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Abstract
Background: Gestational diabetes mellitus (GDM) is associated with adverse pregnancy outcomes and has maternal health implications reaching beyond the perinatal period. We aimed to investigate the incidence and severity of
cardiovascular and metabolic morbidity in women with previous GDM in a Danish population and to study whether
proxies of impaired beta cell function—insulin treatment during GDM pregnancy and development of subsequent
manifest diabetes mellitus—influence incident risk of cardiovascular and metabolic morbidity.
Methods: A nationwide register-based cohort study was conducted on the complete cohort of 700,648 women
delivering in Denmark during 1997–2018. The exposure variable was GDM and primary outcome was overall cardiovascular and metabolic morbidity. Secondary outcomes were major cardiovascular disease (ischemic heart disease,
heart failure, and/or stroke/transient cerebral ischemia), hypertension, dyslipidemia, and venous thrombosis. Severity of morbidity was assessed using number of hospital contacts with diagnosis codes related to cardiovascular and
metabolic morbidity and number of redemptions of prescribed medication related to cardiovascular and metabolic
morbidity in women who developed cardiovascular and metabolic morbidity after pregnancy.
Results: The median follow-up period was 10.2–11.9 years with a total range of 0–21.9 years. GDM was associated
with increased risk of any cardiovascular and metabolic morbidity (adjusted HR 2.13 [95% CI 2.07–2.20]), major cardiovascular disease (adjusted HR 1.69 [95% CI 1.55–1.84]), hypertension (adjusted HR 1.89 [95% CI 1.82–1.96], dyslipidemia (adjusted HR 4.48 [95% CI 4.28–4.69]), and venous thrombosis (adjusted HR 1.32 [95% CI 1.16–1.50]). Insulin
treatment during pregnancy and subsequent development of manifest diabetes exacerbated the risk estimates.
Previous GDM was associated with more hospital contacts and more redeemed prescriptions in women developing
cardiovascular and metabolic morbidity (p < 0.001).
Conclusions: Previous GDM was associated with significantly higher risk of cardiovascular and metabolic morbidity,
especially incident dyslipidemia. Risks were exacerbated by proxies of beta cell impairment. Severity of morbidity was
significantly worse if GDM preceded cardiovascular and metabolic morbidity.
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Background
Gestational diabetes mellitus (GDM) develops when
the maternal insulin secretion is insufficient to meet
increased insulin demand during pregnancy. Worldwide GDM prevalence ranges from 1% to ≥ 30%,
depending on screening procedures, diagnostic criteria and population characteristics [1]. In Denmark, the
prevalence is 3% [2]. GDM is associated with increased
risk of obstetric complications, including hypertensive
disorders, cesarean section, and preterm delivery [1].
GDM treatment comprises diet and exercise counselling and pharmacological treatments, including insulin
treatment, if blood glucose targets are not met [3].
Women with GDM have a tenfold increased risk of
later development of manifest diabetes mellitus, mainly
type 2 diabetes [4]. Diabetes and insulin resistance are
associated with increased risk of cardiovascular disease
(CVD), which is a main contributor to increased morbidity and leading cause of mortality [5–7]. Recently,
a systematic review and meta-analysis reported a
twofold risk of incident CVD in women with previous GDM, with the association persisting irrespective
of subsequent type 2 diabetes [8]. Therefore, strong
evidence of an association between GDM per se and
CVD is mounting. It is clinically relevant to elucidate
whether the severity of morbidity in women who eventually develop CVD is affected by previous GDM. To
our knowledge, no study has addressed this subject.
Cardiovascular and metabolic morbidity (CVMM) are
intertwined [9]. Albeit, to our knowledge, no previous
studies have investigated dyslipidemia as a metabolic
component of the cardiovascular morbidity spectrum
after GDM. Additionally, whether insulin treatment
during GDM pregnancy is associated with CVMM risk
remains unclear. Insulin treatment in pregnancy may
indicate a more profound insulin resistance and/or
impaired beta cell function, and thus may potentially be
associated with higher risk.
This study sought to investigate long-term CVMM in
Danish women following a GDM diagnosis, based on
data from national registries on the total population of
women delivering in Denmark during 1997–2018. The
study investigated CVMM incidence and severity in
the Danish population of women with previous GDM.
Furthermore, the study investigated whether proxies of
impaired beta cell function—insulin treatment during
GDM pregnancy and development of manifest diabetes
mellitus—influence incident CVMM risk.

Methods
Study design and data sources

This study was a nationwide register-based cohort study.
In Denmark, register data on all individuals are collected
prospectively and are stored in administrative registries.
All permanent residents of Denmark have unique identification numbers; thus individual-leveled linkage of data
across registries is possible [10–12].
We obtained historical data from several registries
provided by Statistics Denmark and The Danish Health
Data Authority. From the Danish Medical Birth Register,
which contains data on pregnancies and live- and stillbirths in Denmark, the population of delivering women
was identified, and pregnancy and delivery data were
provided [13]. The Danish National Patient Registry provided data on ICD-10 diagnosis codes (primary and secondary) of hospital contacts [14], whereas The Danish
National Prescription Register provided data on redemptions of prescribed medication [15]. Additionally, demographic and socioeconomic data were collected from
relevant registers [16–18].
Study population

