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Abstract
Aims/hypothesis The aims of this study were to examine long-term mortality and morbidity rates in mothers with type 1 diabetes,
both overall and according to the level of albuminuria prior to pregnancy, the presence of hypertension, pre-eclampsia and
periconceptional HbA1c.
Methods This study was a part of the EPICOM (Environmental Versus Genetic and Epigenetic Influences on Growth,
Metabolism and Cognitive Function in Offspring of Mothers with Type 1 Diabetes) study, which is a prospective follow-up
study focusing on pregnancies complicated by maternal type 1 diabetes. We carried out a nationwide combined clinical and
register-based cohort study of mortality rates and hospital admissions in mothers with diabetes (n = 986) who gave birth between
1992 and 2000. Control mothers (n = 91,441) were women from the background population, matched according to age and year
of childbirth. Age at follow-up was 32–66 years.
Results Mortality rate was increased threefold in mothers with diabetes compared with control mothers (HR 3.41 [95% CI 2.42,
4.81]; p < 0.0001), and was also increased with pre-gestational kidney dysfunction (normoalbuminuria, HR 2.17 [95% CI 1.28,
3.68]; microalbuminuria, HR 3.36 [95% CI 0.82, 13.8]; macroalbuminuria, HR 12.9 [95% CI 5.45, 30.7]). Moreover, the
presence of hypertension prior to or at any time during pregnancy and of pre-eclampsia also increased mortality rate (hypertension, HR 4.34 [95% CI 2.13, 8.84]; pre-eclampsia, HR 5.55 [95% CI 2.71, 11.4]). Mortality rate also increased with higher levels
of HbA1c in early pregnancy (HbA1c ≤75 mmol/mol [≤9%], HR 2.15 [95% CI 1.31, 3.53]; HbA1c >75 mmol/mol [>9%], HR
6.10 [95% CI 2.67, 14.0]). However, in mothers with diabetes and HbA1c <64 mmol/mol (<8%) in the first trimester and normal
pre-gestational urinary albumin excretion rate (n = 517), mortality rate was comparable with that of control mothers. Among
mothers with diabetes, mortality rate was associated with HbA1c level: per 11 mmol/mol (1 percentage point) increase in HbA1c,
HR was 1.52 (95% CI 1.19, 1.94; p = 0.001). In mothers with diabetes, the overall incidence of hospital admissions was more
than double (incidence rate ratio [IRR] 2.69 [95% CI 2.59, 2.80]; p < 0.0001) that of control mothers, as were admissions with
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various diagnoses from 14 out of 19 ICD-10 chapters. Among mothers with diabetes, the IRR for hospital admissions increased
with the level of HbA1c: per 11 mmol/mol (1 percentage point) increase in HbA1c, HR was 1.07 (95% CI 1.04, 1.10; p < 0.0001).
Conclusions/interpretation Overall, mothers with type 1 diabetes have a two- to threefold increase in mortality and morbidity
rates. HbA1c levels, level of albuminuria around the time of conception, and the presence of hypertension and pre-eclampsia are
important risk factors for mortality/morbidity in this cohort. However, it is reassuring that mothers with type 1 diabetes without
kidney complications and with HbA1c <64 mmol/mol (<8%) in early pregnancy have a similar survival potential during the
period where they are raising their children to that of control mothers from the background population.
Keywords Albuminuria . HbA1c . Hypertension . Maternal . Morbidity . Mortality . Pre-eclampsia . Type 1 diabetes

Abbreviations
IRR
Incidence rate ratio
UAER Urinary albumin excretion rate

Introduction
Type 1 diabetes mellitus is associated with increased morbidity and mortality rates, primarily as a result of acute and chronic complications due to hyperglycaemia. In daily clinic, women with type 1 diabetes who are able to conceive and give birth
to a living infant are considered to have better glycaemic control and be among the healthier group of individuals with type
1 diabetes. In addition, the treatment of type 1 diabetes has
improved immensely with the introduction of self-monitored

