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ABSTRACT

Background: Women who are pregnant are at increased risk of venous thromboembolism (VTE), which persists for up to
3 months following childbirth. Diabetes is known to increase the risk of serious cardiovascular outcomes.

Objective: To comprehensively review literature on the extent to which pre-existing or gestational diabetes influences the risk
of VTE in both pregnancy and postpartum.

Search Strategy: We used Medline, Embase and Google Scholar to identify observational studies published up to 2 November
2023.

Selection Criteria: Studies which quantified the relationship between diabetes on antepartum and/or postpartum VTE, and
which provide separate data for pre-existing and gestational diabetes.

Data Collection and Analysis: Results were pooled, where appropriate, using random-effects meta-analysis.

Main Results: Twenty one studies from Europe, the United States and Asia were included. There was an increased risk of
antepartum VTE in women with gestational diabetes (RR=2.48, 95% CI 1.47 - 4.16, [*’=45%, 4 studies) but not pre-existing
diabetes (RR=1.71, 0.43 - 6.77, I>’=68%, 2 studies). For postpartum VTE, there was no clear association with either pre-existing
(RR=1.28, 0.73 - 2.24, I’="73%, 6 studies) or gestational (RR=1.39, 0.77 - 2.51, I>=70%, 10 studies) diabetes.

Conclusions: Our results will provide some reassurance for pregnant women with pre-existing or gestational diabetes, owing
to no clear evidence of an increased risk of maternal VTE. While some studies report a raised risk of VTE during antepartum
specifically, results must be interpreted in light of high levels of heterogeneity.

1 | Introduction medium-term anticoagulation. Overall, VTE affects around 1-2

in every 1000 pregnancies, and an increased risk of VTE is likely

Venous thromboembolism (VTE) remains the leading direct
cause of maternal mortality during or up to 6 weeks after the
end of pregnancy in the United Kingdom, accounting for over
10% of maternal deaths [1]. When nonfatal, complications from
VTE include severe postthrombotic syndrome in approximately
5%-10% of cases, [2] while in all cases there is the need for

to persist for up to 3 months following childbirth [3-5].

Current guidance from the UK Royal College of Obstetricians
and Gynaecologists (RCOG) includes an algorithm to identify
which women should receive thromboprophylaxis to prevent
VTE in and around pregnancy [6]. These state that all women
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admitted to hospital when pregnant should be considered
for thromboprophylaxis with low-molecular-weight heparin
(LMWH), while those women with two or more risk factors
at the time of delivery should be considered for LMWH for at
least 10days postpartum. A risk prediction model provided a
more refined estimate of which women were at highest risk of
developing postpartum VTE using UK healthcare data [7]. In
this model, medical comorbidities were grouped into a single en-
tity, thus failing to adequately consider prophylaxis strategies for
specific medical conditions.

Diabetes causes physiological changes such as altered concen-
trations of coagulatory proteins, elevated levels of triglycerides
and low levels of high-density lipoprotein. These physiological
changes can contribute to hypercoagulability and hence an in-
crease in the risk of cardiovascular diseases such as VTE [8]. In
the United States and Europe, it is estimated that around 10% of
pregnancies are affected by gestational diabetes [9, 10]. A recent
value of information study concluded that future research on
this topic should focus on randomised trials of prophylaxis effec-
tiveness in obese postpartum women with additional risk factors
[11]. Obesity is linked to diabetes and therefore a plausible reason
as to why obesity is a risk factor for maternal VTE. As such, the
presence of diabetes could be considered a separate criterion for
identifying women to participate in clinical trials. However, the
degree to which diabetes increases the risk of VTE or whether
any association is due to confounding by other variables which
directly influence maternal VTE is not fully understood.

In this systematic review, we synthesised population-based re-
search on the association between diabetes and maternal VTE,
primarily exploring whether there were differences between pre-
existing and gestational diabetes and whether the association
differed for VTE occurring during pregnancy or postpartum.

