-month period after delivery spent in the
CGM target range 3.9-10.0mmol/L, below target
range (glucose <3.9mmol/L) or above target range
(glucose >10.0mmol/L) at nighttime (00:00 to
06:00) and over 24 hours, respectively.

After the study period, the participants will be identified
through Statistics Denmark providing prolonged follow-up
using relevant Danish registries.” This enables the inclu-
sion of data related to morbidity (eg, hospital admissions,
prescribed medication), mortality beyond the neonatal
period, socioeconomic status (eg, level of education, job and
unemployment status, yearly household income), offspring
health (eg, data collected by specialised health nurses in The
National Child Health Register, offspring growth up until
the age of 6-7 years) and grades when finishing primary
school.”” ® Using data from Statistics Denmark we will
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Table 1

Measures in the Danish Diabetes Birth Registry-2 for women during pregnancy

Timing Level of participation

Basic information
During pregnancy

Interview and data from medical records at 8-12 weeks:
Pre-pregnancy information:

History of disease:

Type of diabetes, diabetes duration, presence of diabetes-
related comorbidities, history of gastric bypass/sleeve, other
comorbidities, number of hypoglycaemic events that required
assistance from others during the past year, hypoglycaemia
awareness status.

Prior pregnancies:

Number of prior pregnancies, number of abortions, type and
timing of abortions, year of delivery/abortion, term of prior
pregnancies, birth weight of offspring, complications during prior
pregnancies, mode of delivery prior pregnancies.

Pre-pregnancy use of insulin, diabetes technology and other
medication:

Use of continuous glucose monitoring (CGM), type of sensor and
upload platform in case of sensor use before or during pregnancy
bolus advisor system use, insulin use, other medication, folic acid
supplementation.

Insulin pump use before pregnancy, type and dose of insulin
before pregnancy, carbohydrate ratio and sensitivity before
pregnancy, type of insulin pump if used before pregnancy.
Pregnancy planning:

Data of stopping contraceptives, time of intending to get
pregnant and getting pregnant, fertility treatment, pre-pregnancy
counselling.

Pre-pregnancy information:

Pre-pregnancy height, pre-pregnancy weight, last HbA,  before
pregnancy and date of assessment, last TSH, last vitamin D.
Background information:

Ethnicity, country of birth, household composition, level of
education, employment status, alcohol use, smoking status,
reading and/or writing problems, family history of diabetes.
Medical record—each pregnancy visits to the clinic:

Date of visit, HbA, , current weight, blood pressure, urine
ketone, urine albumin-creatinine ratio current use of insulin/
sensor or bolus calculator, hypoglycaemic events (mild/severe),
ketoacidosis, current use of other anti-glycaemic medication, eye
examination.

Diabetes treatment:

Current insulin dose, insulin pump specifications and settings,
number of finger pricks, CGM information (including uploads,
mean glucose, time above range (>7.8 mmol/L), time in range
(8.5-7.8mmol/L), time below range (<3.5mmol/L) in pregnancy.
Pregnancy complications:

Abortion and type, current comorbidities/treatments and date

of onset (including hypertension, pre-eclampsia), use of lung
maturing medication, premature rupture of membranes (including
timing and result).

Ultrasound scans:

Crown-Rump-Length, head circumference (mm and z-score),
abdominal circumference (mm and z-score), femur length (mm

Women

and z-score), estimated fetal weight (in grams based on Hadlock’s

formula, z-score and in percentage deviation from expected for
gestational age), amniotic fluid index and ‘deepest pocket’ in
cm, uterine artery pulsatility (mean and z-score), umbilical artery
pulsatility index (including z-score).

Additional information

Biological samples at 12 and 28 weeks:

Genetic risk score, epigenetic markers, small RNAs,
inflammatory cytokines, metabolic markers, placental
markers, proteomics, serum and plasma for future
biobank.