All women giving birth in Denmark from January 1, 1997
to December 31, 2018 were identified. The study unit
was women and each woman could contribute with ≥ 1
delivery during the study period. Index date was the date
of conception in index pregnancy (first pregnancy in the
study period). We excluded women with preexisting diabetes and/or preexisting CVD at or up to 2 years before
the index date based on selected diagnosis codes and/
or medication (Table 1). The time span of 2 years was
necessitated to secure identical exclusion criteria for all
included women regardless of time of study entry as we
had data from 1995 onwards and as our study period
commenced in 1997. Additionally, we excluded women
with missing data on selected sociodemograhic covariates identified a priori (age, parity, marital status, ethnicity, income, occupation, education).
Exposure

Exposure was GDM defined as GDM diagnosis code
(Table 1) in ≥ 1 pregnancy during the study period; unexposed women had GDM in zero pregnancies. As each
woman may have both GDM and non-GDM pregnancies
during the study period, GDM was treated as a time-varying exposure, thereby facilitating correct exposure status of each pregnancy.

Christensen et al. Cardiovascular Diabetology

(2022) 21:179

Page 3 of 13

Table 1 Definitions of variables according to ICD-10 codes and anatomical therapeutic chemical groups
ICD-10 codes or ATC groups
Exclusion criteria
Preexisting diabetes

ICD-10: E10-E14, O240-O243, O245, O249 and/or
ATC: A10 (except A10BA02) (≥ 2 redemptions)

Preexisting cardiovascular disease (CVD)

ICD-10: I00-I09, I20-I99, G45-G46 and/or
ATC: C01, B01 (≥ 2 redemptions)

Exposure
Gestational diabetes mellitus (GDM)

ICD-10: O244

Outcomes
Any cardiovascular and metabolic morbidity defined as any of:
Dyslipidemia

ICD-10: E78 (and no preexisting dyslipidemia (see below))

Hypertension

ICD-10: I10-I15 (and no preexisting hypertension (see below))

Ischemic heart disease

ICD-10: I20-I25

Pulmonary embolism

ICD-10: I26

Cardiac arrhythmia

ICD-10: I48, I490

Heart failure

ICD-10: I50

Stroke/transient cerebral ischemia (TCI)

ICD-10: I61, I63-I66, G45-G46

Other venous thrombosis

ICD-10: I80-I82

Antithrombotic agents

ATC: B01 (≥ 2 redemptions)

Lipid modifying agents

ATC: C10 (≥ 2 redemptions)

Antihypertensive agents

ATC: C02-C03, C07-C09 (≥ 2 redemptions)

Major CVD defined as any of:
Ischemic heart disease

ICD-10: I20-I25

Heart failure

ICD-10: I50

Stroke/TCI

ICD-10: I61, I63-I66, G45-G46

Hypertension

ICD-10: I10- I15 and/or
ATC: C02-C03, C07-C09 (≥ 2 redemptions) and
no preexisting hypertension (see below)

Dyslipidemia

ICD-10: E78 and/or
ATC: C10 (≥ 2 redemptions) and
no preexisting dyslipidemia (see below)

Venous thrombosis

ICD-10: I26, I80-I82

Potential confounders

At or 2 years before index date

Preexisting dyslipidemia

ICD-10: E78 and/or
ATC: C10 (≥ 2 redemptions)

Preexisting hypertension

ICD-10: I10-I15 (from 2 years before index date until gestational week 20) and/or
ATC: C02-C03, C07-C09 (≥ 2 redemptions from 2 years before
index date until gestational week 20)

Preexisting polycystic ovary syndrome

ICD-10: E282

Preexisting hirsutism

ICD-10: L680

Preexisting metformin

ATC: A10BA02 (≥ 2 redemptions)

Risk factors for outcome

In index pregnancy unless stated otherwise

Preeclampsia

ICD-10: O14 (after gestational week 20)

Gestational hypertension

ICD-10: O13, O16 (after gestational week 20)

Potential intermediate covariates
Insulin treatment (in any GDM pregnancy)
Incident subsequent diabetes prior to outcome

ICD-10: O244E and/or
ATC: A10A (≥ 1 redemption in ≥ 1 GDM pregnancy)

ICD-10: E10-E14, O240-O243, O245, O249 and/or
ATC: A10 (≥ 2 redemptions) and
no incident outcome prior to incident diabetes
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In Denmark, selective GDM screening is performed
based on individual risk factor assessment. GDM is diagnosed if the 2-h venous plasma glucose value at a 75 g
oral glucose tolerance test is ≥ 9 mmol/L [19].
Outcomes

Outcomes were incident CVMM categories based on
selected diagnosis codes and/or medical treatment
(Table 1). To qualify medication as indicative of morbidity, ≥ 2 redemptions of prescribed medication were
required.
The primary outcome was incidence of any CVMM,
defined as diagnosis codes of ischemic heart disease,
heart failure, stroke/TCI, hypertension, venous thrombosis, dyslipidemia, cardiac arrhythmia, and/or medication
(antihypertensive, antithrombotic, and/or lipid modifying agents). Secondary outcomes were incident major
CVD (diagnosis codes of ischemic heart disease, heart
failure, and/or stroke/transient cerebral ischemia (TCI)),
hypertension (diagnosis code and/or medication), venous
thrombosis (diagnosis code), and dyslipidemia (diagnosis code and/or medication). Each woman could experience ≥ 1 outcome event, thus may be represented in ≥ 1
outcome category.
Morbidity severity was investigated in women with
incidence of any CVMM. As proxy for severity, we investigated number of additional hospital contacts with diagnosis codes and number of additional redemptions of
prescribed medication contained within the any CVMM
definition. Numbers were examined within 3 months,
1 year, and 3 years after date of first hospital contact or
redemption. Furthermore, we generated a mortality variable (death of any cause after date of first CVMM).
Follow‑up and risk time