2 | Methods

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist for
systematic reviews [12]. The review protocol was registered with
PROSPERO (Protocol No. CRD42022352967).

2.1 | Inclusion Criteria
2.1.1 | Population

Studies assessing risk of VTE during pregnancy or following
childbirth. No restrictions were made according to age. Where
participants were from the same source as the population used
in an existing study, additional papers were also eligible for in-
clusion if they provided data for a separate meta-analysis.

2.1.2 | Exposure

Pre-existing and gestational diabetes. Studies were excluded if
these were combined into a single measure of ‘diabetes’ as not
being able to separate pre-existing from gestational diabetes
would limit the impact of results on clinical practice.

2.1.3 | Comparator

Women without pre-existing or gestational diabetes.

2.1.4 | Outcome

Symptomatic VTE, either deep vein thrombosis or pulmonary
embolism, during pregnancy or postpartum. We included stud-
ies which used electronic health data if medical codes used to
identify VTE events were provided.

2.1.5 | Study design and reporting

We included case—control, cross-sectional and cohort designs.
We excluded randomised trials, case reports, case series and re-
view articles, in addition to any studies published only as confer-
ence abstracts (no available full text). Only papers published in
English were considered, but no restriction was made according
to year of publication.

2.2 | Search Strategy

An updated literature search was run on 2 November 2023. This
was performed using two bibliographic databases MEDLINE
(OVID 1946 to present) and EMBASE (OVID 1974 to present).
We also used Google Scholar as part of the primary search,
including the first 300 results when the review question was
entered into the search bar, irrespective of relevance. The full
search strategy is provided in Appendix S1. The sensitivity of the
search was checked using an existing collection of nine articles
deemed relevant held by one of the authors (MJG). As all these
articles were picked up by the primary search, no modification
of the search strategy was needed.

2.3 | Study Selection

Records picked up by the search were imported into either
Rayyan (initial search) or Covidence (updated search). All titles
and abstracts were independently screened by two authors (ei-
ther MO/MJG or EB/MJG) with any conflicts resolved through
discussion. Full texts were reviewed for inclusion by the same
pairs of researchers.

2.4 | Data Extraction

Data extraction was carried out by a single author (MO) and
checked by a second (MJG). For each included paper, study
details (author(s) and publication year), study characteristics
(design and country), participant data (study size, age and post-
partum duration), exposure detail (pre-existing or gestational
diabetes), outcome detail (type of VTE and ascertainment of
VTE diagnosis) and which variables were adjusted for (con-
founders) were extracted using piloted data forms.

For each exposure/outcome association, we extracted the nat-
ural log of the risk estimate (hazard, risk or odds ratio) and its
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standard error. Where results were presented from multiple
models, the most fully adjusted result was extracted. If only
raw numbers presented in a 2x2 table were available, we used
standard formula to estimate the risk/odds ratio and standard
error [13]. Where possible, we extracted numerical data from the
entire cohort rather than subgroups of participants. However,
Tepper et al. [14] reported separate results for women with pri-
vate insurance and women with Medicaid (for both pre-existing
and gestational diabetes). These results were pooled using fixed
effects to provide a result for a single population for use in sub-
sequent meta-analyses.

2.5 | Risk of Bias (RoB) Assessment

Studies were assessed for RoB using the Newcastle-Ottawa scale
(NOS) [15]. This evaluates papers according to three criteria: se-
lection, comparability and either ascertainment of outcome (for
cohort and cross-sectional studies) or ascertainment of exposure
(for case—control studies). This resulted in a score between 0 and
9, where higher scores indicate higher quality (or lower RoB).
Further details of the tool for each study design are provided in
Appendix S2. For comparability, a total of 2 points were awarded.
One point was awarded when the study adjusted for maternal
age as age is frequently treated as a forced-in variable for epi-
demiological regression models owing to its role as a potential
confounder in most situations [16]. A second point was awarded
if they adjusted for any variable listed in algorithm used in the
RCOG guideline as identifying patients as intermediate risk for
antepartum or postpartum prophyalxis [6]. All RoB assessment
was carried out by two authors (MO and MJG) with any conflicts
resolved through discussion.

