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Abstract

Aim: To investigate the association of gestational diabetes mellitus (GDM) with pre-

mature mortality and cardiovascular (CVD) outcomes and risk factors.

Materials and Methods: Parous women recruited to the UK Biobank cohort during

2006-2010 were followed up from their first delivery until 31 October 2021. The

data were linked to Hospital Episode Statistics and mortality registries. Multivariate

Cox proportional hazard models investigated associations of GDM with all-cause

mortality, CVD, diabetes, hypertension and dyslipidaemia.

Results: The maximum total analysis time at risk and under observation was

9 694 090 person-years. Among 220 726 women, 1225 self-reported or had a

recorded diagnosis of GDM. After adjusting for confounders and behavioural

factors, GDM was associated with increased risk for premature mortality [hazard

ratio (HR): 1.44, 95% confidence interval (CI): 1.12-1.86], particularly CVD-related

death (HR: 2.38, 95% CI: 1.63-3.48), as well as incident total CVD (HR: 1.50,

95% CI: 1.30-1.74), non-fatal CVD (HR: 1.41, 95% CI: 1.20-1.65), diabetes (HR:

14.37, 95% CI: 13.51-15.27), hypertension (HR: 1.49, 95% CI: 1.38-1.60), and dys-

lipidaemia (HR: 1.30, 95% CI: 1.22-1.39). The total CVD risk was greater in

women with GDM who did not later develop diabetes than in those with GDM

and diabetes.

Conclusions: Women with GDM are at increased risk of premature death and have

increased CV risk, emphasizing the importance of interventions to prevent GDM.

If GDM develops, the diagnosis represents an opportunity for future surveillance

and intervention to reduce CVD risk factors, prevent CVD and improve long-term

health.
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1 | INTRODUCTION

The incidence of gestational diabetes mellitus (GDM), a form of diabe-

tes that develops or is first recognized during pregnancy, is increasing

globally, with >17 million live births in women of reproductive age

being affected annually.1 Although GDM usually resolves after giving

birth, it increases the lifetime risk for future type 2 diabetes in the

mother by up to 70%.2–5 In recent years, large population-based

cohort studies have also shown that GDM is a risk factor for overall

and type-specific cardiovascular disease (CVD),6,7 and there is limited

evidence of association with hypertension8 and dyslipidaemia.9 How-

ever, most observational studies on the relationship between GDM

and future maternal outcomes have been limited by relatively short

periods of follow-up (10-25 years postpartum) and by insufficient

adjustment of analyses for covariates.8–12 There is also limited evi-

dence regarding associations between GDM and long-term premature

mortality,13–15 with only a couple of studies focusing on death from

any cause.13,15 In this study, we aimed to use data from the UK Bio-

bank cohort, an older population with ongoing follow-up, to explore

the long-term health outcomes for women with a history of GDM by

investigating its association with premature all-cause mortality, CVD

outcomes and traditional CVD risk factors, including future diabetes,

hypertension and dyslipidaemia.

2 | MATERIALS AND METHODS

2.1 | Study design

The UK Biobank is a large-scale prospective cohort study that recruited

502 536 UK participants aged 40-69 years, between 2006 and 2010.

Participants self-reported most information about themselves through

self-completed touchscreen questionnaires and nurse-led verbal inter-

views, including information on sociodemographic factors, medical history

and health behaviours. Participants also had physical assessments where

blood pressure, height and weight were measured, and blood, saliva and

urine samples were collected for analysis. These assessments were

repeated after a year or two in a representative sample of individuals to

correct for random measurement error and for short-term variability in

risk factors. To account for the potential dilution effects of risk factors on

health outcomes over the course of decades and to allow for the effects

of longer-term within-person variability, the UK Biobank has been inviting

a sample of the cohort to repeat the assessments every 2-3 years. Partici-

pants' research data collected as part of the UK Biobank cohort are linked

to Hospital Episodic Statistics (HES)16 and death records from the Office

for National Statistics. Full details about the UK Biobank study and

protocols are openly available (http://www.ukbiobank.ac.uk/wpcontent/

uploads/2011/11/UK-Biobank-Protocol.pdf).

The UK Biobank study was conducted according to the

Declaration of Helsinki, and ethical approval was granted by the

Northwest Multi-centre Research Ethics Committee (reference

number 06/MRE08/65). At recruitment, all participants gave informed

consent to participate and be followed up through data linkage.