Follow-up commenced 6 weeks after delivery date in
index pregnancy. The scope of this study was incidence
of long-term and not pregnancy-related outcomes, and
thus follow-up was initiated at the end of the postpartum
period.
Risk time commenced at start of follow-up and continued until first occurrence of outcome, death, emigration,
or end of study. However, in case of multiple pregnancies
during the study period, risk time during any subsequent
pregnancy from the date of conception to 6 weeks postpartum was excluded from the total risk time in order to
limit the risk time to the non-pregnant state. Risk time
was categorized as exposed or unexposed depending
on presence or absence of GDM, respectively. However,
due to the nature of GDM and the CVMM outcomes, it
was decided, that it was only possible to contribute with
exposed risk time after GDM exposure, regardless of
potential, subsequent non-GDM pregnancies: thus once
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exposed, always exposed regarding categorization of risk
time.
Covariates

Based on existing literature and a directed acyclic graph,
potential confounders were identified a priori. Data on
these covariates were obtained from the index pregnancy
as baseline data (Tables 1 and 2).
Potential confounders were maternal age, parity (as a
time-varying confounder), pregestational BMI, smoking in pregnancy, ethnicity, marital status, income in
the calendar year prior to delivery, highest level of completed education, occupation, calendar year of delivery,
preexisting hypertension, dyslipidemia, polycystic ovary
syndrome (PCOS)/hirsutism, metformin treatment, and
finally comorbidity as expressed by the Charlson Comorbidity Index (CCI) [20].
Proxies of beta cell impairment were investigated for
their potential influence on CVMM risk. These proxies were insulin treatment during GDM and subsequent
development of manifest diabetes after pregnancy but
prior to outcome (Table 1).
Statistical analyses

For descriptive statistics, Wilcoxon rank sum and chisquared tests were used for non-normally distributed
continuous and categorical variables, respectively. Associations between GDM and outcomes were analyzed
using Cox regression models. In considering non-proportional hazards, we included interaction terms between
study period and age, parity, and index year. Morbidity
severity was investigated using Wilcoxon rank sum test
and logistic regression.
The influence of proxies of beta cell impairment on
CVMM risk was investigated by including ‘insulin treatment during GDM pregnancy’ and ‘subsequent diabetes
prior to outcome’ as time-varying covariates in interaction terms with GDM in the adjusted Cox regression
models. Additionally, in a separate analysis, only ‘subsequent diabetes’ was included as an interaction term for
the outcomes any CVMM and major CVD, thereby generating risk estimates disregarding treatment modality of
GDM and solely examining the influence of subsequent
diabetes on the risk. We used likelihood ratio test to
compare models with and without interaction terms.
Missing data on gestational age at delivery (< 2%) was
handled by imputing the mean gestational age. Extensive
missing data on pregestational BMI was expected as registration in the Danish Medical Birth Register was not
initiated until late 2003; likewise regarding registration
of smoking during pregnancy which commenced in late
1997 [13]. Therefore, these covariates were not included
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in the main adjusted analysis but were handled in sensitivity analyses.
All statistical analyses were performed using STATA 16
software (StataCorp, College Station, TX). P-values < 0.05
were considered significant.
Sensitivity analyses

Several sensitivity analyses were performed. To minimize risk of GDM misclassification, we restricted the
study population to (1) women without previous deliveries prior to the study period, and (2) women with
GDM diagnosis code registered after gestational week
20 and absence of diagnosis code for pregestational diabetes after the index date during the same pregnancy. To
address potential bias due to exclusion of women with
missing data on the selected demographic and socioeconomic data and due to imputation regarding missing
data on gestational age at delivery, we generated missing categories for each confounder instead of excluding
the women, and we excluded women with missing data
on gestational age at delivery instead of imputation,
respectively. Thereafter, we included BMI and smoking
in the adjusted analyses and performed additional sensitivity analyses excluding women with potential risk factors for CVMM present at or during the index pregnancy
(preeclampsia, gestational hypertension, preterm delivery, stillbirth, cesarean section, preexisting hypertension,
dyslipidemia, PCOS/hirsutism, and metformin treatment). Finally, an analysis was performed in which we
commenced follow-up at index date and refrained from
excluding risk time contributed from index/conception
date to 6 weeks postpartum in subsequent pregnancies,
thus facilitating insight into incidence of both pregnancyrelated and long-term outcomes.