blood glucose, HbA1c measurements, use of statins and prevention of kidney failure through the use of ACE inhibitors
[1–4]. The most recent studies report HRs for mortality in
individuals with type 1 diabetes to be between 3.5 and 18.3
[5–9]. The presence of late diabetic complications, such as
kidney disease, has a large impact on survival, and a difference between sex is seen, with higher HRs for women than for
men [6–10]. No studies have looked into the long-term survival rate of an unselected cohort of mothers with diabetes,
covering the period when they raise their children to
adulthood.
An increased risk of death from cardiovascular disease,
infections and metabolic complications has been described,
along with risk of violent death (fatal accidents, suicide, intoxication) and death from other causes [9–13]. In particular,
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ischaemic heart disease has previously been described as a
frequent cause of death among young women (<40 years)
with type 1 diabetes [12]. It is not known whether this is also
the case in mothers with type 1 diabetes receiving modern
treatment.
Individuals with type 1 diabetes have an increased risk of
hospitalisation owing to complications of type 1 diabetes (e.g.
hypoglycaemia, ketoacidosis), but whether young mothers
have an increased incidence of hospitalisation owing to infections, asthma, cancer and psychiatric diagnosis is not known
[14–18].
Therefore, the aim of this study was to examine the longterm mortality rates and risk of hospitalisation after childbirth
in a recent nationwide cohort of mothers with type 1 diabetes.
Mortality rate and the risk of hospitalisation, both overall and
cause-specific, and in relation to kidney disease prior to pregnancy and HbA1c levels in early pregnancy, were evaluated.

Methods
Study design, setting and participants From 1992 to 2000,
pregnant Danish women with type 1 diabetes were prospectively added to a national registry managed by the
Danish Diabetes Association. Information regarding diabetes status and pregnancy outcome was registered by
obstetricians at the eight hospitals in Denmark which
were responsible for antenatal care and delivery of pregnant women with type 1 diabetes. Coverage of cases from
the reporting centres was between 75% and 93%, as previously described [19].
We identified women with type 1 diabetes in the Danish
Civil Registration System who gave birth between 1992 and
2000. These women were included as index mothers (n =
986), and the inclusion criterion was delivery of a live-born
child after 24 weeks of gestation. Statistics Denmark identified approximately 100 control mothers (n = 91,441) in the
Danish Civil Registration System for each index mother.
The matching criteria were: control mothers and index
mothers born the same year, and the control mothers giving
birth to a live-born child of the same sex within ±90 days of
the index mother. Matching was done by the greedy matching
technique [20]. We retrieved information regarding emigration for both groups. Individuals who had emigrated during
the observation period were excluded from further analyses
after the emigration date. We did not exclude index or control
mothers with chronic diseases. This study is a part of the
EPICOM (Environmental Versus Genetic and Epigenetic
Influences on Growth, Metabolism and Cognitive Function
in Offspring of Mothers with Type 1 Diabetes) study
(ClinicalTrials.gov registration no. NCT01559181).
Information concerning the children of these mothers and
details about the study has previously been published [21].
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For a total of 862 index mothers, it was possible to retrieve additional information from the Danish Diabetes
Association registry (Table 1). The level of albuminuria prior to pregnancy was reported for 728 mothers and was defined as: normoalbuminuria (urinary albumin excretion rate
[UAER] ≤30 mg/24 h or ≤20 μg/min), microalbuminuria
(UAER between 30 and 300 mg/24 h or between 20 and
200 μg/min) and macroalbuminuria (UAER ≥300 mg/24 h
or ≥200 μg/min). One pre-gestational HbA1c measurement
and one measurement per trimester were reported to the
registry. Local assays were used and correction was made
to a common standard, as described previously [22]. We
were able to retrieve first trimester HbA1c measurements
for 828 pregnancies; pre-gestational HbA1c measurements
served as a surrogate in 20 pregnancies. Hypertension was
defined as BP >140/90 mmHg or treatment with antihypertensive drugs prior to or during pregnancy and was reported
for 748 mothers with type 1 diabetes. Information on preeclampsia, which was defined as blood pressure >140/
90 mmHg and proteinuria 2+ on a urine protein test strip
(equal to 1.0 g/l) before 20 gestational weeks (the common
definition in Denmark at the time of the registry), could be
retrieved for 811 mothers. There were no specific criteria for
the diagnosis of pre-eclampsia in women with diabetic nephropathy (with or without hypertension); it was up to the
decision of the reporting clinician. However, at the time of
the registry, the following principles were often used in
Denmark: in women with diabetic nephropathy the preeclampsia diagnosis was based on the same findings as mentioned above accompanied by a sudden increase of ≥15% in
systolic or diastolic BP.
Mortality and hospital admissions Information on deaths was
retrieved from the Danish Register of Causes of Death [23].
Prior to 1994, diagnoses were classified according to ICD-8,
and from 1994 according to ICD-10 (www.who.int/
classifications/icd/en/). ICD-8 diagnoses were translated to
ICD-10, and for cause-specific mortality, these diagnoses
were categorised into 19 chapters.
Discharge diagnoses describing the primary reason for
hospital admission were retrieved from the Danish
National Hospital Register, which includes nationwide data on all somatic hospital admissions since 1977, and from
1995 it also includes data on outpatient visits [24]. From
the Danish Psychiatric Central Research Register we retrieved information about diagnoses given within the psychiatric system; since there are no private psychiatric hospitals in Denmark, this registry may be considered virtually
complete for hospitalised mental disorders [25]. The discharge diagnoses served as a measure of overall and causespecific morbidity, as described for mortality. Both registers used ICD-8 prior to 1994 and ICD-10 from 1994 and
onwards.
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Table 1 Characteristics of
mothers with pre-gestational type
1 diabetes (index mothers) and
matched control mothers