2.2 | Procedures

We obtained data for analysis from all self-reported and measured

data during the UK Biobank assessment centres, the linked HES (main

inpatient information, diagnoses, operations) and the Office for

National Statistics death records to maximize the information we

could analyse.

2.3 | Population

Eligible participants were women with at least one birth (live or not),

determined by a self-reported touchscreen questionnaire (live births

only) or the presence of at least one delivery episode recorded in the

linked HES data (both live and non-live births). From these women,

we excluded those with pre-pregnancy diabetes, determined from

self-reported and/or HES data. We determined the entry point for all

women (i.e. time point of becoming ‘at risk’), regardless of whether

and when they had GDM, as the age when they had their first deliv-

ery, using the youngest age available from self-reports in the touchsc-

reen questionnaire and HES data. All eligible women were followed

up until the earliest occurrence of an outcome of interest, death from

any cause, or the latest collection of data. For analysis of total and

non-fatal CVD, diabetes, hypertension and dyslipidaemia, we also

excluded participants for whom these occurred at an age younger or

equal to maternal age at first delivery to ensure that the remaining

were incident postpartum cases.

2.4 | Exposure

Women who had GDM in any pregnancy comprised the exposed

group. The occurrence of GDM was defined as any of the following:

• Reporting diabetes that occurred only during pregnancy in the UK

Biobank touchscreen questionnaire.

• Reporting GDM in the verbal interviews.

• Presence of ICD-10 (International Classification of Diseases, 10th

version) code O24.4 (diabetes mellitus arising in pregnancy) or

O24.9 (unspecified diabetes in pregnancy) in the linked HES.

2.4.1 | Comparator

Women who did not have a diagnosis of GDM as defined above com-

prised the comparator group.

2.4.2 | Outcomes

The primary outcome of interest was premature all-cause mortality.

Secondary outcomes were the incidence of total CVD, non-fatal CVD,

CVD death, diabetes, hypertension and dyslipidaemia. All outcomes
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were defined as primary or secondary events by combining data from

self-reports, HES and the death registry, where applicable, linked to

the UK Biobank (Appendix Table S1).

2.4.3 | Covariates

We created directed acyclic graphs for the associations between

GDM and each outcome to determine which covariates to include in

the analysis. Covariates were selected from ethnicity (White, Black,

Asian and all others), Townsend index of deprivation (a composite

measure of deprivation based on unemployment, non-car ownership,

non-home ownership and household overcrowding, categorized in

quintiles 1-5, with higher scores indicating more deprivation),17 edu-

cation group (higher degree, any school degree or vocational qualifica-

tion, unknown), family history of CVD, diabetes, hypertension (yes, no

and unknown), body mass index (BMI) group (<18.5, 18.5-24.9,

25-29.9, 30-34.9 and ≥35 kg/m2), health behaviours including smok-

ing status (never, current, previous and unknown), physical activity

[meeting recommendations (≥150 min of moderate-intensity

activity and/or ≥75 min of vigorous activity per week), not meeting

recommendations and unknown], fruit and vegetable consumption

(meeting five portions a day, not meeting five portions a day, and

unknown), saturated fat intake (none, low, moderate, high and

unknown) and alcohol consumption (none, occasional, moderate,

heavy and unknown), and pregnancy-related factors including gesta-

tional hypertension/pre-eclampsia (yes, no), menopause (yes, no and

unknown) and self-reported number of live births as a proxy for parity

(touchscreen questionnaire only, because HES data were very limited).

Although enrolment into the UK Biobank happened several years

after the date of entry into the analysis (first delivery), covariates col-

lected or referring to a time point after enrolment, such as BMI or

behavioural factors, were included in the analysis because there is evi-

dence that they may influence the outcomes of interest and may

explain some of the residual confounding.18–22 Details on the

identification and derivation of covariates are in Appendix Table S2.

Pharmacotherapy, including blood glucose-, blood pressure-, and

cholesterol-lowering medication, could also affect the outcomes of

all-cause mortality and CVD. However, medication use was recorded

at the time of enrolment to the UK Biobank for all participants, and

only for a subsample in the years after enrolment. As medications

could have changed throughout the years, we did not include medica-

tion use in the main analysis of these two outcomes, but we con-

ducted sensitivity analyses taking into account reported medication

use from all time points combined (see Section 2.5.2).

2.5 | Statistical analysis

2.5.1 | Participant characteristics

Participant characteristics were analysed using descriptive statistics.