Results
Study population

During 1997–2018, 758,963 women had ≥ 1 delivery. We
excluded women with preexisting diabetes (n = 3323),
preexisting CVD (n = 7969), and missing data on the a
priori chosen confounders (n = 47,023). The final study
population comprised 700,648 women; 23,274 (3.3%)
women with and 677,374 (96.7%) women without GDM
(Fig. 1). In women with GDM, 12.9% were treated with
insulin.
A total of 697,173 women entered the survival analyses,
as women experiencing outcomes from the index date to
6 weeks postpartum were censored prior study entry, as
they were not considered as being at risk. Follow-up time
differed among outcome categories, with medians ranging from 10.2 (IQR 4.6–16.3) years to 11.9 (IQR 5.4–11.9)
years; total range was 0–21.9 years. Cumulative incidence
of diabetes from follow-up initiation to first occurrence

Fig. 1 Flowchart of study population. CVD cardiovascular disease,
GDM gestational diabetes mellitus

of outcome, death, emigration, or end of study in women
with and without previous GDM was 16.1% and 1.4%,
respectively.
Baseline data

Baseline data from the index pregnancy are shown in
Table 2. Women with GDM had higher BMI and were
more likely to have preexisting comorbidities; to be of
non-Western origin or descendant; to be in the lowest or
highest income groups; to have a lower educational level;
and have lower employment rate than women without
GDM. Obstetric complications were more prevalent in
women with GDM.
Previous GDM and incident cardiovascular and metabolic
morbidity

Table 3 shows incidence rates and crude and adjusted
hazard ratios (HRs) of outcomes, according to previous GDM. All risk estimates were significantly higher in
women with previous GDM. For any CVMM, a 2.1-fold
adjusted risk was found, whereas the adjusted risk for
major CVD was 1.7-fold. The highest aHR was found for
dyslipidemia (4.48 [95% CI 4.28–4.69]) and the lowest
for venous thrombosis (1.32 [95% CI 1.16–1.50]). For the
subcategory outcome cardiac arrhythmia, significance
was lost in the adjusted analysis (data not shown).
All but one sensitivity analysis resulted in similar
risk estimates as the main analyses; inclusion of BMI
and smoking in the adjusted analysis resulted in minor
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Table 2 Baseline characteristics from index pregnancy according to gestational diabetes mellitus (GDM)
Total
(N = 700,648)

GDM
(N = 23,274)

No GDM
(N = 677,374)

p-values*

Clinical baseline characteristics
Age, years
Primiparity
Pregestational BMI, kg/m2 a
Underweight (< 18.5)
Normalweight (18.5–24.9)
Overweight (25–29.9)
Obesity (≥ 30)
Smoking during pregnancyb
Preexisting hypertension
Preexisting dyslipidemia
Preexisting PCOS/hirsutism
Preexisting use of metformin
Charlson comorbidity score of 0

28 (25–31)
546,257 (78.0)
23 (21–26)
16,691 (4.5)

28 (25–32)
19,607 (84.2)
27 (23–32)

28 (25–31)
526,650 (77.8)
23 (21–26)

< 0.001
< 0.001
< 0.001

309 (2.0)

16,382 (4.6)

240,285 (64.1)

5443 (34.5)

234,842 (65.4)

< 0.001

75,599 (20.2)

4750 (30.2)

70,849 (19.7)

< 0.001

42,042 (11.2)

5255 (33.4)

36,787 (10.3)

< 0.001

105,493 (17.4)

3666 (17.3)

101,827 (17.4)

8672 (1.2)

552 (2.4)

8120 (1.2)

< 0.001

0.719
< 0.001

959 (0.1)

78 (0.3)

881 (0.1)

< 0.001

4605 (0.7)

417 (1.8)

4188 (0.6)

< 0.001

5608 (0.8)

647 (2.8)

4961 (0.7)

< 0.001

693,815 (99.0)

22,949 (98.6)

670,866 (99.0)

< 0.001

615,422 (87.8)

18,483 (79.4)

596,939 (88.1)

< 0.001

Demographic characteristics
Ethnicity
Danish
Immigrant, Western

21,923 (3.1)

617 (2.7)

21,306 (3.2)

< 0.001

Immigrant, Non-Western

52,346 (7.5)

3585 (15.4)

48,761 (7.2)

< 0.001
< 0.001

Descendant
Single/not living with a partner

10,957 (1.6)

589 (2.5)

10,368 (1.5)

86,098 (12.3)

2808 (12.1)

83,290 (12.3)

0.291

Income
Low tertile

220,188 (31.4)

7606 (32.7)

212,582 (31.4)

< 0.001

Middle tertile

239,690 (34.2)

7398 (31.8)

232,292 (34.3)

< 0.001

High tertile

240,770 (34.4)

8270 (35.5)

232,500 (34.3)

< 0.001
< 0.001

Highest completed education
Lower secondary

136,628 (19.5)

5565 (23.9)

131,063 (19.4)

Upper secondary

294,433 (42.0)

9697 (41.7)

284,736 (42.0)

0.260

Post secondary

269,587 (38.5)

8012 (34.4)

261,575 (38.6)

< 0.001

Occupation
503,167 (71.8)

16,016 (68.8)

487,151 (71.9)

< 0.001

Unemployed/welfare payment

Employed

91,627 (13.1)

2,645 (11.4)

88,982 (13.1)

< 0.001

Under education

70,836 (10.1)

2,977 (12.8)

67,859 (10.0)

< 0.001

Early retirement

3342 (0.5)

255 (1.1)

3087 (0.5)

< 0.001

Preeclampsia

25,129 (3.6)

1612 (6.9)

23,517 (3.5)

