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Purpose: To study the occurrence of major congenital abnormalities in children of women
with type 1 and type 2 diabetes and investigate the association between glycated haemoglo-
bin (HbAlc) and major congenital malformations according to type 1 diabetes and type 2
diabetes separately.

Patients and methods: In this register-based study, all singletons born alive from
January 1, 2000 to December 31, 2015 in the North Denmark and Central Denmark regions
of Denmark and their mothers were included. We used data from Danish health registers and
the LABKA database. Logistic regression models were used to compute crude and adjusted
prevalence odds ratios (cORs and aORs) with 95% confidence intervals (CIs) for major
congenital malformations overall and for subtypes, by type of maternal pre-existing diabetes
and HbAlc levels.

Results: Among 314,245 infants included, 2020 (0.64%) had mothers with type 1 diabetes
and 498 (0.16%) had mothers with type 2 diabetes. We found an aOR of 2.9 (95% CI: 2.5,
3.5) and 1.9 (95% CI: 1.3; 2.8) for major malformations for type 1 and type 2 diabetes,
respectively. The highest occurrence was seen for major congenital heart diseases, but we
also observed higher occurrence of several other non-cardiac malformations. For both type 1
and type 2 diabetes, the prevalence of major congenital malformations increased with higher
levels of maternal HbAlc with no safe threshold level. Mothers with type 1 diabetes had
higher risks than those without diabetes irrespective of HbAlc, and women with HbAlc
levels >9.5% had 8 times the odds of major congenital malformations [aOR 8.7 (95% CI:
5.4; 14.5)].

Conclusions: The prevalence of major congenital malformations progressively increased
with poorer glycemic control during pregnancy, with no obvious safe threshold level, for
both type 1 and type 2 diabetes.

Keywords: congenital heart diseases, diabetes, epidemiology, malformations, pregnancy,
register-based research

Introduction

Diabetes mellitus remains a major health concern, with an increasing incidence
among women of reproductive age.'”> In pregnancies complicated by pre-existing
diabetes, women and their offspring face higher risks of adverse pregnancy out-
comes, including congenital malformations. Despite advances in prenatal diabetic
care, the risk of congenital malformations remains much higher than in the general

population.
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While it is well known that children born of women
with type 1 diabetes face higher risk of congenital mal-
formations and that high glucose concentrations are the
primary major teratogen, the literature is less robust in
terms of the risk of congenital malformations in children
of women with type 2 diabetes. Further, the optimal target
levels for glycemic control in pregnancies of women with
pre-existing diabetes are controversial and the therapeutic
thresholds recommended in different countries’ clinical
guidelines vary accordingly.

In 2017, Eriksen et al reviewed the existing nine stu-
dies on the association between glycemic control in preg-
nancies affected by type 1 diabetes and congenital
malformations.’> Overall, they reported an association
between HbAlc and congenital malformations. However,
most studies were small with limited statistical power and
only had the ability to study congenital malformations
overall, with HbAlc in broad categories, and with limited
confounder control. In 2018, a large Swedish register-
based study showed a strong association between HbAlc
and major cardiac malformations in women with type 1
diabetes.* They found no increased risk of major non-
cardiac malformations but had limited statistical power
and did not have the ability to study specific types of
malformations.

Thus, the current literature for type 1 diabetes points
toward a progressively increased risk of congenital mal-
formations with poorer glycemic control, but this knowl-
edge is currently based on few and mainly small studies
and there is a need for larger studies exploring the associa-
tion in more detail. Furthermore, to the best of our knowl-
edge, no study has assessed the association between
HbAlc and congenital malformations in women with
type 2 diabetes.

Therefore, we aimed to investigate the occurrence of
major congenital malformations in offspring of women
with pre-existing diabetes, while studying subtypes of
major congenital malformations and according to type of
diabetes. Further, we aimed to study the association
between level of glycemic control, measured by HbAlc
and major congenital malformations in women with pre-
existing diabetes, according to type of diabetes.

Patients and Methods

The study population comprised all singleton children
born in the North Denmark and Central Denmark regions
between January 1, 2000 and December 31, 2015 with
follow-up of all children until December 31, 2016. We

children with chromosomal abnormalities,
based on the International Classification of Diseases,
10th edition (ICD-10) (please see ICD-10 codes in Table
S1) and those born of women diagnosed with gestational

diabetes in the index pregnancy (ICD-10: 0244, 0249).

5,6

excluded

The Danish Civil Registration System™ assigns
a unique Civil Registration Number to all residents at
birth or upon immigration, which permits individual-level
data linkage. We linked data from the Danish Medical
Birth Register,” the Danish National Patient Register,®’
19 and the
Clinical Laboratory Information System Research
Database (referred to as the LABKA database'").