Diabetologia (2018) 61:1071–1080

Characteristic
n

Index mothers
986

Control mothers
91,441

Bachelor’s degree at follow-up
Maternal age at childbirth, years

319 (32)
29.2 (18–47)

31,899 (35)
29.1 (18–47)

Maternal age at follow-up, years
Baseline characteristics

46.5 (33–67)

46.5 (33–67)

12.6 (0–36)

–

63 (21–143)
7.9 (4.1–15.2)

–

58 (21–119)

–

Duration of diabetes, years (n = 853)
Pre-gestational HbA1c (n = 695)
mmol/mol
%
First trimester HbA1c (n = 828)
mmol/mol
%
Second trimester HbA1c (n = 821)
mmol/mol
%
Third trimester HbA1c (n = 842)
mmol/mol
%

7.5 (4.1–13.0)
50 (22–103)
6.7 (4.2–11.6)

–

51 (21–110)
6.8 (4.1–12.2)

–

Pre-gestational albuminuria
Normoalbuminuria
Microalbuminuria
Macroalbuminuria

616 (62)
67 (7)
45 (5)

–
–
–

258 (26)

–

485 (49)
235 (24)
51 (5)

–
–
–

215 (22)

–

≤140/90 mmHg

701 (71)

–

>140/90 mmHg
Antihypertensive treatment
Status unknown

9 (1)
46 (5)
230 (23)

–
–
–

647 (66)
164 (17)
175 (18)
23.6 (17.8–42.3)

–
–
–
–

Status unknown
Pre-gestational retinopathy
No retinopathy
Simplex
Proliferative
Status unknown
Pre-gestational hypertension

Pre-eclampsiaa
No pre-eclampsia
Pre-eclampsia
Status unknown
Pre-gestational BMI, kg/m2 (n = 823)
Data are presented as mean (range) or number (%)

Baseline data is not available for mothers in the control group since they were matched at follow-up and not
monitored during pregnancy
a

Pre-eclampsia was defined as BP >140/90 mmHg and proteinuria 2+ on a urine protein test strip (equal to 1.0 g/l)
before 20 gestational weeks

Education The educational status of the index and control
mothers at follow-up was retrieved from Statistics
Denmark. The mothers were classified as either having
or not having completed an education to bachelor’s degree level. As there was no information regarding the

educational status of 1240 mothers (1.3%), it was classified as missing.
Statistical analysis We estimated HRs for mortality using stratified Cox regression with each index mother and the matched
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Proportion died (%)