< 0.001

Gestational hypertension

11,820 (1.7)

924 (4.0)

10,896 (1.6)

< 0.001

Obstetric characteristics

Gestational age at delivery, days
Preterm deliveryc
Stillbirth
Cesarean section
Data presented as median (IQR) or n (%)
BMI body mass index, PCOS polycystic ovary syndrome
*

GDM vs. no GDM

a

N = 374,617

b
c

N = 606,281

Delivery before gestational week 37

280 (273–287)
47,915 (6.8)
2813 (0.4)
136,854 (19.5)

277 (268–283)
2378 (10.2)
200 (0.9)
6601 (28.4)

280 (273–287)

< 0.001

45,537 (6.7)

< 0.001

2613 (0.4)

< 0.001

130,253 (19.2)

< 0.001
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Fig. 2 Cardiovascular and metabolic morbidity according to preceding GDM, insulin-treated GDM, and subsequent diabetes. Forest plot of
hazard ratios for cardiovascular and metabolic morbidity adjusted for age, parity, preexisting PCOS/hirsutism/hypertension/dyslipidemia, Charlson
comorbidity score, ethnicity, marital status, income, education, occupation, and calendar year of delivery. Reference group was women with no
GDM and without subsequent diabetes. Black circles = women without subsequent diabetes; white circles = women with subsequent diabetes.
GDM gestational diabetes mellitus, CVMM cardiovascular and metabolic morbidity, CVD cardiovascular disease

attenuation of the estimates and loss of significance for
venous thrombosis (aHR 0.85 [95% CI 0.67–1.07]).
Insulin treatment in GDM pregnancy, subsequent diabetes,
and incident cardiovascular and metabolic morbidity

Figure 2 shows the adjusted HRs for CVMM outcomes
when the study population was categorized into six
mutually exclusive exposure groups according to GDM,
insulin treatment in GDM pregnancy, and development of subsequent diabetes. The reference group was
women without GDM and without subsequent diabetes. The figure shows a pattern of increasing HRs for
outcomes when preceded by insulin-treated GDM,
compared to non-insulin-treated GDM and non-GDM
pregnancy. This pattern was observed in women with
and without subsequent diabetes. The patterns were
similar, and the overall p-values were significant for all
outcome categories, except for venous thrombosis.

Results on overall effect of GDM (thus disregarding
treatment modality) on risk of any CVMM and major
CVD in women with and without subsequent diabetes
are shown in Fig. 3. The reference group was women
without GDM and without subsequent diabetes.
Adjusted HR for any CVMM was 1.65 [95% CI 1.59–
1.72] in women with GDM and no subsequent diabetes;
4.20 [95% CI 4.04–4.37] in women without GDM and
with subsequent diabetes, whereas it was 5.66 [95% CI
5.38–5.96] in women with GDM and with subsequent
diabetes. For major CVD, the corresponding risk estimates were 1.48 [95% CI 1.33–1.65], 2.19 [95% CI 1.99–
2.42], and 2.47 [95% CI 2.15–2.84].
Severity of cardiovascular and metabolic morbidity

In women with incidence of any CVMM, previous GDM
was associated with older age at index pregnancy (30.3 vs.
29.4 years, p = 0.002) and at first outcome event (39.6 vs.
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Fig. 3 Cardiovascular and metabolic morbidity according to preceding GDM and subsequent diabetes. Forest plot of hazard ratios for
cardiovascular and metabolic morbidity adjusted for age, parity, preexisting PCOS/hirsutism/hypertension/dyslipidemia, Charlson comorbidity
score, ethnicity, marital status, income, education, occupation, and calendar year of delivery. Reference group was women with no GDM and
without subsequent diabetes. Black circles = women without subsequent diabetes; white circles = women with subsequent diabetes. GDM
gestational diabetes mellitus, CVMM cardiovascular and metabolic morbidity, CVD cardiovascular disease

39.4 years, p < 0.001). Previous GDM was not associated
with mortality (adjusted odds ratio 0.9 [95% CI 0.7–1.1]).
Table 4 shows that compared to women without GDM,
the number of hospital contacts with CVMM diagnosis
codes was higher in women with previous GDM within
3 years after initial hospital contact (p < 0.001), but not
within 1 year (p = 0.196). Number of CVMM redemptions was higher in women with previous GDM within
1 year, as well as within 3 years, after initial redemption (p < 0.001). No differences were observed within
3 months (data not shown).

Discussion
This study showed that previous GDM was associated with significantly higher risk of all cardiovascular
and metabolic outcomes and that the association was
exacerbated by insulin treatment in GDM pregnancy in
women with and without subsequent diabetes. Moreover,
we found that previous GDM was associated with more
severe morbidity in women with incident CVMM. The
GDM prevalence of 3.3% was expected considering the
study period, the study population, and the definition of
study unit (women rather than pregnancies).