The Danish Medical Birth Register’ gathers data on in-

hospital and home-based deliveries, including information

the Aarhus University Prescription Database,

on maternal medical history, lifestyle, and delivery of the
child. From the Danish National Patient Register,’ we
obtained information on all inpatient and outpatient hospi-
tal contacts, including date of admission and diagnosis
codes, recorded according to ICD-8 from 1978 to 1993
and ICD-10 from 1994 onwards. The Aarhus University
Prescription Database contains data on prescriptions
redeemed at all community pharmacies in the North
Denmark and Central Denmark regions. The LABKA
database'' is a computer-based laboratory information sys-
tem containing the results of all routine blood tests per-
formed in public and private hospitals, as well as ordered
by general practitioners in the North Denmark and Central
Denmark regions, which serve one-third of the Danish
population (approximately 2.2 million inhabitants).

Ascertainment of Exposures

Pre-Existing Diabetes

We classified women as having type 1 diabetes if they were
registered in the Danish National Patient Register with type 1
diabetes (ICD-8: 249; ICD-10: E10, 0240) until two weeks
post-partum, or women with two or more redeemed prescrip-
tions for insulin (A10A) prior to delivery. We classified
women as having type 2 diabetes if they were registered in
the Danish National Patient Register with this diagnosis (ICD-
8:250; ICD-10: E11, O24.1) until two weeks post-partum.

Glycemic Control, Assessed by Glycated
Haemoglobin (HbAIc)

We obtained measurements of HbAlc from the LABKA
database from estimated conception of birth. The esti-
mated conception was calculated by subtracting the gesta-
tional age in days minus two weeks from the date of
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delivery. If more than one HbAlc value was recorded, we
used the first, as the exposure window of interest is early
pregnancy.

We assessed HbAlc continuously and in categories
based on predefined levels. For type 1 diabetes, we used
the following six categories of HbAlc: <5.5, 5.5 to <6.5;
6.5 to <7.5; 7.5 to <8.5; 8.5 to <9.5; and >9.5%. For type 2
diabetes, we used five categories due to lower power:
<5.5; 5.5 to0 <6.5; 6.5 to <7.5; 7.5 to <8.5; and >8.5%.

Ascertainment of Outcomes

Information on congenital malformations diagnosed at or
after birth was available from the Danish National Patient
Register from January 1, 2000 until December 31, 2017
allowing a minimum of two-year follow-up of all children.
The main outcome of interest was major congenital mal-
formations overall, categorized using ICD-10, in accor-
dance with the European Surveillance of Congenital
Malformations (EUROCAT) classification (Table S1).

We further studied major congenital heart diseases and
other congenital malformations subdivided into the follow-
ing: nervous system, eye, ear, face or neck, orofacial
clefts, respiratory system, digestive system, abdominal
wall defects, urinary system, genital organs, musculoske-
letal system, and other congenital malformations. If an
infant was born with both a major and a minor malforma-
tion, they were coded as having the major malformation.
Infants with more than one major malformation were
included in more than one category.

Statistical Analyses

We computed the prevalence with 95% confidence inter-
vals (CIs) of congenital malformations among children
born of women without diabetes and children of women
with pre-existing diabetes (both type 1 and type 2 dia-
betes), as well as according to HbAlc levels. We used
logistic regression to compute the crude prevalence odds
ratio and adjusted prevalence odds ratio (aOR) with 95%
CIs for major congenital malformations overall and for
subtypes. First, we studied the risk of major malformations
according to type of maternal pre-existing diabetes in the
whole population of offspring, comparing children of
mothers with diabetes to children of mothers without dia-
betes. Second, we studied the risk of major congenital
malformations according to the predefined levels of
HbAlc (<5.5, 5.5 to <6.5; 6.5 to <7.5; 7.5 to <8.5; 8.5 to
<9.5; and >9.5% for type 1 diabetes and <5.5; 5.5 to <6.5;
6.5 to <7.5; 7.5 to <8.5; and >8.5% for type 2 diabetes).

Here, we fitted two models with different reference groups
to explore the risk of major congenital malformations,
both within women with diabetes and compared to the
general population without diabetes.

In model 1, we compared the prevalence within the
group of women with diabetes, using the lowest HbAlc
level (<5.5%) as reference group. In model 2, women
without diabetes served as the reference group. The ana-
lyses were performed allowing for clustering under the
mothers’ identification number, and analyses were
adjusted for maternal age, maternal cigarette smoking
during pregnancy, parity, and year of delivery, categorized
as shown in Table 1. In a subset, we further adjusted for
maternal body mass index in early pregnancy, which was
available from 2004 to 2016. Finally, we included HbAlc
levels as a continuous variable in the regression model and
estimated the risk of major congenital malformations over-
all, as a function of HbAlc level.

