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Abstract

Background Despite many systematic reviews and meta-analyses examining the associations of pregnancy com-
plications with risk of type 2 diabetes mellitus (T2DM) and hypertension, previous umbrella reviews have only exam-
ined a single pregnancy complication. Here we have synthesised evidence from systematic reviews and meta-
analyses on the associations of a wide range of pregnancy-related complications with risk of developing T2DM

and hypertension.

Methods Medline, Embase and Cochrane Database of Systematic Reviews were searched from inception until 26
September 2022 for systematic reviews and meta-analysis examining the association between pregnancy complica-
tions and risk of T2DM and hypertension. Screening of articles, data extraction and quality appraisal (AMSTAR2) were
conducted independently by two reviewers using Covidence software. Data were extracted for studies that examined
the risk of T2DM and hypertension in pregnant women with the pregnancy complication compared to pregnant women
without the pregnancy complication. Summary estimates of each review were presented using tables, forest plots

and narrative synthesis and reported following Preferred Reporting Items for Overviews of Reviews (PRIOR) guidelines.

Results Ten systematic reviews were included. Two pregnancy complications were identified. Gestational diabetes
mellitus (GDM): One review showed GDM was associated with a 10-fold higher risk of T2DM at least 1 year after preg-
nancy (relative risk (RR) 9.51 (95% confidence interval (Cl) 7.14 to 12.67) and although the association differed by eth-
nicity (white: RR 16.28 (95% Cl 15.01 to 17.66), non-white: RR 10.38 (95% Cl 4.61 to 23.39), mixed: RR 8.31 (95% Cl 5.44

to 12.69)), the between subgroups difference were not statistically significant at 5% significance level. Another review
showed GDM was associated with higher mean blood pressure at least 3 months postpartum (mean difference in
systolic blood pressure: 2.57 (95% Cl 1.74 to 3.40) mmHg and mean difference in diastolic blood pressure: 1.89 (95% Cl 1.32
to 2.46) mmHQq). Hypertensive disorders of pregnancy (HDP): Three reviews showed women with a history of HDP were

3 to 6 times more likely to develop hypertension at least 6 weeks after pregnancy compared to women without HDP
(meta-analysis with largest number of studies: odds ratio (OR) 4.33 (3.51 to 5.33)) and one review reported a higher
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rate of T2DM after HDP (hazard ratio (HR) 2.24 (1.95 to 2.58)) at least a year after pregnancy. One of the three reviews
and five other reviews reported women with a history of preeclampsia were 3 to 7 times more likely to develop
hypertension at least 6 weeks postpartum (meta-analysis with the largest number of studies: OR 3.90 (3.16 to 4.82)
with one of these reviews reporting the association was greatest in women from Asia (Asia: OR 7.54 (95% Cl 2.49

t0 22.81), Europe: OR 2.19 (95% Cl 0.30 to 16.02), North and South America: OR 3.32 (95% Cl 1.26 to 8.74)).

Conclusions GDM and HDP are associated with a greater risk of developing T2DM and hypertension. Common con-

founders adjusted for across the included studies in the reviews were maternal age, body mass index (BMI), socioeco-
nomic status, smoking status, pre-pregnancy and current BMI, parity, family history of T2DM or cardiovascular disease,
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ethnicity, and time of delivery. Further research is needed to evaluate the value of embedding these pregnancy
complications as part of assessment for future risk of T2DM and chronic hypertension.

Keywords Pregnancy complications, Type 2 diabetes, Hypertension, Obstetrics and gynaecology, Umbrella review

Background
Pregnancy complications affect at least 30% of preg-
nancies and are among the leading causes of death in
pregnancy [1, 2]. Physiological changes in the mother’s
body during pregnancy that include increased cardiac
output, a greater inflammatory response and metabolic
abnormalities related to insulin resistance [3-6], can
lead to some of these complications such as hyperten-
sive disorders in pregnancy (HDP) and gestational dia-
betes mellitus (GDM). HDP affects between 3 and 10%
of pregnancies and is the third cause of maternal mor-
tality globally [1, 7, 8]. GDM affects around 7-10% of
pregnancies globally and can lead to a higher incidence
of still births and large for gestational-age babies [9].
Many of the pregnancy complications have an effect on
the mother’s health and wellbeing beyond pregnancy. In a
recent umbrella review, pregnancy-related complications
were related to health conditions such as cardiovascular
diseases [10], and results from systematic reviews have
shown HDP and GDM were associated with risk of both
T2DM and hypertension [11-17]. Although umbrella
reviews that have synthesised the risk of hypertension
and T2DM in women with a history of preeclampsia
and GDM have been published [18-20], synthesis of the
evidence for other pregnancy complications and a com-
prehensive review of the spectrum of HDP is lacking.
Furthermore, there are new systematic reviews since the
publication of these reviews and therefore these umbrella
reviews need updating. The synthesis of this informa-
tion would be beneficial to women, clinicians and other
healthcare stakeholders to develop strategies to reduce
the risk of future cardio-metabolic conditions in the post-
partum period, a period which has been identified as a
potential window of opportunity to prevent conditions
associated with a history of pregnancy complications
such as cardiovascular disease and diabetes [2, 21, 22].
This review aims to identify, appraise, synthesise,
and consolidate evidence from systematic reviews
and meta-analyses that have assessed the association

between pregnancy-related complications and risk of
post-partum hypertension and T2DM.