We report the mean and SD for normally distributed continuous

variables, and for non-normally distributed variables, we also provide

the median and interquartile range. We used proportions to report

categorical variables. As the collection of data for the UK Biobank

happened after enrolment in the study, typically several years after

most women had first given birth, most of these characteristics do not

correspond to the exposure time point (which we defined as the time

point of first delivery), but to the time at which they enrolled in the

UK Biobank (2006-2010). Missing data in categorical variables were

coded as ‘unknown’ and entered as a separate category, with the

exception for gestational hypertension/pre-eclampsia, where missing

data were assumed to mean no occurrence of the condition.

2.5.2 | Associations between gestational diabetes
mellitus and outcomes

Multivariate Cox proportional hazard models with age (years) as the

underlying time covariate were used to estimate hazard ratios (HR) for

having had a history of GDM compared with no history of GDM. We

created nested models by sequentially adjusting for sociodemo-

graphics, family history of CVD, diabetes, hypertension (each where

relevant), BMI, behavioural factors and pregnancy-related factors

(each where relevant). The proportional hazards assumption using

Schoenfeld residuals' plots for the exposure was not violated. Person-

time follow-up was calculated from the age at first delivery for all par-

ticipants (considered as the age of becoming ‘at risk’), until the age at

which the outcome occurred, or death from any cause for other than

mortality outcomes, whichever happened first (latest available data on

30 September 2021 for England and Wales, and 31 October 2021 for

Scotland), or the end of data collection (censoring) (30 September

2021 for England, 31 July 2021 for Scotland, and 28 February 2018

for Wales). For women who developed CVD, diabetes, hypertension

or dyslipidaemia, we used the age of interview or questionnaire com-

pletion as the age of occurrence, if there was no age specified at

which it occurred and no hospital record.

As data collection happened when participants were older, out-

comes may have occurred before enrolment in the study, and data on

covariates may refer to a time point after outcome occurrence, which

can bias the results. We therefore conducted sensitivity analyses,

excluding participants who developed CVD, diabetes, hypertension

and dyslipidaemia after pregnancy but before enrolment in the UK

Biobank, to explore whether it affected the effect estimates. We also

conducted sensitivity analyses for the outcomes of all-cause mortality

and CVD, where we added into the main model the use of either

blood glucose-, blood pressure-, or cholesterol-lowering medication,

as reported from all available time points combined.

We fitted multiplicative interaction terms in the fully adjusted

model to examine heterogeneity in the association of GDM with mor-

tality and total CVD by the development of incident CVD (relevant to

all-cause mortality outcome only), diabetes, hypertension, dyslipidae-

mia, and by age group, self-reported ethnicity and BMI group. We cal-

culated likelihood ratios to determine p values for heterogeneity

without correction for multiple testing.
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All analyses were conducted using Stata (version 16; StataCorp

LP). A two-sided p value of <.05 was defined as statistically

significant.

3 | RESULTS

3.1 | Participant characteristics

From the UK Biobank sample of 502 536 participants, 220 726

women comprised the eligible cohort (Figure 1). Women gave

their first birth on average in their mid-to-late twenties; the

majority were of White ethnic background (94.4%) and had a

median (interquartile range) BMI of 26.2 (6.2) kg/m2. A

greater proportion of women with GDM tended to be from areas

of greater socio-economic deprivation than women without

GDM. More women with GDM tended to report a family history of

diabetes than women without GDM, but a lower proportion

reported a family history of CVD. Women with GDM also had

greater prevalence rates of obesity and gestational hypertension/

pre-eclampsia, but fewer had reached menopause than women

without GDM. More women with GDM reported never having

smoked, but fewer of them reported meeting physical activity

recommendations than non-GDM women. Although heavy alcohol

intake was less common in women with GDM than women without

GDM, most women with GDM had not reported alcohol consump-

tion (Table 1).

3.1.1 | Follow-up time

The earliest entry time point of becoming ‘at risk’ (earliest pregnancy/
delivery) was 12 years of age, and the latest observed exit was

85 years of age. A total analysis time at risk and under observation of

9 694 090 person-years for the mortality outcome, 9 383 184

person-years for total CVD, 9 274 950 person-years for diabetes,

7 835 099 person-years for hypertension and 7 175 289 person-

years for dyslipidaemia. In total, 12 439 participants died during

follow-up. Of these, 3292 were deaths from CVD (Table 1). There

were more new cases of CVD, diabetes, hypertension and dyslipidae-

mia per 1000 person-years in women with GDM compared with those

without GDM (Table 1).