We also performed sub-analyses. First, we restricted
the analyses to women with HbAlc measurements within
the first 140 days after conception. This allowed us to
evaluate whether estimates changed when only measure-
ments made during the time of organogenesis were used.
Second, as there may be a risk of detection bias in analyses
restricted to congenital abnormalities diagnosed close to
birth, we included all congenital malformations diagnosed
up to 5 years post-partum. Third, we repeated the analyses
adjusting for hypertensive disorders of pregnancy as pre-
eclampsia and hypertension may be confounding factors.

All analyses were performed using the Statistical
Analysis System (SAS) statistical software package, ver-
sion 9.4. The study was approved by the Danish Data
Protection Agency (record number: 2013—41-2096) and
Statistics Denmark. According to Danish legislation,
Institutional Review Board approval is not required for
register-based research.

Results

After excluding children with chromosomal abnormalities
(n=1422) and infants born of women with gestational dia-
betes (n=7226), the final study population comprised 314,245
singleton children [153,139 girls (48.7%) and 161,106 boys
(51.3%)], who were born alive in the North Denmark and
Central Denmark regions between January 1, 2000 and
December 31, 2015 (Figure 1). Among them, 2020 children
were born to mothers diagnosed with type 1 diabetes and 498
children were born to mothers diagnosed with type 2 diabetes
(Table 1). The prevalence of both type 1 and type 2 diabetes
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increased during the study period (Table 1 and Figure 2).
Table 1 presents maternal characteristics according to pre-
existing diabetes status. Compared to mothers without dia-
betes, those with diabetes were on average older, with higher
parity, and more often overweight or obese.

Pre-Existing Diabetes

In total, 8295 cases of major congenital malformations were
observed. Among these, 153 were diagnosed in children
whose mothers had type 1 diabetes and 26 were diagnosed
in children whose mothers had type 2 diabetes (Table 2).

Type | Diabetes

Among children of mothers with type 1 diabetes, we found
an overall aOR for malformations of 2.9 (95% CI: 2.5, 3.5)
compared to unexposed children. The highest prevalences
among exposed children were observed for major conge-
nital heart diseases [aOR: 5.0 (95% CI: 4.1; 6.2)], major
eye malformations [aOR: 2.9 (95% CI: 1.4; 6.1)], major
malformations of the respiratory system [aOR: 2.7 (95%
CI: 0.9; 8.5)] and major malformations of the digestive
system [aOR: 2.0 (95% CI: 1.0; 4.3)] (Table 2).

Type 2 Diabetes

Children born to mothers with type 2 diabetes had 90%
increased odds [aOR: 1.9 (95% CI: 1.3; 2.8)] of major
malformations overall compared to unexposed children.
Of the 26 children with major congenital malformations
born to mothers with type 2 diabetes, 15 had congenital
heart diseases. In regard to type of malformation, we
found an aOR of 3.0 (95% CI: 1.8; 5.0) for major con-
genital heart diseases. The risks of other subtypes were
consistently above 1, but with CIs overlapping 1 (Table 2).

Glycemic Control

Measurements of HbAlc were available for 1786 (88%)
women with type 1 diabetes and for 397 (80%) women
with type 2 diabetes.

Figure 3 shows the predicted prevalence of malformations
in offspring of mothers with pre-existing diabetes according
to level of maternal HbAlc. The risk increased substantially
with increasing maternal HbAlc. Children of women with
HbA 1c below 6.5% also had a higher risk of major congenital
malformations compared to the general population.

Type | Diabetes

For type 1 diabetes, the prevalence of major congenital
malformations increased from 4.3% (95% CI: 1.8; 6.9)
among children of mothers with HbAlc levels <5.5% to

19.8% (95% CI: 13.0; 26.7) among children born to
mothers with HbAlc levels > 9.5%. Compared to children
of mothers without diabetes, the aORs for major congeni-
tal malformations among infants of mothers with type 1
diabetes were 1.4 (95% CI: 0.4; 2.6) for HbAlc <5.5%,
1.3 (95% CI: 0.7; 2.3) for HbAlc 5.5 to <6.5%, 3.0 (95%
CI: 2.1; 4.3) for HbAlc 6.5 to <7.5%, 3.9 (95% CI: 2.6;
6.0) for HbAlc 7.5 to <8.5%, 6.2 (95% CI: 3.8; 10.2) for
HbAlc 6.5 to <7.5%, and 8.7 (95% CI: 5.4; 14.5) for
HbAlc >9.5% (Table 3, Model 2).

In analyses restricted to women with type 1 diabetes
and using HbAlc <5.5% as the reference level, we found
that the prevalence of major congenital malformations in
offspring increased steadily with HbAlc levels >6.5%.
Compared to HbAlc levels <5.5%, the aORs were 2.1
(95% CI: 1.0; 4.4) for offspring of mothers with an
HbAlc measurement between 6.5 and <7.5% and 6.1
(95% CI: 2.7; 13.8) for offspring of mothers with an
HbAlc measurement >9.5% (Table 3, Model 1).