Methods

The umbrella review was reported following Pre-
ferred Reporting Items for Overviews of Reviews
(PRIOR) guidelines [23]. We also registered the proto-
col prior to the review in PROSPERO (registration No.
CRD42022323718) and the protocol has undergone peer
review [24].

Exposures, comparator, and outcomes

Table 1 shows the pregnancy complications (exposures)
we identified through discussion within the MuM-Pre-
DiCT consortium [25] experts.

The comparator group was women who did not have
the pregnancy complication of interest. The outcomes
were T2DM and hypertension, diagnosed any time after
pregnancy.

Inclusion criteria

We included systematic reviews with or without meta-
analysis investigating the association between any of the
exposures defined previously and any of the outcomes
defined previously in women with a history of pregnancy.
We excluded narrative reviews, literature reviews, com-
mentaries, conference abstracts, genetic studies and
reviews looking at association between the exposures and
T2DM and hypertension which were diagnosed during
pregnancy.

Search strategy
We searched Ovid Medline, Embase and Cochrane
Database of Systematic Reviews from inception until 26
September 2022. There was no language restriction. We
developed the search strategy around the key terms pre-
sented in Table 1.

We also limited the search to systematic reviews and
meta-analyses using appropriate search filters and terms
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[26]. In addition, we searched the references of identi-
fied systematic reviews for further studies. The detailed
search strategy for Ovid Medline database is provided
in Additional file 1: Table S1. The search strategy was
adapted for searches conducted in Embase and Cochrane
databases.

Study selection and data extraction
Two reviewers (SW and MS) independently reviewed all
titles and abstracts identified by the search using End-
note and Covidence. Articles were included for full-text
review if they met the inclusion criteria defined previ-
ously. In the case where there were any disagreements,
these were resolved through discussion and where nec-
essary with consultation with a third reviewer (FC). Data
was extracted by the two reviewers independently using a
data extraction form developed for this umbrella review.
Table 1 presents information extracted from systematic
reviews:

The form used for the data extraction was adapted from
the Joanna Briggs Institute and is provided in Additional
file 1: Table S2.

Quality assessment

Methodological quality was assessed independently by two
reviewers (SW and MS) using the AMSTAR 2 (A Measure-
ment Tool to Assess Systematic Reviews) checklist [27]. In
the case where there were any disagreements, these were
resolved through discussion and where necessary through
discussion with a third reviewer (FC). Seven of the sixteen
items in the checklist are considered critical in determin-
ing the validity of a review [3]. The seven critical items
are as follows: whether the review registered the protocol;
whether the literature search was comprehensive; reasons
for excluding individual studies were provided; risk of bias
for individual studies was assessed (using recommended
tools such as the Risk Of Bias In Non-randomized Studies
of Interventions I (ROBINS-I) tool [28], Quality In Prog-
nosis Studies (QUIPS) tool [29] or The Newcastle—Ottawa
Scale (NOS) [30]); appropriate meta-analytical methods
were used; whether the interpretation of results considered
risk of bias in individual studies; and whether publication
bias was assessed. We rated the reviews using gradings that
are recommended by the AMSTAR 2 checklist authors:
critically low, where more than one of the critical items was
not satisfied with or without non-critical items being satis-
fied; low, where one critical item was not satisfied with or
without non-critical items unsatisfied; moderate, where all
critical items were satisfied and more than one non-critical
items were not met; high, where all critical items were satis-
fied with no more than one non-critical item not met.
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Overlapping and outdated reviews

Two or more reviews that evaluated the same exposure(s)
and outcome(s) were considered to be potentially over-
lapping if they included the same sets of primary studies
[31, 32]. The degree of overlap was quantified by gen-
erating a citation matrix with systematic reviews as the
columns and primary studies as the rows for each expo-
sure-outcome combination of interest [32, 33]. A meas-
ure of overlap, the corrected covered area (CCA) was
then calculated using the formula below,

(N —r7)
(rc—vr)

CCA =

where N represents the number of publications included
in evidence synthesis, r is the number of rows, and c is
the number of columns. Overlap was considered very
high if CCA was greater than 15%, high if between 11
and 15%, moderate if between 6 and 10% and slight if
between 0 and 5% [32]. We used the following criteria to
manage overlap between reviews [34—36]: (1) where the
overlap occurred between Cochrane and non-Cochrane
reviews, the Cochrane review was selected as previous
studies have shown the evidence from Cochrane reviews
is of higher quality [35]; (2) where CCA was more than
11%, and neither of the reviews was a Cochrane review,
preference was given to the review that met the follow-
ing criteria: (i) had highest AMSTAR 2 rating and the
rating was moderate or higher; (ii) was most recent; had
conducted a meta-analysis or provided pooled summary
estimates; and (iii) had the greatest sample size (including
both the number of studies and participants); (3) where
CCA was less than 10%, all reviews were retained and the
findings compared.