control mothers as a stratum. When performing stratified Cox
regression, the date of entry was the date of childbirth; individuals were censored at the date of emigration or the last date
of registration, 31 December 2012. The date of death was
updated to 31 December 2012, but the Register of Causes of
Death was only updated to 31 December 2011. Hospital admissions were analysed by mixed-effects negative binomial
regression yielding incidence rate ratios (IRRs) as the measure
of association. These data are clustered at two levels. First, the
data for each mother at hospital admission constituted a cluster, and we allowed for this clustering by using a randomeffects model. Second, each index mother and the matched
control mothers constituted a cluster, and we allowed for this
clustering by using robust variance estimates. We used negative binomial regression rather than Poisson regression to allow for over-dispersion. This method is computationally demanding, and we restricted the number of control mothers per
index mother to ten, selected at random, with negligible loss
of precision. We calculated HRs and IRRs with and without
adjustment for educational level.
For hospital admissions, we made two supplementary
analyses. The risk of ever being admitted was analysed using
conditional logistic regression, and the incidence of admissions among mothers who were ever admitted was analysed
using mixed-effects negative binomial regression.
The associations between the levels of albuminuria, HbA1c,
hypertension, pre-eclampsia, mortality rate and hospital admissions were analysed after dividing the index mothers and
the matched control mothers into groups according to the index mothers’ level of albuminuria prior to pregnancy, hypertension either prior to or during pregnancy, pre-eclampsia, and
HbA1c in early pregnancy (HbA1c >75 mmol/mol [>9%], indicating poor control, or ≤75 mmol/mol [≤9%], indicating
adequate control). Mortality rate was further analysed for index mothers with normoalbuminuria. These mothers were
grouped according to HbA1c in early pregnancy (<52 mmol/
mol [<6.9%], 52–63 mmol/mol [6.9–7.9%], 64–75 mmol/mol
[8–9%] or >75 mmol/mol [>9%]) and mortality rate was compared with that of the matched control mothers.
We studied associations between the levels of albuminuria
and HbA1c and mortality rate and hospital admissions solely
among mothers with diabetes. HbA1c, onset of diabetes and
maternal age at follow-up were included as continuous variables, while the level of albuminuria was analysed in groups
using mothers with normoalbuminuria as a reference. Test for
trend in albuminuria was performed with albuminuria as a
continuous variable for both HR and IRR. The calculated
HRs and IRRs for HbA1c correspond to an 11 mmol/mol (1
percentage point) increase.
Statistical analyses were made in Stata 13.1 for Windows
(StataCorp LP, College Station, TX, USA); p values <0.05
were considered significant. The study was approved by the
Danish Data Protection Agency. Since the study was register-
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Fig. 1 Kaplan–Meier plot showing overall mortality rate among mothers
with type 1 diabetes (index mothers) and matched control mothers. Solid
line, index mothers; dashed line, control mothers

based and therefore anonymous, informed consent was not
required. However, the women with type 1 diabetes included
in the original Danish Diabetes Association registry gave informed consent on inclusion.

Results
Mortality rate in mothers with type 1 diabetes compared with
matched control mothers A total of 986 mothers with
diabetes were included in the study along with 91,441
matched control mothers. Of these, 38 mothers with
diabetes and 1049 control mothers died during the observation period.
Mortality rate was significantly increased in mothers with
diabetes (HR 3.41 [95% CI 2.42, 4.81]; p < 0.0001) (Fig. 1,
Table 2). The specific cause of death was known for 963
individuals, and cause-specific mortality rates could be estimated for ten of 19 ICD-10 chapters (Table 2). The most
frequent causes of death are listed in electronic supplementary
material (ESM) Table 1.
Mortality in relation to albuminuria, hypertension, preeclampsia and HbA1c level In mothers with diabetes, we had
information on the pre-gestational level of albuminuria for
74%, on hypertension prior to or during pregnancy for 76%,
on pre-eclampsia for 82% and on knowledge of the first trimester level of HbA1c for 84%. Of the deceased mothers with
diabetes, nine had HbA1c >75 mmol/mol (>9%), six had
macroalbuminuria, two had microalbuminuria, eight had hypertension and nine were diagnosed with pre-eclampsia. Some
mothers with diabetes were represented in more than one
subgroup.
There was a close relation between the level of albuminuria
and mortality rate, but even type 1 diabetic mothers with
normoalbuminuria had significantly increased mortality rate

3.98 (0.54, 29.5)
6.32 (2.76, 14.5)*
4.84 (0.65, 36.2)
30.3 (3.15, 291)*

2.80 (0.38, 20.5)
1.05 (0.26, 4.23)