Type 2 Diabetes

For type 2 diabetes, the prevalence of major congenital
malformations in offspring also increased with higher
levels of maternal HbAlc. For children of mothers with
a HbAlc level >6.5%, the prevalence was 7.5% (95% CI:
2.5%; 12.3%) compared to 2.6% (95% CI: 2.5%; 2.7%)
among children of mothers without diabetes (Table 3).

In analyses comparing infants born to mothers with
type 2 diabetes to children of mothers without diabetes,
we found a tendency toward higher prevalence of major
congenital malformations among the offspring of mothers
with type 2 diabetes. The point estimates increased with
higher levels of HbAlc, but did not reach statistical sig-
nificance (Table 3, Model 2).

Similarly, when we examined the association between
maternal HbAlc levels and major congenital malforma-
tions in offspring within the group of mothers with type 2
diabetes, the risk increased steadily. However, it was sta-
tistically significant only for HbAlc levels of 7.5% to
<8.5% [aOR: 4.8 (95% CI: 1.1; 21.4)] (Table 3, Model 1).

Subanalyses

The results described above did not vary by child gender.
When restricting the analysis to HbAlc measurements per-
formed within the first 140 days after conception, the results
were similar to the main analysis. Analyses including conge-
nital malformations diagnosed up to 5 years after birth yielded
results in the same direction as the main results, but with
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Table | Maternal and Infant Characteristics According to Maternal Diabetes Mellitus Status Among All Singleton Liveborn Infants
Born in the North Denmark and Central Denmark Regions, 2000-2015

Maternal Pregestational Diabetes Total Population
No Diabetes Type | Diabetes Type 2 Diabetes
n % ? n % Prevalence® n % 2 Prevalence® n % 2
Overall 311,727 99.2 2020 0.64 6,43 498 0.16 1.58 314,245 100.0
Maternal characteristics
Maternal age (years)
13-24 39,407 12.6 183 9.1 4.62 20 4.0 0.50 39,610 12.6
25-29 110,890 35.6 614 30.4 5.50 115 23.1 1.03 111,619 355
30-34 110,168 353 713 353 6.42 170 34.1 1.53 111,051 353
235 51,262 16.4 510 25.2 9.8l1 193 38.8 371 51,965 16.5
Parity
0 98,583 31.6 630 31.2 6.34 139 279 1.40 99,352 31.6
| 82,602 26.5 567 28.1 6.80 153 30.7 1.84 83,332 26.5
22 42,956 13.8 332 16.4 7.64 146 29.3 3.36 43,434 13.8
Missing 87,586 28.1 491 243 5.57 60 12.0 0.68 88,127 28.0
Cigarette smoking
No 260,594 83.6 1655 81.9 6.30 397 797 1.51 262,646 83.6
Yes 46,442 14.9 308 152 6.58 87 17.5 1.86 46,837 14.9
Missing 4691 1.5 57 28 11.97 14 2.8 2.94 4762 1.5
Body mass index (kg/m?)
<185 9272 3.0 21 1.0 2.26 6 1.2 0.65 9299 3.0
18.5-24.9 139,860 44.9 663 328 4.72 92 18.5 0.65 140,615 44.7
25.0-29.9 50,107 16.1 411 20.3 8.12 112 225 221 50,630 16.1
230 29,734 9.5 484 24.0 15.89 239 48.0 7.85 30,457 9.7
Missing 82,754 26.5 441 21.8 5.30 49 9.8 0.59 83,244 26.5
Preeclampsia
No 302,875 97.2 1,772 87.7 5.8l 453 91.0 1,48 305,100 97.1
Yes 8852 28 248 12.3 27.12 45 9.0 4.92 9145 29
Hypertension
No 307,314 98.6 1,868 92.5 6.03 450 90.4 1.45 309,632 98.5
Yes 4413 1.4 152 7.5 32.95 48 9.6 10.41 4613 1.5
Diabetic complications
No 311,727 100 1,465 725 4.67 472 94.8 1.50 313,664 99.8
Yes 0 0 555 27.5 955.24 26 5.2 44.75 58l 0.2
Infant characteristics
Gender
Female 151,921 48.7 972 48.1 6.35 246 49.4 1.6l 153,139 48.7
Male 159,806 51.3 1,048 51.9 6.51 252 50.6 1.56 161,106 51.3
Birth year
2000-2002 59,200 19.0 286 142 4.8l 29 5.8 0.49 59,515 18.9
2003-2005 58,036 18.6 320 15.8 5.48 45 9.0 0.77 58,401 18.6
2006-2008 57,015 18.3 334 16.5 5.8l 105 21.1 1.83 57,454 18.3
2009-201 | 53,999 17.3 371 18.4 6.8l 132 26.5 242 54,502 17.3
(Continued)
Clinical Epidemiology 2021:13 https: 619

Dove:


https://www.dovepress.com
https://www.dovepress.com

Arendt et al

Dove

Table | (Continued).