Data synthesis

For associations that were reported in only one review,
we used the effect size reported in the original meta-
analysis (i.e. hazard ratio (HR), relative risk (RR), odds
ratio (OR), or mean difference (MD)). For associations
that were reported in more than one included review,
we estimated ORs for each review using the reported
data (i.e. number of controls, exposed and events in the
included studies) to enable comparison across reviews
[37]. Additionally, we performed a meta-analysis of pri-
mary studies included in the reviews after excluding
duplicate studies across the reviews to obtain a sum-
mary estimate. We extracted information on the variables
adjusted for in primary studies included in each system-
atic review. We extracted the definitions of exposures
and outcomes provided in the corresponding systematic
review or meta-analysis and reported them in a table. We
also extracted data on the follow-up time of assessment
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of outcomes reported in each review and the confound-
ers adjusted for in the primary studies included in each
systematic review.

For each meta-analysis of the primary studies, sum-
mary effect size estimate and 95% confidence intervals
(CI) were estimated using the inverse variance random-
effects model using the DerSimonian and Laird method
[38, 39]. Heterogeneity among included studies in each
meta-analysis was assessed using the Cochrane Q test
and reported using tau? and inconsistency in the esti-
mates was reported using 1> [40]. The 95% prediction
interval (95% PI) for each meta-analysis was also esti-
mated to evaluate the expected uncertainty in the effect
estimates for a study evaluating the same association [41,
42]. Egger’s test was used to quantify small-study effects
bias if more than 10 studies were included in the meta-
analysis [43]. For studies where there were no outcomes
in the exposed or control group, a continuity correction
using 0.5 was applied to avoid any division by zero [44].

All statistical analyses were conducted using R [45],
RStudio [46] and the meta package [47].

Deviations from protocol
There were no deviations from the protocol.

Patient and public involvement

Patients and the public involvement representatives
of the MuM-PreDiCT consortium [25] were involved
in selecting the pregnancy complications. We plan to
engage patient and public representatives, local policy
makers in public health, and local charities (e.g. Brit-
ish Heart Foundation) to disseminate the results of the
review in conferences and on social media.

Results

Literature search

The literature search yielded 6743 articles. After remov-
ing duplicates and screening titles and abstracts, 79 full-
text articles were selected for further review. Fifty-nine
articles were excluded after full-text screening, leaving 20
reviews included for evaluation. The list of excluded arti-
cles with reasons is provided in Additional file 1: Table S3
[13, 18-20, 48-110].

Methodological quality

Using the AMSTAR 2 rating criteria, 8 of the 20 reviews
were rated high quality [14, 15, 105, 111-115], 4 were
moderate quality [16, 17, 116, 117], 5 were rated low
quality [13, 102, 104, 106] and 3 were rated as critically
low quality [99, 108, 110]. Assessment of the quality of
the systematic reviews is presented in Additional file 1:
Table S4. The three reviews of critically low quality were
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excluded from further evaluation, resulting in 17 reviews
being taken forward for further evaluation.

Overlapping and non-overlapping reviews

Ten of the 17 remaining reviews included similar sets of
primary studies [13, 102, 104-107, 111]. These included
the associations of two pregnancy complications (GDM
and HDP) with risk of T2DM at any time after pregnancy.
Among the overlapping reviews, the review selected was
of moderate or high quality, was the latest and had the
highest number of included primary studies, as described
in the methods section.

Using the criteria for handling overlapping reviews,
two of the 10 reviews with overlapping sets of primary
studies were selected (one review for the association
between GDM and T2DM and the second for the associ-
ation between HDP and T2DM) [114, 115] and the other
eight were considered for exclusion. The review selected
for the association between GDM, and T2DM had the
most primary studies among the overlapping reviews
with at least moderate quality [114]. The second review
for the association between HDP and T2DM was the
latest, of high quality and had the most primary studies
[115]. Additional file 1: Tables S5a to S5g show the cita-
tion matrices with the degree of overlap between reviews
for the association between the two pregnancy compli-
cations and T2DM. Further, Additional file 1: Table S6
shows the general characteristics of reviews with over-
lapping primary studies and the calculated CCA with
accompanying reasons for including or excluding them.
Out of the eight reviews considered for exclusion, one
review evaluated both T2DM and hypertension and was
eligible for inclusion for the association between preec-
lampsia and hypertension and was therefore retained
[117]. Therefore, in total seven reviews were excluded
resulting in ten reviews remaining for further analysis.
The list of the excluded reviews due to the overlap is pro-
vided in Additional file 1: Table S7 [102-107, 111].