Questionnaire around 12 weeks of pregnancy:

Health status (SF-12, V.2),% pregnancy symptoms
hampering physical activity (SSQ), physical activity
(PPAQ-DK),% ° eating habits,”! diet (FFQ), changes
in diet since pregnancy and supplement use (Danish
national birth cohort),”® binge drinking episodes
during pregnancy (Copenhagen Pregnancy Cohort
sleep (PSQI),” history of psychopathology and
psychotropic medication use (SSQs), history of
contact with a psychologist/psychiatrist (SSQs), well-
being (WHO-5),”® 7® depression (EPDS),”” "® perceived
stress (PSS),”°° loneliness (T-ILS),%' diabetes-related
distress (PAID),? fear of hypoglycaemia (HFS-II-w),%
pregnancy worries (CWS),®* relationship duration
(SSQ), marital satisfaction (SSQ), dyadic coping
(DCI),® health literacy (HLSAC),% " satisfaction with
care (PACIC).%8

Questionnaire at 26-29 weeks of pregnancy:

Health status (SF-12, V.2),% changes in pregnancy
symptoms hampering physical activity (SSQ),
physical activity (PPAQ-DK),*® "° diet (FFQ), changes
in diet since pregnancy and changes in supplement
use (Danish national birth cohort),”? changes

in binge drinking episodes during pregnancy
(Copenhagen Pregnancy Cohort),”® sleep (PSQI),"*
changes in psychopathology and psychotropic
medication use (SSQ), changes in contact with
a psychologist/psychiatrist (SSQ), well-being
(WHO-5),” 8 depression (EPDS),”” 7® perceived
stress (PSS),”° % loneliness (T-ILS),%" diabetes-
related distress (PAID),®2 fear of hypoglycaemia
(HFS-11-w),®® pregnancy worries (CWS),®* breast
feeding intention,®® prenatal attachment (MAAS),
satisfaction with care (PACIC).%

)’73

90 91

CWS, Cambridge Worry Scale; DCI, Dyadic Coping Inventory (subscales: Stress communicated by oneself, supportive dyadic coping of the partner,
delegated dyadic coping of the partner, negative dyadic coping by partner, common dyadic coping, evaluation of dyadic coping); EPDS, Edinburgh

Postnatal Depression Scale; FFQ, Food Frequency Questionnaire; HbA

1c?

Hemoglobin Alc; HFS-II-w, Hypoglycaemia Fear Survey-Il — worry

subscale; HLCA, Health Literacy for School-Aged Children; MAAS, Maternal Antenatal Attachment Scale; PACIC, Patients Assessment Chronic
lliness Care; PAID, Problem Areas in Diabetes; PAS-2=PPAQ-DK, Pregnancy Physical Activity Questionnaire; PSQI, Pittsburgh Sleep Quality Index;
PSS, Perceived Stress Scale; SF12, 12 ltem Short-Form (SF-12); SSQ, Study Specific Question; T-ILS, Three Item Loneliness Scale; TSH, Thyroid-

stimulating hormone; WHO-5, WHO - Five Well-Being Index.
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Table 2 Measures in the Danish Diabetes Birth Registry-2 for the partners during pregnancy

Timing Level of participation

Basic information
During pregnancy
Partner

Additional information

Online study-specific questionnaire sent out directly Biological samples at 12 weeks:

after inclusion:

Ethnicity, country of birth, household composition,
level of education, employment status, chronic
disease/history of disease, height, current weight,
alcohol use, smoking status, reading and/or writing

problems, family history of diabetes.

Genetic risk score, epigenetic markers, small
RNAs, inflammatory cytokines, metabolic
markers, proteomics, serum and plasma for future
biobank.

Questionnaire around 12 weeks of pregnancy:
Health status (SF-12, V.2),%8 physical activity (PAS-
2),%%% eating habits,”" diet (FFQ), sleep (PSQI),”*
history of psychopathology and psychotropic
medication use (SSQs), history of contact with

a psychologist/psychiatrist (SSQs), well-being
(WHO-5),”® ’® depression (EPDS),”” "® perceived
stress (PSS),”° 8 loneliness (T-ILS),?" relationship
duration (SSQ), marital satisfaction (SSQ), dyadic
coping (DCI),% health literacy (HLSAC).2¢ 7
Questionnaire at 26-29 weeks of pregnancy:
Health status (SF-12, V.2),%8 physical activity
(PAS-2),°*% diet (FFQ), sleep (PSQI),"*

changes in psychopathology and psychotropic
medication use (SSQ), changes in contact with a
psychologist/psychiatrist (SSQ), well-being (WHO-
5),”5 78 depression (EPDS),”” ® perceived stress
(PSS),”°® Ioneliness (T-ILS),®! prenatal attachment
(PAAs)QO 91