2.6 | Data Synthesis and Assessment
of Heterogeneity

Meta-analyses were performed separately for pre-existing and
gestational diabetes and for antepartum and postpartum peri-
ods, assuming separate data for these groups/time periods were
available. Where only data on VTE risk during antepartum and
postpartum combined (the entire maternity) were available,
these were included in a separate analysis. Results were pooled
using the generic inverse-variance method, assuming random
effects. The Hartung-Knapp-Sidik-Jonkman method was used
to estimate the between-study variance. This has been shown to
provide more reliable results for random-effects meta-analysis
than the DerSimonian and Laird approach when the number of
studies is small and there is moderate-to-substantial heteroge-
neity [17, 18].

Heterogeneity was quantified using the I? statistic, with values
> 70% representing considerable heterogeneity [19]. Studies
using different effect measures (e.g., odds and incident rate
ratios) were pooled in the same analysis but presented as sepa-
rate subgroups. No other subgroup or sensitivity analyses were
predefined in the study protocol but in a post hoc analysis, we
repeated all meta-analyses with only studies that adjusted for
obesity in recognition that this variable is likely to be strongly
related to diabetes and a recent health economic study which
concluded that targeting this group for future clinical trials is

most likely to be cost effective [11]. In an additional protocol de-
viation, we extended the postpartum duration from 6 weeks in
the published protocol to 6 months in acknowledgement that the
original interval was too restrictive and to rely instead on the
authors' definition of postpartum duration.

Funnel plots and tests for publication bias were not presented as
all meta-analyses contained 10 or fewer studies. All analysis was
carried out using the ‘meta’ package in R.

2.7 | Patient and Public Involvement

Patients and members of the public were not engaged in the de-
velopment of this study.

3 | Results
3.1 | Overview of Search Results

Our search yielded a total of 6680 papers after removal of du-
plicates, of which 75 were screened as full texts and 21 papers
were included in the review (Figure 1) [14, 20-39]. Main reasons
for exclusion at the full stage were due to the exposure vari-
able (n=24), including studies which only presented data for
pre-existing and gestational diabetes combined and due to the
outcome variable (n=13), including failure to provide data for
venous thrombotic events specifically. Two studies from Sultan
and colleagues [32, 34] used data from the CPRD but were in-
cluded as separate studies as they contributed data to different
meta-analyses. Similarly, registry data from Norway [25, 26]
and Denmark [27, 35] were included as separate studies for the
same reason. Papers by Krenitsky [28] and Wen [36] both used
data from the Nationwide Readmissions Database. These stud-
ies provided different ways of defining postpartum (Table S1).
Krenitsky was used in the primary analysis as this study included
the greater number of study participants but in a sensitivity anal-
ysis for pre-existing diabetes during the postpartum, we explored
whether use of data from the Wen paper, altered findings. A third
paper from Bleau [20] using the same database was included
separately as this provided data on the combined antepartum
and postpartum period. All other included studies contributed
to at least one meta-analysis. Cohort and cross-sectional studies
provided data on a total of 93705220 participants (median per
study =572 591), while case-control studies provided data on a
total of 2021 VTE cases (median per study=244) and 627472
controls (median per study =999).

3.2 | Overview of Included Studies

Eight studies were conducted in Europe (three United Kingdom,
two Norway, two Denmark and one Finland), five in the United
States, seven in Asia (five China, one South Korea and one Israel)
and one in Australia (Table S1). Eight studies used a case-con-
trol design, eight were cohort studies and five cross-sectional.
Fifteen studies used administrative health datasets for their
analysis, while six were conducted in healthcare settings. Two
included data only on antepartum women, 10 provided data on
postpartum only, while 9 provided data on both antepartum and
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FIGURE1 |

postpartum VTE. Gestational diabetes alone was considered
as an exposure variable in 11 studies, 4 studies considered pre-
existing diabetes alone and 6 studies included both.