Study characteristics of reviews with non-overlapping
studies

In total, there were 10 systematic reviews included in
this umbrella review. The flow diagram of these studies
is shown in Fig. 1 below, and the general characteristics
of the included reviews are provided in Table 2 below.
The systematic reviews assessed two pregnancy compli-
cations. These were GDM and hypertensive disorders of
pregnancy (including chronic hypertension, gestational
hypertension, preeclampsia, eclampsia and HELLP syn-
drome). Additional file 1: Table S8 [14-17, 112-117]
includes the definitions of the exposures and the extent of
other confounders adjusted for in the reviews included.
The number of women included in the systematic reviews
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Records identified through database searching: 8,339
Medline: 1693 Embase: 3805 Cochrane: 2841

(

|

Records screened after duplicates removed: 6808

Records excluded: 6729

A 4

Y

Full text articles to be assessed for eligibility: 79
Type 2 diabetes: 46 Hypertension: 29 Both: 4

J|  Full text articles excluded: 59

A 4

Total studies that met inclusion criteria: 20
Type 2 diabetes: 10 Hypertension: 9 Both: 1

Critically low quality: 3
Reviews with overlapping

A 4

associations excluded: 7

Reviews with non-overlapping associations: 10
Type 2 diabetes: 2 Hypertension: 8

Fig. 1 Flow diagram

ranged between 1,332,373 and 3,095,457 for studies relat-
ing to postpartum T2DM while for hypertension it was
between 8041 and 2,711,443 (Table 2).

Summary findings

Overall and subgroup estimates alongside 95% CI for the
associations of each pregnancy complication with T2DM
and hypertension from the meta-analyses are shown in
Table 3 below and the findings from narrative synthesis
are shown in Additional file 1: Table S9 [15, 115]. A for-
est plot of the overall estimates is also provided in Fig. 2.
Further estimates from subgroup analysis and publica-
tion bias measures are presented in Additional file 1:
Table S10 [14-17, 112-117].

Pregnancy complications associated with T2DM

GDM

In a review of 20 primary studies including 1,332,373
women, the risk of T2DM at least 12 months after deliv-
ery was almost 10-fold greater in women with a history
of GDM compared to healthy controls (RR 9.51, 95% CI

7.14 to 12.67, tau>=0.23) [114]. The summary estimate
is based on unadjusted estimates (Table 3 and Fig. 2).
Common confounders adjusted for by primary stud-
ies included in the review were maternal age, body mass
index (BMI), family history of T2DM, parity, ethnicity,
and socioeconomic status. All confounders adjusted for
are presented in Additional file 1: Table S8, Tables S8a-
S8f and Fig.S1.

Subgroup and sensitivity analysis

Analyses showed the association of GDM with risk of
T2DM compared to those without GDM for women in
subgroups defined by ethnicity remained elevated with
the highest relative risk in women of white ethnicity and
lowest in women of mixed ethnicity (white: RR 16.28,
95% CI 15.01 to 17.66, studies=6, tau’>=0); non-white:
RR 10.38, 95% CI 4.61 to 23.39, studies=4, tau®=0.46;
mixed populations: RR 8.31, 95% CI 5.44 to 12.69, stud-
ies=10, tau’=0.34). There were no statistically signifi-
cant differences between the subgroups (white ethnicity
vs mixed ethnicity, p-value=0.26 and white ethnicity vs
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Time postpartum

Studies Cases/Controls

Estimate (95% Cl)
Odds Ratio

95% PI
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taur2 Egger's p

HDPAb (Xu 2022) >= 12 months 11 4703/223614 e 361(2.18106.00) [0.62t020.98] 054 0.333
HDP*b (Xu 2022) § >= 12 months 5 1477/5659 i 3 == 2.47 (1.67 t0 3.64) [0.71to 8.63] 0.12 NA
HDPa (Giorgione 2021) >=6 weeks to 2 years 14 1257/6323 3 3 —— 5.75(3.92t0 8.44) [2.08t015.87] 0.18 0.008
HDP”b (Sukmanee 2022) >= 6 weeks 37 109989/1407594 || —=— 4.33(3.51t05.33) [1.47t012.74] 027 0.937
Pre-eclampsia (Bellamy 2007) >= 3 months 13 3672/16086 i e 6.20 (3.74t010.28) [1.19t032.35] 0.50 0.04
Pre-eclampsia (Brown 2013) >= 6 weeks 30 40544/782011 3 3 =0= 3.90 (3.16t0 4.82) [1.80t0 8.43] 0.13  0.599
Pre-eclampsia (Alonso-Ventura 2020)  >= 3 months 12 1024/1237 i i —— 3.76 (2.87t04.94) [2.34t06.05] 0.03 0.093
Pre-eclampsia (Xu 2022) >= 12 months 13 8926/332134 P—— 3.19 (1.52t06.70) [0.22t046.88] 1.35 0.335
Pre-eclampsia (Xu 2022) § >= 12 months 4 1218/1331 i i — 3.78 (2.05t06.98) [0.23t062.05] 0.33 NA
Pre-eclampsia (Dall'Asta 2021) no restriction 21 78982/2571050 3 3 —-— 3.93 (3.08t05.02) [1.40t011.05] 0.23 0.983
Pre-eclampsia (Dall'Asta 2021) § no restriction 15 77787/2563530 i i —-— 3.74 (28710 4.87) [1.28t010.95] 0.23 0.937
Pre-eclampsia (Giorgione 2021) >= 6 weeks to 2 years 12 972/6266 i e — 6.83 (4.25t0 10.96) [1.96t023.79] 0.26  0.009
Gestational hypertension (Xu 2022) >= 12 months 3 499/434 i i ——> 6.24 (1.73t0 22.55) [0 to 14307087] 0.90 NA
Systollic Blood Pressure 3 3 Mean Difference
Pre-eclampsia (Alonso-Ventura 2020)  >= 3 months 38 3300/13967 i i — 8.28 (6.85t09.71) [1.00t0 15.56] 124  0.555
GDM (Pathirana 2021) no restriction 48 7332/42786 - 257 (1.74t03.40) [-222t07.36] 556  0.399
Diastolic Blood Pressure o
Pre-eclampsia (Alonso-Ventura 2020)  >= 3 months 38 3282/13950 —— 6.79 (5.62t07.96) [0.55t0 13.03] 9.10  0.231
GDM (Pathirana 2021) no restriction 48 7025/42470 - 1.89(1.32t02.46) [-1.12t0490] 2.18 0.009
Type 2 diabetes i i Relative Risk
GDM (Vounzoulaki 2020) >= 12 months 20 67956/1264417 i i —=—— 9.51(7.141012.67) [3.31t027.30] 0.23 0.899
i i Hazard Ratio
HDPAa (Zhao 2021) § >= 12 months 15 not provided P 224(195t0258) [1.14t04.40] 010 0.812
Gestational hypertension (Zhao 2021) § >= 12 months 7 not provided i 3 - 219 (1.69t02.84) [1.02t04.37] 0.07 NA
Pre-eclampsia (Zhao 2021) § >= 12 months 11 not provided - 2.56 (2.02t0 3.24) [1.07t05.67] 0.12 0.881