Table 3 Risk of cardiovascular and metabolic morbidity according to preceding gestational diabetes mellitus (GDM)
GDM

No GDM

HR (95% CI)a

N events Risk timeb IR (95% CI)

N events Risk timeb IR (95% CI)

Crude

Any CVMM

4202

152,321

7,170,185

12.88 (12.79–12.96)

2.17 (2.10–2.23) 2.13 (2.07–2.20)

Major CVD

562

183,312

3.07 (2.82–3.33)

12,208

7,839,093

1.56 (1.53–1.59)

1.97 (1.81–2.14) 1.69 (1.55–1.84)

319

184,764

1.73 (1.55–1.93)

6174

7,879,454

0.78 (0.76–0.80)

2.20 (1.96–2.46) 1.79 (1.60–2.01)

Ischemic heart
disease
Heart failure

27.59 (26.76–28.43) 92,318

Adjustedc

59

186,765

0.32 (0.24–0.41)

918

7,914,654

0.12 (0.11–0.12)

2.77 (2.13–3.60) 2.26 (1.73–2.95)

Stroke/TCI

231

185,690

1.24 (1.09–1.42)

5777

7,881,218

0.73 (0.71–0.75)

1.70 (1.49–1.93) 1.53 (1.34–1.74)

Hypertension

2866

167,369

235

185,138

2185

172,507

Venous thrombosis
Dyslipidemia

17.12 (16.51–17.76) 70,030

7,530,085

9.30 (9.23–9.37)

1.84 (1.77–1.91) 1.89 (1.82–1.96)

7077

7,866,033

0.90 (0.88–0.92)

1.40 (1.23–1.60) 1.32 (1.16–1.50)

12.67 (12.15–13.21) 19,930

7,802,375

2.55 (2.52–2.59)

5.20 (4.97–5.43) 4.48 (4.28–4.69)

1.27 (1.12–1.44)

CVMM cardiovascular and metabolic morbidity, CVD cardiovascular disease, TCI transient cerebral ischemia
a

No GDM as reference

b

Risk time presented in person years and incidence rates (IR) presented as number of events per 1000 person years

c

Adjusted for age, parity, preexisting PCOS/hirsutism/hypertension/dyslipidemia, Charlson Comorbidity Index, ethnicity, marital status, income, education,
occupation, and calendar year of delivery
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Table 4 Severity of morbidity according to preceding gestational diabetes mellitus (GDM)
GDM
(N = 4,232)
Hospital contactsc
Within 1 year

N = 1742

No GDM
(N = 92,604)
N = 34,733

p-value

OR (95% CI)a
Crude

Adjustedb

0 (0–1)

0 (0–1)

0

994 (57.1)

20,589 (59.3)

1 (reference)

1 (reference)

1–2

574 (33.0)

10,775 (31.0)

1.10 (0.99–1.23)

1.13 (1.02–1.26)

1.07 (0.91–1.26)

1.11 (0.94–1.31)

≥3

Within 3 years

174 (10.0)

3369 (9.7)

1 (0–2)

0 (0–1)

0.196

< 0.001

0

854 (49.0)

18,890 (54.4)

1 (reference)

1 (reference)

1–2

609 (35.0)

11,139 (32.1)

1.21 (1.09–1.35)

1.24 (1.11–1.38)

3–4

180 (10.3)

3040 (8.8)

1.31 (1.11–1.55)

1.34 (1.14–1.59)

≥5

99 (5.7)

1664 (4.8)

1.32 (1.06–1.63)

1.37 (1.10–1.70)

Redemptionsd
Within 1 year

N = 3951

N = 83,087

3 (0–5)

3 (0–5)

0–1

1173 (29.7)

30,815 (37.1)

< 0.001
1 (reference)

1 (reference)

2–3

1224 (31.0)

23,268 (28.0)

1.38 (1.27–1.50)

1.42 (1.31–1.55)

4–6

818 (20.7)

16,292 (19.6)

1.32 (1.20–1.45)

1.42 (1.29–1.56)

≥7

736 (18.6)

12,712 (15.3)

1.52 (1.38–1.67)

1.61 (1.46–1.78)

Within 3 years

7 (2–12)

5 (0–11)

0–1

716 (18.1)

22,294 (26.8)

< 0.001
1 (reference)

1 (reference)

2–5

957 (24.2)

21,266 (25.6)

1.40 (1.27–1.55)

1.37 (1.24–1.51)

6–9

741 (18.8)

12,849 (15.5)

1.80 (1.62–1.99)

1.87 (1.68–2.08)

10–13

627 (15.9)

11,234 (13.5)

1.74 (1.56–1.94)

1.92 (1.71–2.15)

≥ 14

910 (23.0)

15,444 (18.6)

1.83 (1.66–2.03)

1.97 (1.77–2.20)

Morbidity severity in women with incident cardiovascular and metabolic morbidity
Data presented as median (IQR) or n (%)
a

Odds ratio, reference group: No GDM and 0 additional hospital contacts or 0–1 additional redemption, respectively

b

Adjusted for age, parity, preexisting PCOS/hirsutism/hypertension/dyslipidemia, Charlson Comorbidity Index, ethnicity, marital status, income, education,
occupation, and calendar year of delivery

c
Number of additional hospital contacts with diagnosis codes within ischemic heart disease, heart failure, stroke/TCI, hypertension, dyslipidemia, venous thrombosis,
and/or cardiac arrhythmia
d

Number of additional redemptions within antithrombotic, lipid modifying and/or antihypertensive agents