DCI, Dyadic Coping Inventory (subscales: Stress communicated by oneself, supportive dyadic coping of the partner, delegated dyadic

coping of the partner, negative dyadic coping by partner, common dyadic coping, evaluation of dyadic coping); EPDS, Edinburgh Postnatal
Depression Scale; FFQ, Food Frequency Questionnaire; HLCA, Health Literacy for School-Aged Children; PAAS, Paternal Antenatal
Attachment Scale; PAS-2, Physical Activity Scale 2; PSQI, Pittsburgh Sleep Quality Index; PSS, Perceived Stress Scale; SF12=12, ltem Short-
Form (SF-12); SSQ, Study Specific Question; T-ILS, Three Item Loneliness Scale; WHO-5, EHO - Five Well-Being Index.

identify a gender-matched and age-matched control group
in the registries for both women, partners and children. This
allows comparison to pregnancies not affected by diabetes
for both short-term and long-term outcomes on morbidity,
mortality, socioeconomic status and offspring health.

From the original DDBR study described by Jensen et al,
we have information on maternal and neonatal complica-
tions (eg, pre-eclampsia, preterm birth, stillbirth, children
being born LGA and small for gestational age, birth weight)
following a pregnancy complicated by maternal diabetes.'?
We will use these data to study how maternal and neonatal
complications following pregnancies complicated by pre-
existing diabetes have changed over the last 25 years, also after
adjusting for confounders (eg, maternal diabetes complica-
tions prior to pregnancy, maternal body mass index, ketoaci-
dosis or hypoglycaemia and use of pregestational guidance).

Statistical considerations and methods

As this is an observational study, estimates of the expected
precision for primary outcomes of interest are presented.
These estimates of precision may serve as indications for
the other outcomes, which will also be collected during
follow-up. As the study is observational and intends
to recruit all eligible women within the study period, a

conventional sample size calculation based on power and

statistical significance is not relevant.**

Using the formulas provided by Rothmann and Green-
land and data from prior studies, the expected precision
for the main outcomes was calculated.' %" The expected
precision is expressed as the magnitude of the expected
SE and the corresponding, expected width of the 95% CI
of the relevant parameters.

1. For estimating the mean maternal HbA at the end
of pregnancy, the expected SE for our study is 0.35%
(T1D) and 0.37% (T2D) and thus the expected width
of the 95% Cls are 1.35 (T1D) and 1.44 (T2D).!

2. For estimating the mean birth weight, the expected
SEs are 25.4g (T1D) and 32.4g (T2D), with expected
widths of 95% CIs of 99.5g (T1D) and 126.9g (T2D).”

3. For estimating the proportion of children born LGA
the associated SEs are 0.016 (T1D) and 0.018 (T2D)
with expected widths of 95% CIs of 0.062 (T1D) and
0.070 (T2D).!

4. For estimating the risk of LGA in children born to
women with T1D using insulin pumps and for those
using multiple daily injections (MDI), the expected
SEs of the risk are 0.021 (insulin pump) and 0.018
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Table 3 Measures in the Danish Diabetes Birth Registry-2 at birth and after birth for women, partners and children

Timing Level of participation

Basic information Additional information
Birth
Women Medical record:

Gestational age at birth, date of birth, preterm delivery (<37
weeks), reason for preterm delivery, birth injuries, postpartum
bleeding, mortality (cause of death), mode of delivery
(indication for caesarean section), induction of delivery
(reason to induce the delivery, method), hospitalisation
(number of days), use of epidural blockade, fever during
delivery.

Child Medical record: Biological samples (cord blood sample or
Demographics (sex, gestational age, birth weight, crown-heel filter paper):
length, head circumference, abdominal circumference, Apgar Genetic risk score, epigenetic markers,

score). small RNAs, inflammatory cytokines,
Neonatal outcome (major congenital malformations, birth metabolic markers, proteomics, serum and
injury, shoulder dystocia, respiratory distress, transient plasma for future biobank.

tachypnoea, neonatal hypoglycaemia, systemic infections,
admission to neonatal intensive care unit, number of
admission days, hyperbilirubinaemia, cord blood pH), death,
reason for death.