T 1 1
-2 01 5 10

Risk greater in controls Risk greater with pregnancy complication

Fig. 2 Forest plot of overall adjusted and unadjusted estimates of meta-analyses from systematic reviews that investigated the association
between pregnancy complications and risk of future T2DM and hypertension. § Estimate from studies that adjusted for potential confounders.
First vertical line is the reference point (zero) for the mean difference estimates. The second vertical line is the reference line (one) for the relative
risk, odds ratio and hazard ratio estimates. Hazard ratios should be interpreted as an increase in the rate of the outcome while odds ratios should
be interpreted as increase in the odds of the outcome and relative risk as an increase in the risk of the outcome in exposed compared to controls.
For the association between hypertensive disorders of pregnancy (HDP) and hypertension, there were three reviews with non-overlapping
associations and the estimates for each review are presented [14, 112, 113]. Similarly, five estimates from five reviews with non-overlapping
associations between preeclampsia and hypertension are provided [16, 17, 112, 116, 117]. °HDP included gestational hypertension

and preeclampsia, including HELLP (haemolysis, elevated liver enzymes, lowered platelets) syndrome and eclampsia, and excluded pre-existing
chronic hypertension. °PHDP included gestational hypertension and preeclampsia and excluded pre-existing chronic hypertension. Common
adjustment factors across the studies were maternal age, body mass index, socioeconomic status, smoking status, pre-pregnancy and current BM,
parity, ethnicity and time of delivery Abbreviations: GDM gestational diabetes mellitus, NA not applicable, 95% Pl 95% prediction interval, Egger’s p

Egger test p value

non-white ethnicity, p-value=0.54). The association
between GDM with risk of T2DM was attenuated over a
longer period of follow-up (1 to 5 years: RR 17.06, 95%
CI 8.95 to 32.55, studies =6, tau®=0; more than 5 years
and up to 10 years: RR 10.42, 95% CI 5.68 to 19.11, stud-
ies=7, tau’=0.52; more than 10 years: RR 8.09, 95% CI
4.34 to 15.08, studies =7, tau>=0.52). There were no sta-
tistically significant differences between the subgroups
(1-5 years vs>5-10 years, p-value=0.63; 1-5 years
vs > 10 years, p-value =0.38). Subgroup estimates are pro-
vided in Table 3.

HDP

In the selected review, prior HDP (defined as gestational
hypertension and preeclampsia, including HELLP (hae-
molysis, elevated liver enzymes, lowered platelets) syn-
drome and eclampsia) was associated with a higher rate
of developing T2DM at least 1 year after delivery com-
pared to those without those conditions (HR 2.24, 95% CI
1.95 to 2.58, studies =15, tau?=0.10) (Table 3 and Fig. 2)

[115]. The summary estimate is based on adjusted esti-
mates” The meta-analysis included a total of 3,095,457
women. Common factors adjusted for in the included
primary studies include maternal age, BMI, socioeco-
nomic status, smoking status, parity, ethnicity and time
of delivery. All confounders adjusted for are presented
in Additional file 1: Table S8, Table S8a-S8f and Fig.S1.
A narrative review also reported that women with prior
HDP developed T2DM at earlier ages than women with-
out the pregnancy complication [115, 118] (Additional
file 1: Table S9 [115]).

Subgroup and sensitivity analysis
Studies with shorter follow-up duration showed a higher
rate of T2DM (less than 20 years of follow-up: HR
2.64, 95% CI 2.23 to 3.12, studies="7; greater or equal
to 20 years of follow-up: HR 1.34, 95% CI 1.20 to 1.50,
studies=2).