Previous GDM and incident cardiovascular and metabolic
morbidity

Consistent with previous findings, our findings indicated
that our overall any CVMM-composite was significantly
higher in women with previous GDM than in women
without GDM. We found a more than twofold increased
risk for any CVMM after GDM. The systematic review
and meta-analysis by Kramer et al. showed that the
crude, relative risk of CVD was nearly twofold in women
with previous GDM and almost 1.6-fold after adjustment for various confounders [8]. The studies included
in the meta-analysis had diverse outcome definitions,
mostly comprising composites. The risk estimates were
significantly heterogeneous but the combined crude risk
estimate approximated that of our any CVMM-composite. A recent Danish register study found a 1.4-fold
increased adjusted risk for overall CVD in women with

previous GDM [21]. This estimate was less than the 2.1fold increased adjusted risk for any CVMM found in our
study. This discrepancy might be explained by the inclusion of medical treatment to identify CVMM and of
the metabolic component of dyslipidemia in our overall
outcome.
The inclusion of dyslipidemia added important new
knowledge regarding a clinically relevant metabolic component of future cardiovascular-related morbidity after
GDM. To our knowledge, dyslipidemia as a separate outcome in association with previous GDM had not been
explored previously. We found that the adjusted risk for
incident dyslipidemia was 4.5-fold in women with previous GDM. For hypertension, the adjusted risk was almost
twofold. Other studies have also investigated hypertension as a separate outcome and found a significant association [21–23]. We defined hypertension and dyslipidemia
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as outcomes per se, albeit they represent independent
risk factors for other CVMMs [9]. Thus, our finding of
the remarkably increased risk of incident dyslipidemia
after GDM is particularly of clinical importance.
Our results on major CVD were consistent with results
from other research teams internationally. Major CVD
constituted grave cardiovascular conditions (ischemic
heart disease, heart failure, and stroke/TCI), and albeit
being of low incidence in absolute numbers, it is remarkable that in our study, previous GDM was associated
with a nearly 70% increased risk for major CVD. For
heart failure specifically, the risk was more than doubled after adjustment for confounders. The latter result
corresponded with findings from the Danish study [21]
and two Canadian studies [24, 25] but contrasted with
findings from a US study [26]. Regarding an association
between GDM and stroke, the evidence is insufficient
according to a scoping review from 2014 [27]. Three
studies have recently contributed with results indicating no association [22, 23, 26]. Two of these studies were
large cohort studies like ours and had study populations
of approximately 1.5 million and 850,000 women [23,
26]. Contrarily, we found a 53% significantly increased
adjusted risk of stroke/TCI in women with previous
GDM. The discrepancy between our results and their
results is potentially explained by the differences in follow-up periods after delivery; they had shorter total follow-up periods (upper range 7 and 1 year) than our study
(upper range 21.9 years). Our data supported findings
from the other Danish register study [21].
As stated previously, GDM screening in Denmark is
selective and based on presence of risk factors. These risk
factors may contribute to the poorer cardiovascular and
metabolic outcome after pregnancy in women with previous GDM and potentially our results could be impacted
by the screening strategy. Yet, in general our findings correspond to those reported in studies from countries with
universal GDM screening, e.g. the US [26] and Canada
[24, 28, 29].
We conducted several sensitivity analyses, thereby
addressing known CVMM risk factors during index pregnancies. All sensitivity analyses resulted in similar, hence
significant, risk estimates as the main analysis, except for
venous thrombosis, as described previously. The association between previous GDM and incident cardiovascular
and metabolic outcomes identified in our study was plausibly robust and not explained by other known risk factors. Additionally, our study revealed that the increased
CVMM risk was evident during pregnancy and the
immediate postpartum period, and thus not restricted to
long-term.
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Insulin treatment in GDM pregnancy, subsequent diabetes,
and incident cardiovascular and metabolic morbidity

To our knowledge, the association between insulin treatment during previous GDM pregnancy and incident
CVMM risk had not been investigated previously. We
found that insulin treatment in GDM pregnancy was
associated with a higher risk of CVMM outcomes than
no insulin treatment. For example, in women without
subsequent diabetes prior to outcome, a 30% increase in
incident any CVMM risk was observed among women
with previous insulin-treated GDM, compared to women
with non-insulin-treated GDM. For the outcome dyslipidemia, the corresponding risk was almost doubled.
Additionally, the pattern of increased risk in association with insulin treatment was observed in women with
subsequent diabetes. Our study suggests that beta cell
impairment represented by insulin treatment in GDM
pregnancy seemed to increase the CVMM risk, irrespective of subsequent diabetes prior to CVMM. However,
the relative influence of insulin treatment seemed to be of
smaller impact in women with subsequent diabetes. The
proportion of women with insulin treatment was lower
than anticipated based on experience from clinical practice. Most likely the number was underestimated; however, the expected consequence of this would be more
conservative risk estimates and thus the overall conclusions regarding the impact of insulin treatment during
GDM pregnancy were deemed valid and robust.
The associations between GDM and future diabetes
[4, 30] and between diabetes and future CVD [5, 6] are
well described. According to the systematic review and
meta-analysis by Kramer et al., some studies have found
conflicting results as to whether the observed association
between GDM and CVD was due to subsequent diabetes
[8]. Similar to other studies [21, 23, 24, 26, 29], our study
found a significant association, regardless of subsequent
diabetes. When restricting to women without subsequent
diabetes prior to CVMM, previous GDM was associated
with nearly 1.7-fold increased risk of any CVMM and an
almost 1.5-fold increased risk of major CVD.
Thus, our study showed that the two proxies of beta cell
impairment influenced the association between GDM
and CVMM by exacerbating risk. Moreover, we found
that in women with incident diabetes, previous GDM
seemed to be an additional risk factor per se for development of CVMM.
Severity of cardiovascular and metabolic morbidity