Maternal Pregestational Diabetes

Total Population

No Diabetes

Type | Diabetes

Type 2 Diabetes

n % 2 n % Prevalence® n % 2 Prevalence® n % 2
2012-2014 48,786 15.7 422 20.9 8.56 108 21.7 2.19 49,316 15.7
2015 34,691 1.1 287 14.2 8.19 79 15.9 2.25 35,057 11.2

*Notes: *For maternal and infant characteristics, the column shows the row percentage distribution. Due to rounding to one decimal, the percentages may not add to 100%.
®Prevalence of type | diabetes per 1,000 women. “Prevalence of type 2 diabetes per 1,000 women

Abbreviation: n, number.

slightly attenuated point estimates. Further, when adjusting for
hypertensive disorders of pregnancy, the association between
pregestational diabetes and major congenital malformations
overall was slightly attenuated. For type 1 diabetes, the aOR

All live-born singleton children born in the
Northern and Central region of Denmark
from January 1, 2000 to December 31, 2015
(N =322,893)

was 2.7 (95% CI: 2.3; 3.3), whereas the risk of congenital heart
disease was unchanged [aOR 4.7 (95% CI: 3.7; 5.9)]. When
also adjusting for hypertensive disorders of pregnancy in the
association between HbAlc

and major congenital

Infants with chromosomal abnormalities

(n=1,422)

Infants born of women with gestational diabetes

Final study population
(N =314,245)

v y

Infants of mothers without
diabetes mellitus
N = 311,727)

(n=7,226)

Infants of mothers with pre-
pregnancy diabetes mellitus
(N = 2,518)

y

Children born of mothers
with diabetes mellitus type 1
(N = 2,020)

v

Children born of mothers
with diabetes mellitus type 1
and information on HbAlc
measurement

(N= 1,786)

Figure | Flow chart of the study population.

!

Infants of mothers with
diabetes mellitus type 2
(N = 498)

y

Infants of mothers with
diabetes mellitus type 2 and
information on HbAlc
measurement

(N = 397)
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Diabetes (%)

2000 2002 2004 2006 2008 2010 2012 2014 2016
Birth Year

— Pre-gest (Type 1)

— Pre-gest (Type 2)

Figure 2 Prevalence of maternal diabetes according to calendar years, among all
singleton liveborn infants born in the North Denmark and Central Denmark
regions, 2000-2016.

malformations, the association was unchanged with almost
identical point estimates for both type 1 and type 2 diabetes
(Table S2). Finally, we performed sub-analyses restricted to
women with pregestational diabetes and diabetic complica-
tions. We overall found stronger associations between preges-
tational diabetes and major congenital malformations. For type
1 diabetes with diabetic complications, the overall risk of
major congenital malformations was 4.4 (95% CI: 1.3; 14.7).
Regarding specific subtypes of malformations, we found that
the risk of congenital heart defects was 11.5 (95% CI: 3.4;
38.7) and the risk of malformations of the genital organs was
2.7 (95% CI: 1.0; 7.3). Furthermore, the association between
HbA Ic and major congenital malformations among offspring
of women with diabetic complications was stronger, although
with wider ClIs.

Discussion

Main Findings

We found higher occurrence of congenital malformations
in children born to mothers with type 1 and type 2 dia-
betes, with the highest risk of congenital heart defects.
Further, we found that the occurrence of major congenital
malformations progressively increased with higher levels
of HbAlc for both type 1 and type 2 diabetes. The highest
risks were observed for infants of mothers with type 1
diabetes with HbAlc >9.5%.

Strengths and Limitations
This population-based cohort study is among the largest
studies investigating the association between HbAlc in

pregnancy and major congenital malformations among
offspring of women with type 1 diabetes and the first
study assessing HbAlc and risk of major congenital
malformations among offspring of women with type 2
diabetes. A major strength was the large population-
based cohort of Danish health registers known to have
high validity,® allowing complete, and long-term follow-
up of the infants. Information on diabetes from the
Danish National Patient Register is considered valid,
with high positive predictive values for both type 1 and
type 2 diabetes.”® Another major study strength was use
of information on insulin prescriptions to further refine
the diabetes classifications.?” Further, the validity of
congenital malformations has been found to be high,
with a positive predictive value of 88%.?® Several spe-
cific subgroups of malformations have also shown high
cardiac

validity, including

29-31

congenital
malformations.