There was a dose-response relationship between
HDP severity and future risk of T2DM (gestational
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hypertension: HR 2.19, 95% CI 1.69 to 2.84, studies=7,
tau?=0.07; preeclampsia: HR 2.56, 95% CI 2.02 to 3.24,
studies=11, tau?=0.23; preterm preeclampsia (preec-
lampsia that resulted in preterm birth<37 weeks): HR
3.05, 95% CI 2.05 to 4.56, studies=3, tau>=0.09). Sub-
group estimates are provided in Table 3.

Pregnancy complications associated with hypertension
GDM

The included review showed that women with previous
GDM have higher mean systolic blood pressure (SBP)
and diastolic blood pressure (DBP) any time after delivery
compared to women without previous GDM (SBP: mean
difference 2.47 mmHg, 95% CI 1.74 to 3.4, studies=48,
tau’=5.56); DBP: mean difference 1.89 mmHg, 95%
CI 1.32 to 2.46, studies =48, tau’=2.18). The summary
estimates are based on unadjusted estimates (Table 3
and Fig. 2) [15]. BMI, parity, age, history of diabetes and
other pregnancy complications were most adjusted for
in included primary studies in the review. In the narra-
tive synthesis of 12 primary studies, six reported higher
mean DBP in women with previous GDM compared to
the control group, with three studies showing statisti-
cal significance, and eight studies reported higher mean
SBP with five studies showing statistical significance [15]
Additional file 1: Table 9 [15].

Subgroup analysis

Further analysis by follow-up duration shows higher
mean blood pressure in women with a history of GDM
across different periods of follow-up, with the high-
est mean blood pressure observed for the period 5 to
10 years postpartum (DBP:<1 year mean difference
2.48 mmHg, 95% CI 0.58 to 4.37; 1-5 years mean differ-
ence 1.37 mmHg, 95% CI 0.20 to 2.54; 5-10 years mean
difference 7.17 mmHg, 95% CI 1.69 to 16.03;>10 years
mean difference 1.23 mmHg, 95% CI 1.03 to 1.96,
SBP: <1 year mean difference 3.47 mmHg, 95% CI 1.26 to
5.68; 1-5 years mean difference 2.26 mmHg, 95% CI 0.27
to 4.25; 5-10 years mean difference 3.96 mmHg, 95%
CI 2.36 to 5.56;>10 years mean difference 2.58 mmHg,
95% CI 1.05 to 4.11). Subgroup estimates are provided in
Table 3.

HDP

Three reviews reported higher odds (3- to 6-fold higher)
of hypertension in women with a history of HDP com-
pared to women without a history of HDP [14, 112, 113].
Two of the three reviews defined HDP to include gesta-
tional hypertension and preeclampsia, excluding chronic
hypertension [112, 113] while the third study defined
HDP to include gestational hypertension, preeclampsia,
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eclampsia and HELLP syndrome (providing estimates
with and without including chronic hypertension) [14].

In the two reviews, the odds of hypertension were sig-
nificantly higher in the HDP group (OR 3.61, 95% CI 2.18
to 6.00, studies=11, tau?=0.54, time=at least 1 year
postpartum) and (OR 4.33, 95% CI 3.51 to 5.33, stud-
ies=37, tau’=0.27, time=at least 6 weeks postpartum)
and in the third review the reported risk remained higher
between 6 weeks and 2 years postpartum both before
excluding pre-existing chronic hypertension in the analy-
sis (OR 6.28, 95% CI 4.18 to 9.43, studies =15, tau®>=0.24)
and after excluding pre-existing chronic hypertension
(OR 5.75, 95% CI 3.92 to 8.44, studies= 14, tau®>=0.18)
The summary estimate is based on unadjusted estimates
(Table 3 and Fig. 2) [14]. Common confounders adjusted
for in the primary studies included in the three reviews
included age, ethnicity, socioeconomic status, BMI, fam-
ily history of cardiovascular diseases, parity, history of
diabetes mellitus and smoking status. The odds remained
elevated after meta-analysing the primary studies that
excluded chronic hypertension from the three system-
atic reviews (OR 4.26, 95% CI 3.54 to 5.12, studies=53,
tau®=0.29) (Additional file 1: Fig.S2).

On the specific types of HDP, six reviews reported
between 3 and 10-fold higher in the odds of hypertension
in women with a history of preeclampsia (OR 6.20, 95%
CI 3.74 to 10.28, studies=13, tau’=0.50; OR 3.90, 95%
CI 3.16 to 4.82, studies=30, tau>’=0.13; OR 3.74, 95%
CI 2.87 to 4.94, studies=15, tau*=0.23; OR 3.19, 95%
CI 1.52 to 6.70, studies =13, tau’=1.35; OR 6.83, 95% CI
4.25 to 10.96, studies=12, tau*=0.26; OR 3.76, 95% CI
2.87 to 4.94, studies =12, tau?=0.03) (Table 3 and Fig. 2)
[14, 16, 17, 112, 116, 117]. Mean blood pressure was
higher in women with a history of preeclampsia com-
pared to women without a history of the pregnancy com-
plication (SBP: mean difference 8.28 mmHg, 95% CI 6.85
to 9.71, studies =38, tau®>=12.37; DBP: mean difference
6.79 mmHg, 95% CI 5.62 to 7.96, studies = 37, tau?=9.10)
(Table 3 and Fig. 2) [16].