3.1.2 | Associations between gestational diabetes
mellitus and outcomes

GDM was associated with an increased risk for all-cause mortality

[HR: 1.44, 95% confidence interval (CI): 1.12-1.86] and more than

twice the risk of a CVD-related death (HR: 2.38, 95% CI: 1.63-3.48),

as well as increased risk for incident total CVD (HR: 1.50, 95% CI:

1.30-1.74) and non-fatal CVD (HR: 1.41, 95% CI: 1.20-1.65) in the

fully adjusted models (Figure 2). Stepwise models are presented in

Appendix Table S3. Sensitivity analysis excluding participants who

developed CVD after pregnancy but before recruitment in the UK

Biobank (n = 8895) did not change the effect of GDM on total CVD

F IGURE 1 Participant flowchart.
CVD, cardiovascular disease; GDM,
gestational diabetes.
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TABLE 1 Characteristics of participants with and without history of gestational diabetes in the UK Biobank.

Characteristics

Total

(N = 220 726)

GDM

(n = 1225)

No GDM

(n = 219 501)

GDM vs. no GDM

p-value

Demographics

Age at first birth, years

Mean ± SD 25.9 ± 5.2 27.7 ± 6.2 25.9 ± 5.1 <.001a

Median (IQR) 25.0 (7.0) 27.0 (9.0) 25.0 (7.0)

Ethnicity, % <.001b

White 94.4 82.1 94.5

Black 1.7 4.0 1.7

Asian 2.1 9.0 2.0

Other (mixed, other and unknown) 1.8 4.9 1.8

Socio-economic status

Townsend index (quintiles), % <.001b

Q1 19.9 17.7 20.0

Q3 20.0 18.3 20.0

Q5 20.0 28.3 19.9

Unknown 0.1 0.3 0.1

Education group, % .01b

Any school or vocational qualification (A level, AS

level, O level, GCSE, CSE, NVQ, HND and HNC)

36.0 35.8 35.9

Higher degree (college, university, or professional

degree/qualification)

44.0 47.3 44.0

Unknown 20.0 16.9 20.1

Family history, %

CVD 62.5 57.9 62.5 .003b

Diabetes 20.2 42.5 20.0 <.001b

Hypertension 41.4 40.3 41.4 .943b

Physical factors and medical conditions

BMI, kg/m2

Mean ± SD 27.1 ± 5.1 29.2 ± 6.0 27.1 ± 5.1 <.001a

Median (IQR) 26.2 (6.2) 28.1 (7.7) 26.2 (6.2)

BMI group, %

Underweight, <18.5 0.7 0.3 0.7

Healthy weight, 18.5 to <25 37.7 24.8 37.7

Overweight, 25 to <30 37.6 36.7 37.6 <.001b

Obese I, 30 to <35 15.9 21.7 16.0

Obese II and III, >35 7.7 15.8 7.7

Unknown 0.4 0.7 0.4

Gestational hypertension/pre-eclampsia, % 1.1 4.1 1.1 <.001b

Menopausal status, %

Yes 65.1 44.7 65.3 <.001b

Unknown 0.1 0.4 0.1

Live births <.001a

Mean ± SD 2 ± 1 3 ± 1 2 ± 1

Median (IQR) 2 (1) 2 (1) 2 (1)

Incident diabetes

% 13.9 90.8 13.5 <.001b

Mean (range) years after first birth 33 (1-64) 23 (1-57) 33 (1-64) <.001a

(Continues)
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TABLE 1 (Continued)

Characteristics

Total

(N = 220 726)

GDM

(n = 1225)

No GDM

(n = 219 501)