1 month after
delivery

Women Medical record and visit or telephone call: Questionnaire 3—-6 weeks after delivery:
Lactation status, weight, HbA, , insulin dose, number of mild  Health status (SF-12, version 2),68 diet
hypoglycaemia the previous week and severe hypoglycaemia (SSQ, FFQ), sleep (PSQI),”* changes
since delivery. CGM uploads. in psychopathology and psychotropic

medication use (SSQ), changes in contact
with a psychologist/psychiatrist (SSQ)
well-being (WHO-5),”® ® depression
(EPDS),”” "8 perceived stress (PSS),”®

& loneliness (T-ILS),®! diabetes-related
distress (PAID),”® ®° fear of hypoglycaemia
(HFS-lI-w),® breastfeeding practices and
experiences, % satisfaction with care
(PACIC).%

Child Medical record and visit or telephone call:
Length and weight. If the data are collected by telephone,
we will include data on weight and length by using the
measurements from the last visit of the routine health nurses
(planned visits at 7 days and 1 month after delivery). Presence
of congenital malformations. Days with hospitalisation within
the first month of life since discharge after delivery.

Partner Questionnaire 3—-6 weeks after delivery:
Health status (SF-12, V.2),%® physical
activity (PAS-2),%% diet (FFQ), sleep
(PSQI),”* changes in psychopathology
and psychotropic medication use (SSQ),
changes in contact with a psychologist/
psychiatrist (SSQ), well-being (WHO-5),”®
"8 depression (EPDS),”” 7® perceived stress
(PSS),” ® loneliness (T-ILS).%!

CGM, continuous glucose monitoring; EPDS, Edinburgh Postnatal Depression Scale; FFQ, Food Frequency Questionnaire; HbA, ,
Hemoglobin Alc; HFS-II-w, Hypoglycaemia Fear Survey-Il — worry subscale; PACIC, Patients Assessment Chronic lliness Care; PAID,
Problem Areas in Diabetes; PAS-2, Physical Activity Scale 2; PSQI, Pittsburgh Sleep Quality Index; PSS, Perceived Stress Scale; SF12, 12
Iltem Short-Form (SF-12); SSQ, Study Specific Question; T-ILS, Three ltem Loneliness Scale; WHO-5, WHO - Five Well-Being Index.
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Table 4 Biological samples obtained in women, partners and children for planned analysis and biobank for future use

Type

Analysis

Epigenetics

Genetics

Small RNA

Proteomics

Inflammatory
cytokines

Metabolic markers
Placental markers

Plasma and serum
for biobank for
future research

The epigenetic profile of DNA samples extracted from whole blood (10mL) will be characterised by
genome-wide DNA methylation using Infinium HumanMethylation450 BeadChip arrays. Principle
component and hierarchical clustering analyses will be used to identify associations between methylation
patterns and a range of clinical characteristics and biomarkers in women, offspring and partners.

Genomic DNA will be extracted from the buffy coat and will be non-comprehensively genotyped using
lllumina Infinium Global Screening Array. After removing individuals with >10% variant missingness, and/
or extreme inbreeding coefficient in the quality control procedure, data will be imputed using the most
recent updated reference, that is, Haplotype Reference Consortium reference panel build GRCh37.
Polygenic risk scores for type 1 diabetes, type 2 diabetes and other cardiometabolic traits (ie, glucose
levels, blood pressure, lipid levels, insulin secretion, insulin resistance, BMI, weight, waist corrected for
BMI) will be calculated using common SNPs and published weighted scores for phenotypic traits.

The presence of parental small RNAs levels during pregnancy or after delivery will be analysed to identify
predictive biomarkers of maternal and offspring health. 500 pL plasma or serum will be used for the
measurement of circulating small RNAs by either RT-gPCR or sequencing.

Clinical proteomics will be used to (1) identify/evaluate early biomarkers to predict maternal and neonatal
complications as well as metabolic risk profile later in life and (2) investigate if mass spectrometry-based
glycated albumin associates with maternal and neonatal outcome.

Eg, Tumour necrosis factor alpha, interferon gamma, CD163, various chemokines and interleukins and
vascular factors.