To our knowledge, the severity of morbidity in women
with incident CVMM according to previous GDM had
not been investigated previously. Women with preceding
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GDM exhibited significantly worse cardiovascular and
metabolic health within 3 years after initial hospital contact/redemption. Within 1 year, this was only evident
concerning medication and within 3 months, no differences were found. This finding indicated that the worse
risk profile was not of an immediate matter upon recognition of CVMM but rather had a trajectory that was
characterized by a slower, yet still significant progression.
In Denmark, women with GDM are recommended a
follow-up on glycemic status every 1–3 years [19]. This
potential surveillance bias may lead to a potential overestimation of risk in women with previous GDM, as
compared to risk in women without GDM. However, as
adherence to the recommendation is poor [31], the effect
of this bias may be limited. Women with previous GDM
were, on the other hand, possibly more likely to be diagnosed at an earlier point in their disease trajectory due
to the recommended follow-ups, leading to timely initiation of management and treatment. This could theoretically explain that despite worse health, no difference in
all-cause mortality was found between women with and
without previous GDM. In women with incident CVMM,
we found statistically significant differences in age at
index pregnancy and at first CVMM according to history
of GDM; however in clinical practice these differences
seem negligible.
Strengths and limitations

Our study had several strengths. This very large study
was based on the complete cohort of delivering women in
Denmark and had a follow-up period of up to 21.9 years.
Data were derived from registers containing information
on all residents in Denmark. Thus, due to the nature of
the study, selection and information bias were minimized. Additionally, the registers are considered valid
and of high quality for research, hence providing opportunity for reliable results [11, 14, 15]. Likewise, the validity of the GDM diagnosis code in the Danish registers is
reassuringly high [32]. We could account for each woman’s complete history on GDM during the study period,
thus reducing exposure misclassification risk. Regarding
outcomes, the validity of CVMM diagnosis code is generally high [33]. Furthermore, the combined use of diagnosis codes and redemptions of prescriptions as outcomes
improved the study’s clinical relevance. For insulin treatment during GDM pregnancy, data on diagnosis code for
insulin-treated GDM and redemption of prescribed insulin during GDM pregnancy were combined to increase
depiction of this variable. We addressed important
potential confounders and mediators and had an extensive analytical strategy with several sensitivity analyses;
thus, our results seem valid and robust.
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The study had some limitations. In general, registerbased studies hold the limitation that the original data
were neither collected for research purposes nor collected by the researcher. Regarding exclusion criteria,
it would have been optimal to exclude women with any
history of preexisting diabetes and/or CVD and not
only within the past 2 years prior to index date. Albeit,
in general the Danish population of fertile women is
relatively young and healthy so only very limited potential impact of this is expected. Regarding outcomes, several other cardiovascular and metabolic disorders could
have been relevant to investigate, however the message
of an increased cardiovascular and metabolic risk after
GDM is supported well by the selected outcomes. The
long study period implies potential changes in screening procedures, diagnostic criteria, and management.
The Danish GDM guidelines were revised in 2003 based
on a Danish study [34, 35]. However, the diagnostic criteria only changed marginally and the variations may
not affect our conclusions significantly. GDM misclassification risk was another limitation. Due to selective
GDM screening in Denmark, GDM exposure was likely
underestimated. Additionally, some women may be misclassified as non-GDM but potentially develop GDM
in future pregnancies. However, these misclassifications were only expected to produce more conservative
results. The number of women treated with insulin during GDM was likely underestimated. This was partly due
to the diagnosis code registration practice but also that
some women requiring insulin might be supplied with
the first insulin pens without prescription from the hospital, and thus would not be identified by redemptions.
This underestimation may potentially attenuate CVMM
risk related to insulin treatment, and thus underestimate
the true risk difference associated with insulin treatment
of GDM as it is expected to give rise to more conservative results. Despite sound confounder control, we expect
some residual confounding. Additionally, some eligible
confounders, including smoking, were self-reported, and
thus potentially underreported. Another limitation was
due to our use of data on confounders and intermediate covariates from the index pregnancy. Whereas few
covariates, including ethnicity, were static, most of these,
including smoking, BMI and occupation, were dynamic,
and may not be representative later in life. Furthermore,
subsequent diabetes was not differentiated into subtypes,
and finally the pragmatic choice of number of hospital
contacts and redemptions of prescribed medication as
proxy for morbidity severity might not capture severity
sufficiently.
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Conclusion
In conclusion, significant associations existed between
GDM and incidence of cardiovascular and metabolic
outcomes. The associations were exacerbated by insulin
treatment during GDM pregnancy in women with and
without subsequent diabetes mellitus. Additionally, previous GDM was associated with worse cardiovascular
and metabolic health in women with incident CVMM.
Thus, our study strengthens the perception of GDM per
se as risk factor for future cardiovascular and metabolic
health. Of particular clinical importance is our novel
finding of a remarkably increased risk for incident dyslipidemia after GDM, which contains additional perspectives for future management, preventive strategies, and
actions after pregnancy.
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