The LABKA database contains test results for every
blood sample analyzed at any public or private hospital or
from the general practitioners, with minimal risk of data
loss.!! Thus, it is reasonable to assume that information on
glycemic control was almost complete within our cohort.
As HbAlc levels reflect the average blood glucose within
the preceding 8-12 weeks, they provide information on
long-term glycemic control. For congenital malformations,
the critical time period for optimal glycemic control is
during organogenesis in the first trimester. In sub-
analyses, we restricted HbAlc measurements to the first
140 days of pregnancy.

Our study also has limitations. In registry-based
research, the risk of potential confounding is an important
consideration. We adjusted for several potential important
confounding factors and the crude and adjusted results
were similar, but we cannot rule out confounding by
unknown factors or residual confounding. We had no
information on ethnicity or socio-economic status, which
may have resulted in a risk of confounding. We were able
to adjust for maternal cigarette smoking and body mass
index, but not other lifestyle factors that may increase the
risk of major congenital malformations, eg, maternal alco-
hol consumption and use of recreational drugs.
Furthermore, in a sub-analysis, we further adjusted for
hypertensive disorders of pregnancy which showed similar
results, but we did not take use of medication during
pregnancy into account.

We were only able to include live-born children. There
is an increased risk of stillbirth in pregnancies complicated
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Table 2 Odds Ratios of Major Congenital Malformations According to Type of Pregestational Diabetes Among 314,245 Live Born

Singleton Children, North Denmark and Central Denmark Regions, 2000-2015

Type of Diabetes Total n | Cases Prevalence Crude OR Adjusted® OR
Mellitus n (95% CI) (95% CI) (95% CI)
Major Congenital Maformations, | No Diabetes Mellitus 311,727 | 8116 2.6 (2.5;2.7) Reference Reference
Overall
Type | diabetes 2,020 153 7.6 (6.4;8.7) 3.1 (2.6-3.6) 2.9 (2.5-3.5)
Type 2 diabetes 498 26 523372 2.1 (1.4-3.1) 1.9 (1.3-2.8)
Nervous System No diabetes mellitus 311,727 416 0.1 (0.1-0.1) Reference Reference
Type | diabetes 2.020 <5 0.2 (0.0-0.4) 1.5 (0.6-4.0) 1.6 (0.6-4.2)
Type 2 diabetes 498 <5 0.4 (0.0-1.0) 3.0 (0.8-12.1) 3.3 (0.8-13.2)
Eye No diabetes mellitus 311,727 373 0.1 (0.1-0.1) Reference Reference
Type | diabetes 2.020 7 0.3 (0.1-0.6) 2.9 (l1.4-6.1) 2.9 (1.4-6.1)
Type 2 diabetes 498 <5 0.2 (0.0-0.6) 1.7 (0.2-12.0) 1.6 (0.2-11.5)
Ear, face, neck No diabetes mellitus 311,727 99 0.0 (0.0-0.0) Reference Reference
Type | diabetes 2.020 <5 0.1 (0.0-0.2) 3.1 (0.8-12.7) 3.1 (0.8-12.7)
Type 2 diabetes 498 <5 0.0 (0.0-0.0) 0.0 (0.0-1) 0.0 (0.0-1)
Orofacial Clefts No diabetes mellitus 311,727 524 0.2 (0.2-0.2) Reference Reference
Type | diabetes 2.020 5 0.2 (0.0-0.5) 1.5 (0.6-3.6) 1.2 (0.5-3.3)
Type 2 diabetes 498 <5 0.2 (0.0-0.6) 1.2 (0.2-8.5) 1.3 (0.2-9.0)
Congenital heart diseases No diabetes mellitus 311,727 3048 1.0 (0.9-1.0) Reference Reference
Type | diabetes 2.020 101 5.0 (4.0-6.0) 5.3 (4.4-6.5) 5.0 (4.1-6.2)
Type 2 diabetes 498 15 3.0 (1.54.5) 3.1 (1.9-5.3) 3.0 (1.8-5.0)
Respiratory System No diabetes mellitus 311,727 156 0.1 (0.0-0.1) Reference Reference
Type | diabetes 2.020 <5 0.2 (0.0-0.4) 4.0 (1.5-10.7) 2.7 (0.9-8.5)
Type 2 diabetes 498 <5 0.2 (0.0-0.6) 4.0 (0.6-28.8) 3.2 (0.4-23.2)
Digestive System No diabetes mellitus 311,727 541 0.2 (0.2-0.2) Reference Reference
Type | diabetes 2.020 7 0.3 (0.1-0.6) 2.0 (0.94.2) 2.0 (1.04.3)
Type 2 diabetes 498 <5 0.4 (0.0-1.0) 2.3 (0.6-9.3) 2.3 (0.6-9.3)
Abdominal wall defects No diabetes mellitus 311,727 74 0.0 (0.0-0.0) Reference Reference
Type | diabetes 2.020 <5 0.0 (0.0-0.1) 2.1 (0.3-15.0) 2.5 (0.4-18.3)
Type 2 diabetes 498 <5 0.0 (0.0-0.0) 0.0 (0.0-1) 0.0 (0.0-1)
Genital Organs No diabetes mellitus 311,727 878 0.3 (0.3-0.3) Reference Reference
Type | diabetes 2.020 10 0.5 (0.2-0.8) 1.8 (0.9-3.3) 1.7 (0.9-3.2)
Type 2 diabetes 498 <5 0.2 (0.0-0.6) 0.7 (0.1-5.1) 0.7 (0.14.7)
Urinary System No diabetes mellitus 311,727 948 0.3 (0.3-0.3) Reference Reference
Type | diabetes 2.020 10 0.5 (0.2-0.8) 1.6 (0.9-3.0) 1.5 (0.8-2.8)
Type 2 diabetes 498 <5 0.4 (0.0-1.0) 1.3 (0.3-5.3) 1.3 (0.3-5.2)
Musculoskeletal System No diabetes mellitus 311,727 1007 0.3 (0.3-0.3) Reference Reference
Type | diabetes 2.020 9 0.4 (0.2-0.7) 1.4 (0.7-2.7) 1.2 (0.6-2.5)
Type 2 diabetes 498 <5 0.4 (0.0-1.0) 1.2 (0.3-5.0) 0.6 (0.14.3)
Other Malformations No diabetes mellitus 311,727 587 0.2 (0.2-0.2) Reference Reference
Type | diabetes 2.020 6 0.3 (0.1-0.5) 1.6 (0.7-3.5) 1.5 (0.7-3.4)
Type 2 diabetes 498 <5 0.6 (0.0-1.3) 3.2 (1.0-10.0) 2.9 (0.9-8.9)