CNS
Circulation
Respiration
Genitourinary

Unspecified
External influences

–
28.6 (2.97, 275)*
–a
–
–
–

–
4.42 (1.39, 14.1)*
–
–
–
0.92 (0.13, 6.63)

–a
7.68 (0.92, 63.9)

–
46.4 (4.20, 512)*
–
–

–
–
–a
–

–
–
–
–

–

45
12.9 (5.45, 30.7)*

Macroalbuminuria

0.57 (0.14, 2.28)
101 (33.9, 301)*
6.05 (0.79, 46.1)

67
3.36 (0.82, 13.8)

Microalbuminuria

616
2.17 (1.28, 3.68)*

Normoalbuminuria

–
7.26 (2.92, 18.1)*
–
–
4.21 (0.57, 31.3)
0.75 (0.10, 5.35)

0.25 (0.03, 1.76)
68.3 (25.4, 183)*
5.01 (0.67, 37.7)

–

726
2.15 (1.31, 3.53)*

HbA1c ≤75 mmol/
mol (≤9%)

–
11.41 (1.43, 91.3)*
30.7 (3.19, 296)*
–
–
4.59 (0.61, 34.3)

–
–
–

–

102
6.10 (2.67, 14.0)*

HbA1c >75 mmol/
mol (>9%)

–
9.17 (2.14, 39.2) *
31.0 (3.22, 299)*
–
90.6 (5.64, 1453)*
–

1.07 (0.18, 7.67)
83.5 (16.8, 414)*
–

–

188
4.34 (2.13, 8.84)*

Hypertension

CNS, central nervous system

*p < 0.05

The en dash (–) indicates that an HR could not be generated because no mothers with type 1 diabetes died; a HR could not be generated because no matched control mothers died

Level of albuminuria measured prior to pregnancy; HbA1c data obtained in early pregnancy; hypertension measured both prior to or at any time during pregnancy

Overall and specific mortality rates, based on ICD-10 chapters, are displayed. Only diagnostic chapters with events are shown

Data presented as HR (95% CIs)

17.8 (2.08, 152)*

0.77 (0.29, 2.06)
129 (59.6, 277)*
3.91 (0.53, 29.1)

Neoplasms
Endocrinology
Psychiatric

986
3.41 (2.42, 4.81)*

n
All diagnoses
Main diagnosis

Infections

All

Mortality rate (HRs) for 986 mothers with pre-gestational type 1 diabetes compared with 91,441 matched control mothers

Cause of mortality

Table 2

–
10.7 (2.46, 46.2)*
30.2 (3.14, 291)*
–
–
–

1.38 (0.19, 9.96)
169 (31.0, 928)*
–

–

164
5.55 (2.71, 11.4)

Pre-eclampsia
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compared with the matched control mothers (Table 2). The
same applied to the presence of hypertension and preeclampsia (Table 2). Similarly, we found increasing mortality
rate with increasing HbA1c in index compared with control
mothers (Table 2). Compared with matched control mothers,
mortality rate was also increased in the group of mothers with
type 1 diabetes and no information on the level of albuminuria, hypertension, pre-eclampsia or HbA1c (ESM Table 2).
Only in the group of mothers with diabetes who had
normoalbuminuria prior to pregnancy and HbA1c below
64 mmol/mol (8%) in the first trimester (n = 517) was mortality rate not significantly increased compared with control
mothers (Table 3). Mothers with diabetes, normoalbuminuria
and HbA1c <52 mmol/mol (<6.9%) had an HR of 1.11 (95%
CI 0.36, 3.47), mothers with normoalbuminuria and HbA1c
52–63 mmol/mol (6.9–7.9%) had an HR of 1.53 (95% CI
0.57, 4.11) and mothers with normoalbuminuria and HbA1c
64–75 mmol/mol (8–9%) had an HR of 4.02 (95% CI 1.64,
9.84), whereas mortality rate in the group of mothers with
normoalbuminuria and HbA1c >75 mmol/mol (>9%) was increased with an HR of 3.64 (95% CI 1.15, 11.6) (Table 3).
Using mothers with normoalbuminuria as a reference, the
HR in diabetic mothers with microalbuminuria was 1.07 (95%
CI 0.24, 4.76) and 4.76 (95% CI 1.73, 13.1) in mothers with
macroalbuminuria, and this trend was significant (p = 0.006).
Mortality rate was associated with the level of HbA1c among
mothers with diabetes; per 11 mmol/mol (1 percentage point)
increase in HbA1c, HR was 1.52 (CI 1.19, 1.94; p = 0.001). For
deaths related to circulatory diseases (e.g. heart failure or acute
myocardial infarction) and endocrine diseases (e.g. type 1 diabetic complications), we found increased mortality rate with
increasing HbA1c, and for endocrine diseases mortality rate
also increased with increasing levels of albuminuria.