GDM vs. no GDM

p-value

Incidence rate per 1000 person-years 3.3 38.4 3.2 <.001

% Blood glucose medication 0.7 23.0 2.4 <.001b

Incident hypertension

% 52.4 55.4 52.4 .001b

Mean (range) years after first birth 32 (1-67) 26 (1-58) 33 (1-67) <.001a

Incidence rate per 1000 person-years 14.8 20.6 14.7 <.001

% Blood pressure medication 40.9 30.4 22.0 .001b

Incident dyslipidaemia

% 85.1 81.4 85.2 .001b

Mean (range) years after first birth 31 (1-67) 25 (1-59) 31 (1-67) <.001a

Incidence rate per 1000 person-years 26.2 31.1 26.2 <.001

% Cholesterol medication 14.4 29.8 14.8 .001b

Incident CVD

% Total CVD 12.2 14.8 12.2 .005b

Mean (range) years after first birth 39 (1-65) 33 (1-63) 39 (1-65) <.001a

Incidence rate per 1000 person-years 2.9 4.2 2.9 <.001

% Fatal CVD 1.5 2.2 1.5 .039b

Mean (range) years after first birth 48 (14-65) 47 (29-59) 48 (14-65) <.813a

Incidence rate per 1000 person-years 0.3 0.6 0.3 .007

% Blood glucose, blood pressure, or cholesterol

medication

55.9 73.1 55.8 .001b

All-cause mortality

% 5.6 5 5.6 .318b

Mean (range) years after first birth 46 (4-65) 44 (9-61) 46 (4-65) <.07a

Incidence rate per 1000 person-years 1.2 1.3 1.2 .734

Health behaviours

Smoking, % .006b

Never 59.2 63.7 59.2

Previous 31.9 27.4 32.0

Current 8.5 8.4 8.5

Unknown 0.4 0.5 0.4

Physical activity, % <.001b

Not meeting recommendations 48.2 54.6 48.1

Meeting recommendations 47.8 41.5 47.9

Unknown 4.0 3.9 4.0

Dietary intake, % .068b

Fruit and vegetables 64.7 65.9 64.7

Not meeting recommendations 35.1 33.8 35.2

Meeting recommendations unknown 0.1 0.3 0.1

Saturated fat intake group

None

Low, <1 day/week 0.2 0.1 0.2

Moderate, 1-4 days/week 47.2 48.5 47.2

High, ≥5 days/week 22.0 20.9 22.0 .336b

Unknown 30.6 30.4 30.6
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(HR: 1.50, 95% CI: 1.24-1.82). GDM was also associated with the

future development of diabetes (HR: 14.37, 95% CI: 13.51-15.27),

hypertension (HR: 1.49, 95% CI: 1.38-1.60) and dyslipidaemia (HR:

1.30, 95% CI: 1.22-1.39) (Figure 2). After excluding participants who

developed each of these risk factors after pregnancy but before enrol-

ment in the UK Biobank in the sensitivity analyses, the risk of devel-

oping diabetes increased (HR: 19.91, 95% CI: 18.52-21.40), and the

absolute risk decreased for hypertension and dyslipidaemia but

remained significant (HR: 1.39, 95% CI: 1.24-1.55; and HR: 1.20, 95%

CI: 1.1.2-1.29, respectively). After adding the use of either blood

glucose-, blood pressure-, or cholesterol-lowering medication to the

fully adjusted model for the outcomes of all-cause mortality and CVD,

effect estimates were attenuated but remained significant (Appendix

Table S4).

There were no significant interactions in the association of GDM

with all-cause mortality (Appendix Figure S1). A significantly higher

risk of total CVD was observed among women with GDM who did

not develop diabetes later in life (HR: 5.74, 95% CI: 4.39-7.50), com-

pared with women with GDM who also developed diabetes (HR: 1.41,

95% CI: 1.17-1.69) (p < .0001, Appendix Figure S2).

4 | DISCUSSION

Among parous women in the UK Biobank study, during a long-term

follow-up, those who developed GDM had a significantly greater risk

of premature all-cause mortality, including CVD-related death, com-

pared with their peers with no history of GDM. The risk of incident

TABLE 1 (Continued)

Characteristics

Total

(N = 220 726)

GDM

(n = 1225)

No GDM

(n = 219 501)

GDM vs. no GDM

p-value

Alcohol group 0.0 0.1 0.0

Occasional, <1 unit/week 7.0 10.8 7.0 <.001b

Moderate, 1-14 units/week 37.4 30.9 37.4

Heavy, >14 units/week 29.5 22.3 29.6

Unknown 26.1 36.0 26.0

Note: Time point at which each of these data refer to, are detailed in Appendix Table S1, because some data were collected only at enrolment, while other

data were collected with repeated assessments at different time points, which we combined (e.g. taking the average among time points of assessment), or

sometimes we needed to only use the data from the most recent assessment time point. The use of blood glucose, blood pressure and cholesterol-lowering

medication was considered present if reported in at least one time point.