Note: *Adjusted for maternal age, cigarette smoking, parity, and year of birth.

Abbreviations: Cl, confidence interval; n, number; OR, odds ratio.
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Figure 3 Prevalence (%) of major congenital malformations according to level of maternal HbA|c among all singleton liveborn infants of mothers with pre-existing diabetes,

in the North Denmark and Central Denmark regions, 2000-2016.

by diabetes and the proportion of terminated pregnancies
and spontaneous abortions in which fetuses have congeni-
tal malformations is considerably higher than in pregnan-
cies resulting in live-born offspring.** The termination of
pregnancy after antenatal diagnosis of ie, complex or
severe congenital heart defect is a major issue. Due to
prenatal death and termination of pregnancies, our results
may thus have underestimated the true effect of maternal
diabetes and glycemic control on congenital malforma-
tions (ie, live-birth bias).

We may not have included all congenital malforma-
tions. Whether congenital malformations are diagnosed
within the first year of life depend on type and lethality.
Some milder malformations may be diagnosed later dur-
ing childhood. Another important potential limitation is
the risk of detection bias. Infants of mothers with dia-
betes are more closely monitored during pregnancy and
postpartum, thus more likely to be diagnosed with con-
genital malformations. While it is difficult to assess the
magnitude of this bias, it may lead to higher risk esti-
mates among offspring exposed to maternal diabetes in
pregnancy. We have previously shown that detection bias
for congenital malformations minimizes with longer fol-
low-up>® and, therefore, we performed sub-analyses with
5 years of follow-up. It is reasonable to expect that major

congenital malformations are diagnosed by that age irre-
spective of maternal diabetes status and results were in
the same direction.

Interpretation
Although it is well known that pre-existing maternal dia-
betes is associated with increased risk of congenital

rnalformations,lz’13

the optimal thresholds of glycemic
control remain controversial and the recommendations
from international clinical guidelines on handling pregnan-
cies complicated by pre-existing diabetes are diverging
and rest upon a limited body of evidence.'*'>

In 2006, Inkster et al'® reviewed the literature and iden-
tified 12 studies focused on poor glycemic control and con-
genital malformations in women with pre-existing
diabetes.'® Comparing what they defined as poor glycemic
control with optimal glycemic control, Inkster et al reported
a pooled odds ratio of 3.4 (95% CI: 2.3; 5.2). However, the
cutoff points of poor versus optimal glycemic control dif-
fered substantially in the 12 studies, varying from an HbAlc
of 5.6% to 10.1%. Timing of HbAlc measurements during
pregnancy also differed, making comparisons difficult.
Furthermore, most of the studies were small and few could

adjust for potential confounders.'®
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Table 3 Odds Ratios of Major Congenital Malformations According to Level of HbAlc Among 314,245 Live Born Singleton Children,
North Denmark and Central Denmark Regions, 20002016