Incidence of hospital admissions in mothers with type 1 diabetes compared with matched control mothers The overall
incidence of hospital admissions was significantly increased in mothers with diabetes compared with
matched control mothers (IRR 2.69 [95% CI 2.59,
2.80]; p < 0.0001) (Fig. 2, ESM Tables 3–6). The incidence of admissions was increased for several ICD-10
chapters, including endocrine diseases, eye diseases, infections, central nervous system diseases, circulatory
diseases and genitourinary diseases. We also found an
elevated risk of ever being admitted with diseases of the
blood and immune system, psychiatric diseases, respiratory diseases, skin and musculoskeletal diseases, as well
as pregnancy-associated diseases, unspecified diseases
and admissions due to external influences (e.g. car accident, falling, exposure to fire). Altogether, mothers
with diabetes had an increased risk of hospital admissions with diagnoses from 14 out of 19 ICD-10 chapters
compared with control mothers.
When excluding admissions with diagnoses relating to endocrine and eye diseases, the overall incidence of hospital
admissions was still increased in mothers with diabetes compared with control mothers (IRR 1.71 [95% CI 1.64, 1.78];
p < 0.0001) (Fig. 2).
Most of the increased IRRs are explained by an increased proportion of mothers with diabetes ever admitted rather than by a higher number of admissions
among those ever admitted (ESM Table 7). When excluding all outpatient and emergency room visits, we
still found an increased risk of admissions (HR 2.38
[95% CI 2.20, 2.57]; p < 0.0001), and the risk of admissions with specific diagnoses was increased in 15 out of
19 ICD-10 chapters (ESM Table 8).

Table 3 Mortality rate (HRs) for mothers with pre-gestational type 1 diabetes and normoalbuminuria prior to pregnancy (n = 717), according to HbA1c
during early pregnancy, compared with matched control mothers
Cause of
mortality

HbA1c <52 mmol/
mol (<6.9%)

HbA1c ≥52 mmol/mol (≥6.9%)
and <64 mmol/mol (<8%)

HbA1c ≥64 mmol/mol (≥8%)
and ≤75 mmol/mol (≤9%)

HbA1c >75 mmol/
mol (>9%)

Mothers with T1D, n
All diagnoses
Main diagnosis
Neoplasms
Endocrinology
Psychiatric
Circulation
External influences

276
1.11 (0.36, 3.47)

241
1.53 (0.57, 4.11)

122
4.02 (1.64, 9.84)*

78
3.64 (1.15, 11.6)*

–
58.9 (9.83, 352)*
–
–
2.39 (0.33, 17.4)

0.69 (0.10, 4.91)
17.0 (1.98, 145)*
11.6 (1.42, 94.8)*
3.43 (0.47, 25.3)
–

–
184 (16.7, 2036)*
–
27.6 (7.58, 100)*
–

–
–
–
–
–

Data presented as HR (95% CIs)
Overall and specific mortality rates, based on ICD-10 chapters, are displayed. Only diagnostic chapters with events are shown
*p < 0.05
T1D, type 1 diabetes
The en dash (–) indicates that an HR could not be generated because no mothers with type 1 diabetes died
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Fig. 2 Forest plot displaying IRRs
for hospital admissions, according
to primary diagnosis, for mothers
with pre-gestational type 1 diabetes
compared with matched control
mothers. As mothers with type 1
diabetes are followed in outpatient
clinics and, therefore, have many
more visits to endocrine and eye
clinics, IRRs for endocrine and eye
diseases have been omitted but are
reported in ESM Tables 4 and 5.
Data on the ICD-10 chapters of
congenital malformations and
perinatal disease are not shown
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All diagnoses
All diagnoses except endocrine and eye diseases
Infections
Neoplasms
Blood/immune system
Psychiatric
Nervous system
Ear
Circulation
Respiratory system
Gastrointestinal
Skin
Musculoskeletal system
Genitourinary system
Pregnancy
Unspecified
External influences
1