Abbreviations: A level, advanced level; AS level, advanced subsidiary level; BMI, body mass index; CSE, certificate of secondary education; CVD,

cardiovascular disease; GCSE, general certificate of secondary education; GDM, gestational diabetes mellitus; HNC, higher national certificate; HND, higher

national diploma; IQR, interquartile range; NVQ, national vocational qualification; O level, ordinary level; Q1/Q2/Q3, quintiles; SD, standard deviation.
aTwo-sample t-test.
bPearson's chi-squared test.

F IGURE 2 HRs (95% CIs) for the associations between gestational diabetes and premature all-cause mortality, incident cardiovascular disease
(CVD), diabetes, hypertension and dyslipidaemia, in the fully adjusted models. n, number of participants with and without GDM. Model for all-
cause mortality and incident CVD, adjusted for age, sociodemographics, family history of CVD, diabetes and hypertension, body mass index (BMI),
health behaviours and all pregnancy-related factors. Model for incident diabetes, adjusted for age, sociodemographics, family history of diabetes,
BMI, health behaviours and number of live births. Model for incident hypertension, adjusted for age, sociodemographics, family history of
diabetes and hypertension, BMI, health behaviours and all-pregnancy-related factors. Model for incident dyslipidaemia, adjusted for age,
sociodemographics, family history of diabetes, BMI, health behaviours, number of live births and menopause. CI, confidence interval; HR, hazard
ratio.

MICHALOPOULOU ET AL. 2921

 14631326, 2024, 7, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.15612 by U

niversidad D
e G

ranada, W
iley O

nline L
ibrary on [21/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



total and non-fatal CVD and common CVD risk factors (diabetes,

hypertension and dyslipidaemia), was also significantly increased in

women with a history of GDM compared with those without GDM.

The strengths of this study include the long-term follow-up time,

which, apart from the risk of incident CVD, also quantified the less

well-documented risk of premature mortality following GDM. The UK

Biobank dataset also enabled us to adjust for a variety of demo-

graphic, socio-economic, anthropometric and behavioural factors, and

to ascertain outcomes from a variety of sources (both self-reported

and HES data). The study also has several limitations. First, the preva-

lence of GDM in this cohort was less than 1%, while the current

expected prevalence in the UK is about 16%.23 This is probably

because the majority of women in this cohort were pregnant before

the late 1990s, when women would be tested for GDM only if there

was clinical indication from their medical history and assessment, and

arbitrary diagnostic criteria were used by different clinics.24 This may

have resulted in exposure misclassification, underestimation of the

prevalence of GDM, and possibly underestimation of the impact of

GDM on outcomes. The results of interaction analyses should also be

interpreted with caution. The number of women with GDM analysed

in interaction analyses, and the number of cases in each condition,

age, or BMI category, was small, which led to lower statistical power

and may have compromised the accuracy of the HRs. Secondly, moni-

toring and pharmacotherapy for conditions such as diabetes, hyper-

tension, or dyslipidaemia, could affect the risk of CVD. However,

medication use for these conditions was collected mainly at enrolment

into the UK Biobank and only from a subsample of participants in the

years after enrolment. As such, it is probable that medication changed

throughout the decades, which meant that we could not adjust our

primary analyses for it. Sensitivity analyses for all-cause mortality and

CVD, where we adjusted for reported blood glucose-, blood pressure-

, or cholesterol-lowering medication use, combining information from

all time points available, led to attenuated effect estimates but

showed that GDM still significantly affected these outcomes. Thirdly,

not having licensed access to primary care records and our inability to

infer from the available data sources the pregnancies affected by

GDM may have biased the time to event analyses. Fourthly, we did

not have available data on pre-pregnancy BMI, which is a major con-

founder, and instead adjusted for BMI later in life. However, there is

evidence that a history of GDM might be a CVD risk marker indepen-

dent of pre-pregnancy obesity.25 Fifthly, we cannot exclude the possi-

bility of reverse causation affecting the results; however, the average

length of time between first delivery and each outcome was many

years, and we excluded cases with the outcome of interest happening

before the first birth. Finally, the results of this study may not be nec-

essarily generalizable because participants in the UK Biobank have

lower rates of obesity, would not probably smoke and drink alcohol,

and would not probably live in deprivation.26

To our knowledge, two other studies have investigated the longi-

tudinal association of GDM with premature all-cause mortality.13,15 In

a diverse prospective cohort of 48 197 participants from 12 US clini-

cal centres, GDM or impaired glucose tolerance during pregnancy,

was associated with a 14% greater risk of all-cause mortality.13 A

recent analysis of 91 426 women from the Nurses' Health Study

(NHS) II, with 2 609 753 person-years of follow-up (>30 years of

follow-up data), also showed that participants with a history of GDM

were at significantly higher risk of subsequent all-cause mortality (HR:

1.28, 95% CI: 1.13-1.44), compared with those who did not develop

GDM, even in the absence of developing type 2 diabetes postpartum.