Type of Level of HbAIc, % Major Malformations Model 1? Model 2°
Diabetes R a R b
n Prevalence Crude Adjusted Crude Adjusted” OR (95%
95% CI OR OR OR Cl)
(95% CI)
No diabetes - 311,727 | 8,116 2.6 (2.5; 2.7) - - 1.0 1.0 (reference)
Type | diabetes | <5.5 253 I 4.3 (1.8;6.9) 1.0 1.0 1.7 1.4 (0.9; 2.6)
(reference)
55-<65 374 14 3.7 (1.8, 5.7) 1.0 0.9 (0.4; 2.1) 1.5 1.3 (0.7; 2.3)
6.5-<75 509 39 7.7 (54; 10.0) 1.8 2.1 (1.0; 4.4) 3.1 3.0 (2.1; 4.3)
7.5-<85 334 31 9.3 (6.2; 12.4) 23 2.8 (1.3; 6.0) 38 3.9 (2.6; 6.0)
85-<95 185 21 I1.4(6.8; 15.9) 28 4.6 (2.0; 10.1) 4.8 6.2 (3.8, 10.2)
29.5 131 26 19.8 (13.0; 26.7) 5.4 6.1 (2.7; 13.8) 9.3 8.7 (5.3; 14.5)
No diabetes - 311,727 | 8,116 2.6 (2.5; 2.7) - - 1.0 1.0 (reference)
Type 2 diabetes | <5.5 116 <5 3.4 (0.1; 6.8) 1.0 1.0 1.3 1.7 (0.9; 3.5)
(reference)
5.5-<65 173 9 5.2 (0.5; 5.1) 1.5 1.3 (0.4; 4.5) 2.1 0.5 (0.1; 3.9)
6.5 -<75 65 <5 4.6 (0.0, 9.7) 1.4 0.5 (0.0; 4.5) 1.8 2.9 (0.7, 12.2)
7.5-<85 27 <5 1.1 (0.0; 23.0) 35 2.1 (0.3; 13.5) 47 4.8 (1.1;21.4)
28.5 16 <5 12.5 (0.0; 28.7) 4.0 4.2 (0.7; 27.3) 53 1.7 (0.9; 3.5)

Notes: *|: women with diabetes mellitus and HbA | c<5.5% as the reference group, adjusted for maternal age, cigarette smoking, parity and year of birth. "Model 2: women
without diabetes mellitus as the reference group, adjusted for maternal age, cigarette smoking, parity and year of birth.

Abbreviations: Cl, confidence interval; n, number; OR, odds ratio.

In 2017, Eriksen et al’® published a systematic review
and meta-analyses of studies in the last 20 years that
included at least 250 women with pre-existing diabetes.

17-25

Among the nine included studies, only two distin-

guished between minor and major malformations.'>*’
Eriksen et al® reported that the relative risk of congenital
malformations among women with HbA1c levels between
7.0% and 8.0% was 1.9 (95% CI: 1.6; 2.3) compared to
the background population. Recently, a large Swedish
registry-based study® explored major cardiac malforma-
tions and reported that the risk steadily increased with
higher levels of HbAlc, similar to our findings. Even
with HbAlc levels below the recommended 6.5%, the
risk of major cardiac malformations was more than two-
fold increased compared to the general population. They
did not find an association between HbAlc levels and risk
of major non-cardiac malformations but had limited sta-
tistical power.

The 1989 St Vincent Declaration set the goal that
outcomes of pregnancies in women with diabetes should
approximate those of women in the background popula-
tion. Even after decades of medical advancement, dia-
betes remains of major public health and clinical concern
in pregnancies. While our and others’ results strongly

support striving for good glycemic control during preg-
nancy, there is a lack of international consensus on
optimal glycemic control. Currently, the American
Diabetes Association recommends an HbAlc range of
6% (42 mmol/mol) to <7% (53 mmol/mol)'* and in
England, the National Institute for Health and Clinical
Excellence (NICE) advises levels as close to 6% (42
mmol/mol) as possible.'> In Denmark, the national
guideline recommends an HbAlc level <6.5% (47
mmol/mol) during the first half of pregnancy and 5.6%
(38 mmol/mol) during the second half of pregnancy,
balancing the concomitant risk of hypoglycemic
episodes.

Our results underscore the progressive increase in mal-
formation prevalence with higher levels of HbAlc. Even
among those with type 1 diabetes who achieve the recom-
mended optimal HbAlc levels, the prevalence of major
congenital malformations remains higher than in children
of mothers without diabetes. Thus, it is possible that
women affected by type 1 diabetes may never achieve
the same risk profile as the background population, reflect-
ing factors other than glycemic control that play an impor-
tant role for the developing fetus. Future research should

study these aspects further.
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Conclusion

We found that children of mothers with pre-existing dia-
betes face high risks of major congenital malformations,
both cardiac and non-cardiac malformations. Further, the
risks of major congenital malformations progressively
increased with higher levels of HbAlc for both type 1
and type 2 diabetes.
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