2

5

IRR (log10)

Incidence of hospital admissions in relation to albuminuria,
hypertension, pre-eclampsia and HbA1c levels In diabetic
mothers we found an increased risk of hospital admissions
with increasing levels of albuminuria compared with matched
control mothers (ESM Table 3). In particular, the risk of admission with infections, endocrine, eye, circulatory, skin and
unspecified diseases, as well as diseases caused by external
influences, was consistently associated with the level of albuminuria prior to pregnancy (ESM Table 3).
When analysing the incidence of hospital admissions
among mothers with diabetes, using mothers with
normoalbuminuria as a reference, we found a trend towards
an increased incidence with increasing level of albuminuria:
microalbuminuria, IRR 1.09 (95% CI 0.94, 1.28);
macroalbuminuria, IRR 1.18 (95% CI 0.98, 1.42); test for
trend, p = 0.051 (data not shown).
In diabetic mothers the presence of hypertension and preeclampsia was also found to be associated with an increased
risk of being admitted both overall and for diagnoses from
several ICD-10 chapters, including infections, endocrinology,
eye and circulatory diseases (ESM Tables 4 and 5).
With increasing levels of HbA1c in early pregnancy, we
found an overall increasing risk of being admitted to hospital
in diabetic mothers compared with control mothers (ESM
Table 6).
Among mothers with diabetes, we found an IRR for hospital admissions of 1.07 per 11 mmol/mol (1 percentage point)
increase in HbA 1c (95% CI 1.04, 1.10; p < 0.0001).
Admissions with diagnoses from the following ICD-10 chapters increased significantly with HbA1c: infections, endocrine,
eye, skin, musculoskeletal, genitourinary, external influences
and unspecified diseases (data not shown).
Education Fewer mothers with type 1 diabetes had a bachelor’s degree (Table 1). However, when adjusting for education, the estimates of mortality and hospital admission rates
remained largely unchanged (data not shown).