Furthermore, the authors reported that the risk was higher in partici-

pants who had GDM in two or more pregnancies and in those who

reported concurrent chronic diseases and other adverse pregnancy or

birth outcomes.15 In the current cohort, we found that GDM was

associated with a 44% increased risk for premature mortality, after

adjustment for potential confounders and behavioural factors.

Likewise, a recent analysis of the UK Biobank study showed a

smaller increase in the risk of total CVD (HR: 1.36, 95% CI: 1.18-1.55),

partly mediated by the subsequent development of diabetes, hyper-

tension and dyslipidaemia.12 However, their analysis included women

who developed GDM before enrolment into the UK Biobank, while

we included women if they ever had GDM, thus also including women

who developed GDM at an older age after enrolment. In the main

analysis, they used as the index date the time point of enrolment,

whereas we went back in time when participants became at risk (first

pregnancy/delivery), which resulted in a longer follow-up period. Only

in a secondary analysis, the authors reported the longer-term risk for

CVD for a subsample of participants for whom age at pregnancy

affected by GDM for cases was known and reported a two-fold

increased risk of developing total CVD, but it is unclear how the age

of the GDM-affected pregnancy was determined, given the very lim-

ited information of this in the UK Biobank verbal interviews or HES.

Women who develop GDM would also probably display a cluster of

common CVD risk factors, although it remains unclear if these actually

develop postpartum or if they pre-exist and are opportunistically identi-

fied after GDM diagnosis.27,28 Our findings are consistent with previous

cohort studies showing an association between GDM and diabetes,

hypertension and dyslipidaemia postpartum.8,10,29 We found that the

impact of GDM on CVD risk was much higher in women with GDM

who did not later develop diabetes, compared with women with GDM

with a later diabetes diagnosis. It is plausible that the impact of GDM on

CVD risk is particularly increased in women with a more favourable met-

abolic phenotype,6,7 because once women have developed diabetes later

in life, the risk conferred by the diabetes may supersede that conferred

by GDM. Alternatively, the difference in CVD risk between women with

GDM who later developed diabetes and women with GDM who did not

progress to diabetes may be because the former may have had better

monitoring and may have used blood glucose-lowering medications,

which would partly lower their chances of developing CVD. The lack of

significance in other interactions may be explained by the small preva-

lence of GDM in this cohort, but in their totality, interaction analyses

suggested that all women with GDM are at increased risk for premature

death and CVD, regardless of whether or not they develop chronic dis-

eases postpartum and regardless of their demographics and BMI.

From the above, we gather that the considerable association of

GDM with mortality emphasizes the importance of interventions for

the primary prevention of GDM to improve women's long-term health
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outcomes. Such interventions would offer potential opportunities to

also help control risk factors for later CVD. In addition, once GDM has

developed, there is limited clinical recognition of it as a pre-CVD state.

Although current guidelines recommend postpartum screening for

type 2 diabetes,30–34 screening and monitoring for CVD are not part

of clinical guidelines for the postpartum management of women with

GDM.30–34 A diagnosis of GDM should be considered an opportunity

in routine care to inform women about their increased CVD risk, as

well as to offer monitoring and treatment of CVD risk factors at an

early point in women's lives, when risk modification may have more

chances of helping to prevent CVD and improve long-term outcomes.

There are some postpartum recommendations for offering advice on

weight, diet and exercise either to all women diagnosed with

GDM30,33 or only to those found to have hyperglycaemia during post-

partum screening,31 but recommendations for postpartum monitoring

and treatment of other established CVD risk factors such as hyperten-

sion and dyslipidaemia in these women should also be considered to

reduce the risk of future CVD.

In conclusion, in this UK cohort study, GDM was shown to be

associated with an increased risk of premature mortality, CVD, diabe-

tes, hypertension and dyslipidaemia, emphasizing the importance of

primary prevention of GDM to improve women's long-term health, as

well as offering risk factor monitoring and interventions after a preg-

nancy affected by GDM to help prevent CVD.
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