Subgroup and sensitivity analysis

Two reviews showed the risk of hypertension after HDP
remained elevated but attenuated by follow-up; (first
6 months: OR 13.39, 95% CI 1.27 to 141.04, studies=3,
tau®=3.05; 6 to 12 months: OR 4.13, 95% CI 2.82 to 6.07,
studies =3, tau>=0.06; 1 to 2 years: OR 8.73, 95% CI 4.66
to 16.35, studies=8, tau>=0.18) [14], and (less or equal
to 5 years: OR 6.05, 95% CI 3.55 to 10.30, studies=7,
tau’=0.35; 6 to 10 years: OR 5.95, 95% CI 4.69 to 7.54,
studies=6, tau>=0.05; 11 to 15 years: OR 4.22, 95% CI
2.44 to 7.32, studies =7, tau?=0.41; greater than 15 years:
OR 244, 95% CI 1.93 to 3.08, studies=2, tau*=0.02;
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Duration unspecified: OR 3.74, 95% CI 2.50 to 5.58, stud-
ies=15, tau’=0.40) [113].

Further subgroup analysis in one of the reviews showed
the odds of post-partum hypertension in women with a
history of HDP compared to healthy controls differed in
different continents with the lowest odds in North and
South America (OR 2.11, 95% CI 1.42 to 3.14, studies=5,
tau?’=0.12), highest in Europe (OR 5.52, 95% CI 3.01 to
10.14, studies=3, tau’=0.17) and similar to the overall
estimate in Asia (OR 4.26, 95% CI 1.05 to 17.21, stud-
ies=3, tau’=1.30) [112]. The differences among the con-
tinents were statistically significant (p-value=0.03).

On the specific types of HDP, two reviews reported
differences in odds of postpartum hypertension after
preeclampsia by follow-up periods; first review: (first
6 months: OR 43.95, 95% CI 5.72 to 338.04, studies=2,
tau’=0; 6-12 months: OR 4.46, 95% CI 2.76 to 7.21,
studies =3, tau?=0.10; 1-2 years: OR 8.91, 95% CI 4.33 to
18.33, studies =7, tau?=0.28) [14], second review: (up to
60 months: OR 19.03, 95% CI 2.47 to 146.49, studies=2,
tau?=0; up to 60.1 to 180 months: OR 4.13, 95% CI 2.47
to 6.90, studies=6, tau>=0.09; above 180 months: OR
3.41, 95% CI 241 to 4.82, studies=4, tau’=0.01) [16].
The odds of postpartum hypertension after preeclampsia
was greater in women from Asia (OR 7.54, 95% CI 2.49
to 22.81, studies=3, tau?=0.45) compared to women in
North and South America (OR 3.32, 95% CI 1.26 to 8.74,
studies =6, tau?=1.07) and Europe (OR 2.19, 95% CI 0.30
to 16.02, studies=4, tau>=3.57). There is however a lot
of uncertainty in the estimates as the confidence intervals
were quite wide and comparisons were made across stud-
ies rather than within. The subgroup estimates are pro-
vided in Table 3.

Discussion
Findings
In summary, results from this umbrella review showed
the risk of T2DM at least 12 months after delivery was
nearly 10-fold greater in women with previous GDM
compared to women without GDM. Furthermore, mean
blood pressure was higher in women with a history of
GDM. HDP were associated with a higher rate of T2DM,
and the risk of developing hypertension was 3- to 4-fold
higher in women with a history of HDP or preeclampsia.
It is noteworthy that the risk of hypertension was greater
in women who had severe hypertensive disorders of
pregnancy (e.g. severe preeclampsia and a preterm birth).
Analysis by follow-up based on one systematic review
showed the risk of T2DM and hypertension after HDP
and GDM was greatest in studies with shorter follow-up
periods compared to those with longer periods of follow-
up. The risk of T2DM in women with a history of GDM
was highest in women of white ethnicity and lowest in
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women of mixed ethnicity, while the risk of hypertension
in women with a history of HDP was highest in Europe
and lowest in North and South America. However, for
preeclampsia the risk of hypertension was highest in
women from Asia compared to women in the Americas
and Europe.

Strengths and limitations

The umbrella review has the following strengths: regis-
tration of a protocol for the umbrella review prior to the
start of the umbrella review; a comprehensive search of
reviews in multiple databases; evaluation of the qual-
ity of the reviews using the recommended AMSTAR 2
checklist and including the quality of the reviews in the
decision to include or exclude reviews in the evidence
synthesis; assessment of overlap in reviews that included
the same primary studies and reporting of relevant sub-
group and sensitivity analyses.