Discussion
In this nationwide unselected cohort of 986 mothers with type
1 diabetes who gave birth during the 1990s, the risk of death
from any cause over the next two decades was more than three
times that of age- and childbirth-matched mothers from the
background population. Mothers with diabetes had an increased risk of dying mainly from endocrine, genitourinary,
infectious and circulatory diseases. The presence of diabetic
nephropathy at baseline was found to be a strong indicator of
mortality risk. HbA1c level in early pregnancy was associated
with increased long-term mortality rates, and among mothers
with the poorest glycaemic control the risk of death was increased more than sixfold compared with control mothers.
However, in the group of mothers with HbA1c <64 mmol/
mol (<8%) and no kidney dysfunction, mortality rate was
similar to that of matched control mothers during the important time when they were raising their children to adulthood.
This is an important message for young women with diabetes.
As a surrogate marker of morbidity, the risk of mothers
with type 1 diabetes being admitted to hospital was more than
twice that of control mothers. Besides admissions related to
diabetes (e.g. endocrine and eye diseases), we found an elevated risk of admission with diagnoses from almost all ICD10 chapters. Even after excluding admissions directly related
to diabetes, the overall incidence of admissions was increased.
This illustrates that type 1 diabetes has a global impact on
general somatic and mental health.
The results of the present study of mothers with diabetes
are in line with the results from previous studies on mortality
rates in individuals with type 1 diabetes [5–7, 9, 26], and in
addition this study includes detailed data on morbidity patterns. Like earlier published studies, we found mortality rates
to increase with levels of albuminuria [5–7]. Our study, in line
with that of Lind et al [5], found that mortality rate was twice
as high among type 1 diabetic mothers with
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normoalbuminuria compared with matched control mothers,
despite the fact that our cohort of mothers with diabetes was
relatively young and might have benefitted from the use of
ACE inhibitors over the last 20 years.
Several studies have shown an association between increasing HbA1c level and mortality rate [5, 6, 27, 28]. Lind
et al [5] showed a monotonic increase in mortality rate with
HbA1c, starting at an HbA1c level below 52 mmol/mol (6.9%),
and the DCCT/Epidemiology of Diabetes Interventions and
Complications (EDIC) trial [28] from 75 mmol/mol (9%) and
with a significant increase in mortality rate for women with
HbA1c >75 mmol/mol (>9%) in comparison with men. Our
study supplements these findings and further supports the importance of good glycaemic control by presenting morbidity
results with an increasing risk of admission with increasing
HbA1c, both overall and for most ICD-10 chapters.
Taking into account the modest number of deaths among
the mothers with type 1 diabetes, any conclusions about
changes in the cause of deaths would be vague. However,
our results still show an increase in deaths from endocrine
diseases (e.g. diabetic complications or ketoacidosis), genitourinary and circulatory diseases. In particular, deaths related to
circulatory diseases seem to increase with level of kidney
dysfunction. Therefore, focusing on preventing kidney disease among young women with type 1 diabetes is of utmost
importance.
We did not find an increased risk of admission with increasing level of albuminuria, with the exception of admissions due
to circulatory diseases. We did expect a pattern of an overall
increased number of hospital admissions with decreasing kidney function, but improved antihypertensive treatment with
inhibitors of the renin–angiotensin system in recent years
might have improved the health of these women [29].
The present study has several strengths. The mothers with
diabetes were all included in the cohort by the primary care
physician responsible for their care during pregnancy. This,
along with cross-checks with local discharge and insulin prescription registries, ensured exclusion of women with type 2
diabetes or gestational diabetes [19]. This is an advantage
compared with other registry-based studies, where the diagnosis of type 1 diabetes is often defined as diabetes onset
before the age of 30 and use of insulin. The validity of the
results of some registry-based mortality studies is therefore
limited, as individuals with type 2 diabetes might have been
included in the studies [9, 11, 12]. We had extensive clinical
information on mothers with diabetes and their pregnancies,
and from Statistics Denmark we had national registry data on
mortality, hospital admissions and education. The clinical data
was collected during the 1990s and is confined by the methods
available at the time. In particular, the methods of diagnosis of
pre-eclampsia in women with existing nephropathy and the
use of urine protein test strips can be seen as a weakness of
the study.
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Access to a cohort of women with type 1 diabetes who had
never been pregnant could have further strengthened our
study. However, such women might very well differ from ours
in respect to poorer health resulting in a reduced ability to
become pregnant [30].
Prior studies have shown that the positive predictive value
of discharge diagnoses from the Danish National Hospital
Register ranges between 66% and 83%, and this may give rise
to bias of some of estimates in our study [24]. However, we
used the discharge diagnoses at a chapter level and have no
reason to assume that the validity of diagnoses given to
mothers with diabetes and the control mothers differed, and
therefore we regard this as a minor problem.
The focus on pregnancy in women with diabetes, and
especially on pregnancies further complicated by kidney
disease, hypertension, pre-eclampsia or high HbA1c, obviously meant that medical professionals offered, and
women with diabetes sought, medical help at a lower
threshold compared with control women. We expect that
this could have affected the incidence of hospital visits
among mothers with diabetes, but not their mortality
rates. During the 1990s when our cohort gave birth, an
HbA1c level below 53 mmol/mol (7%) during pregnancy
was considered acceptable glycaemic control. However,
as a result of more recent guidelines, we expect that
pregnant women with diabetes today have a lower
HbA1c. In a Danish study, Secher et al [31] described
tighter glycaemic control among pregnant women with
type 1 diabetes between 2009 and 2011 than among the
women included in our study. Therefore, we would expect the mortality and morbidity rate to be less elevated
among women with type 1 diabetes who have given birth
in recent years.
In conclusion, mothers with type 1 diabetes have increased
mortality and morbidity rates during their offspring’s childhood. This applies to mothers with normoalbuminuria and it
increases with levels of albuminuria and HbA1c. The presence
of hypertension and pre-eclampsia also increases both mortality and morbidity rates. In general, the pattern of diseases
covers almost all groups of diagnoses, indicating the negative
effect of type 1 diabetes on general health. But in the group of
mothers with type 1 diabetes who achieved HbA1c <64 mmol/
mol (<8%) and had no kidney complications, mortality rate
was similar to that of control mothers from the background
population.
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