Eg, C-peptide, fibroblast growth factor 21, leptin, adiponectin, growth/differentiation factor 15, glycated
CD-59, adrenomedullin, apolipoproteins, cortisol, corticosteroid binding globulin and prolactin.

Eg, Placental growth factor, soluble fms-like tyrosine kinase-1, pregnancy associated plasma protein A
and placental derived exosomes.

*Obtained from women only.
BMI, body mass index; SNPs, single-nucleotide polymorphisms.

(MDI). Thus, the expected SE of the risk difference is
0.028 and the expected 95% Cls for the risk difference

is 0.110.%°

As an observational study with extensive data collection
we plan to report a range of maternal and fetal-neonatal
outcomes (see tables 1-3). For these data, we will analyse
continuous outcomes with linear regression after the assess-
ment of model assumptions (normally distributed residuals).
Binary outcomes will be analysed using risk regression (ie,
generalised linear model, family binomial, identity link).
Subanalysis for T1D and T2D with and without the use of
diabetes technology will be performed separately. To account
for dependency among repeat pregnancies of mothers, we
will use robust variance estimates.

Patient and public involvement statement

The DDBR?2 is directed by a National Research Board
representing all departments providing care to women with
pre-existing diabetes during pregnancy and patient repre-
sentatives. The National Research Board’s task is to provide
input and feedback on both the study setup and execution
throughout the study period and the evaluation process. The
National Research Board will, based on protocols, evaluate
incoming suggestions for future studies using DDBR2 data.

Ethics and dissemination

The DDBR2 study will be carried out in accordance with the
Declaration of Helsinki. Ethical approval for the study has
been provided by the Ethical Committee in the Southern
Denmark Region (5-20220039). In accordance with Danish
legislation, mothers and partners need to provide consent
for their own participation and both parents need to
provide informed consent for their child (ren) to participate.
Anonymity and confidentiality of participants will be ensured
by assigning a study ID number to all participants (both the
women, their partners and offspring).

Data will be entered and stored in the Research Elec-
tronic Data Capture system, REDCap. Data extracted
from medical records will be entered in REDCap
by study personnel. The questionnaire concerning
partner socio-demographic and clinical data and the
additional questionnaires will be filled out electroni-
cally and thereby entered directly into REDCap. The
study adheres to all General Data Protection Regula-
tions and the Danish Act on supplementary provision
to the regulation on the protection of persons about
the processing of personal data and on free move-
ment of these. Findings will be shared among the
participating hospitals, policymakers and academic
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Standard visits
. 1 month
8 Weeks 12 Weeks 20 Weeks 28 Weeks 32 Weeks 36 Weeks Delivery .
after birth
Women Consultations X X X X X X
Consultations
Fetus
Ultrasound X X X X
The Danish Diabetes Birth Registry 2 (DDBR2)
8 Weeks 12 Weeks 20 Weeks 28 Weeks 32 Weeks 36 Weeks Delivery ! mont.h
after birth
Interview/ X X
) phone call
Basic Medical record
. X X X X X X X
review
Interview,
Women / X X
phone call
Additional | Medical record X X X X X X X
review
Blood samples X X
Questionnaires X! X2 X3
Background
Basic information X4
Partner questionnaire
Blood | X
Additional o0 'samp.es T = s
Questionnaires X X X
Basic Me.dlcal record X X
review
Child Medical record
. . X X
Additional review
Blood samples X
Figure 1 The figure is divided in two, displaying the organisation of standard visits for a pregnant woman with pre-existing

diabetes in Denmark at the top and below, the additional visits and data collection included in the Danish Diabetes Birth
Registry 2. 'Early pregnancy questionnaire (sent out directly after the first study visit). >Late pregnancy questionnaire (sent out
at 26 weeks—based on expected due date inclusion). *After birth questionnaire (sent out 3 weeks after birth) 4Background

questionnaire (sent out directly after inclusion).

community (ie, submitted to national and interna-
tional scientific journals and meetings), to promote
quality monitoring and disseminate research results
both nationally and internationally. After the project
end date, the registry data will be transferred to a
future research database under the Danish Steno
Diabetes Centers and the biobank samples will be
transferred to a biobank for future research. After
the project end date, the external researcher can be
granted access to data and/or biobank samples by the
National Research Board, if presenting a protocol
and holding the relevant legal permits.
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