The following limitations in the review could be con-
sidered in the interpretation of the results. Firstly, the
number of participants, measures of heterogeneity and
publication bias were not reported in some reviews. Sec-
ondly, some factors associated with the outcomes (e.g.
ethnicity, lifestyle (diet, physical activity, smoking), fam-
ily history of cardiovascular diseases etc.) were rarely
included in the adjusted analyses. Thirdly, the strong-
est association between HDP and risk of hypertension
was observed in the immediate post-partum period
(<6 months) in one systematic review. This may be an
overestimate of risk and should be interpreted with cau-
tion because HDP may take up to 12 months to resolve
[14, 119, 120]. Fourthly, although we obtained risk esti-
mates for certain intervals of time in the postpartum
period, it was difficult to obtain risk estimates at particu-
lar time points. Lastly, reviews on some pregnancy fac-
tors including miscarriage, pre-term birth and postnatal
depression were not identified in the literature and hence
not incorporated in this review.

Methodological issues

There is potential for significant heterogeneity attribut-
able to various study characteristics (e.g. study design
and quality) as well as residual confounding inherent in
observational studies. There is potential for recall bias
for some of the results where primary studies included
self-reported data and also misclassification of cases due
to differences in diagnostic criteria by included primary
studies, for instance, there is a possibility of misclassifi-
cation of hypertension as pre-eclampsia or gestational
hypertension, leading to overestimation of the effect
sizes. Estimates from subgroup analyses with fewer than
four studies should be interpreted with caution as the
precision of the estimates might be affected where the
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number of studies included in a meta-analysis is small
and heterogeneity is high [121, 122], and may be biased
by confounding from other study-level characteristics.
A more informative way to examine differences in sub-
groups is by conducting an individual participant meta-
analysis [123].

Comparison with other studies

Results from this review are consistent with previous
research and guidelines showing that both HDP and
GDM are associated with a higher risk of T2DM and
hypertension. In 2018, a multiple exposure umbrella
review for T2DM found one systematic review showing
GDM was associated with almost 8-fold risk of T2DM
[18], and in 2016, an umbrella review evaluating risk fac-
tors for vascular disease and mortality found two sys-
tematic reviews showing that both preeclampsia and
gestational hypertension were associated with an ele-
vated risk of hypertension [20]. A recent umbrella review
which evaluated the relationship between preeclampsia
and long-term maternal outcomes showed that preec-
lampsia was associated with a greater risk of developing
both hypertension and diabetes mellitus [19].

Potential mechanisms of association

Shared genetic factors between GDM and T2DM have
also been hypothesised to be the link between the two
conditions. Meta-analyses on the relationship between
common T2DM genetic variants and GDM found nine
variants shared between the two conditions on genes that
may be related to B-cell function, insulin resistance and
glycolysis [66, 124].

The mechanism through which HDP increases T2DM
and hypertension is not well understood [115, 116] but
may be mediated through insulin resistance [4, 125].
HDP may be an early manifestation of underlying insu-
lin resistance as a result of increased metabolic demands
during pregnancy, similar to GDM. Besides insulin
resistance, other shared risk factors of HDP with cardio-
vascular diseases such as obesity, hypertension, hyper-
lipidaemia, and renal dysfunction may explain the link
between HDP and T2DM [106, 126].

Implications for practice, public health and future research
The findings of this review might help to increase aware-
ness of the risk of these conditions to women and hence
enable attendance at regular screening for hypertension
and T2DM. Previous research has demonstrated risk fac-
tors for vascular conditions such as systolic blood pres-
sure and total cholesterol reduced significantly for those
who attended screening programmes for cardiovascular
diseases [127].
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Guidelines to prevent or mitigate the risk of future
vascular conditions such as T2DM and hypertension
recommend healthcare professionals to obtain detailed
pregnancy history in women with a history of pregnancy
complications to enable effective determination of the
risk of future health conditions. The National Institute
for Health and Care Excellence (NICE) guidelines rec-
ommend healthcare professionals to advise women with
a history of HDP about their greater risk of hyperten-
sion and cardiovascular disease and encourage them to
discuss with their GPs on ways to reduce the risk [128].
Avoiding smoking, maintaining a healthy lifestyle and
a healthy weight are recommended in the guideline as
potential interventions to reduce the risk of future hyper-
tension. NICE guidelines also recommend risk assess-
ment for T2DM in women with a history of GDM and no
specific guidelines on risk assessment for women with a
history of HDP [129].

Risk prediction models for diabetes (e.g. QDiabetes)
and hypertension (e.g. Framingham score) in the gen-
eral population have also been developed to calculate the
risk of developing these conditions. However, QDiabetes
does not include HDP and the Framingham score does
not include both HDP and GDM in the risk equations
[130, 131]. Further research is needed to quantify the
prognostic value of adding a history of these pregnancy
complications as predictors to these risk prediction mod-
els specifically in the postpartum period in the low-risk
population of women of reproductive age who have a his-
tory of pregnancy.

Conclusions

In summary, evidence from this umbrella review of sys-
tematic reviews showed strong and consistent evidence
that women with previous GDM have a much greater
risk of developing T2DM and higher blood pressure,
and women with HDP had a greater risk of developing
hypertension and T2DM. Further research is required to
explain the underlying mechanisms of these associations
and to evaluate whether adding these pregnancy compli-
cations to current risk prediction models improves the
prediction of T2DM and hypertension in women with a
history of pregnancy.
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