3.3 | Methodological Quality of Included Studies

Overall quality of the studies included in the review was high
with all studies comprising participants who were representa-
tive of all pregnant/postpartum women, and where data cap-
ture methods and follow-up duration allowed all VTE events
to be captured (Table S2). The main areas where studies were
rated less well included failure to exclude women with a pre-
vious VTE (11 of 21 studies did not report this exclusion) and
lack of further validation of VTE events (8 of 21 studies did not
provide further evidence of VTE). In terms of comparability,
12 studies adjusted for a measure of age which we considered
the most important confounder, while 11 adjusted for addi-
tional variables currently considered in the algorithm for pro-
phylaxis used by the RCOG (antenatal or postnatal). Table S3
provides a complete list of all variables adjusted for in the re-
sult we extracted from each study.

3.4 | Results: Antepartum VTE

Two studies using administrative healthcare data from the
United Kingdom and Denmark provided data for pre-existing

PRISMA flow diagram of included and excluded studies.

Papers excluded after screening
full paper with reasons (n= 54)

Incorrect exposure (n= 24)
Incorrect outcome (n= 13)
Incorrect study population
(n=6)

No original data (n=5)

Data from same population as
included study (n=3)
Postpartum period not defined
or extends beyond 6 months
(n=1)

Retracted paper (n=1)
Non-English language (n=1)

diabetes (Figure 2). There was considerable variation in results
(I?*=68%), with a pooled RR of 1.71 (95% CI, 0.43 - 6.77).

Four studies using administrative healthcare data from the
United Kingdom, Denmark and Norway provided data for gesta-
tional diabetes (Figure 2). When results were pooled, there was
a 2.5-fold increase in risk of antepartum VTE in women with
gestational diabetes with some between-study heterogeneity
(RR=2.48,95% CI 1.47 - 4.16, I>’=45%).

3.5 | Results: Postpartum VTE

Six studies provided data on pre-existing diabetes and the risk
of postpartum VTE (Figure 3). All were from cohort or cross-
sectional studies and used administrative databases. Overall,
no clear relationship was observed with considerable between-
study heterogeneity (RR=1.28, 95% CI 0.73 - 2.24, I*’=73%).
In a sensitivity analysis where the paper by Wen [36] instead
of Krenitsky [28] was used to represent data from the National
Readmissions database, the impact on the pooled estimate was
marginal (RR=1.21;95% CI 0.68 - 2.15, I*’=69%).

Ten studies provided data on gestational diabetes and the risk
of postpartum VTE. While some studies reported an increase in
risk in women with GD, the results were inconsistent with no
overall evidence for an association (RR=1.39, 95% CI 0.77 - 2.51,
P=70%).
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FIGURE2 | Diabetes and the risk of antepartum VTE. (a) Pre-existing diabetes and (b) gestational diabetes.

3.6 | Results: Antepartum and Postpartum
Combined

When the entire maternity was considered, three studies pro-
vided data on pre-existing diabetes which when pooled showed
a small increase in the risk of VTE with a consistent result be-
tween studies (RR=1.70, 95% CI 1.16 - 2.49, I’=0%) (Figure 4).
For gestational diabetes, four studies provided data, again
highlighting a small increase in risk when results were pooled
(RR=1.44,95% CI 1.04 - 2.01, I’=0%).

3.7 | Sensitivity Analysis: Adjustment for BMI
and Obesity in Analysis

Of the 21 studies included in one or more meta-analysis, only
six adjusted for a measure of BMI or obesity (Table S4). This
made it difficult to ascertain the impact on results on mak-
ing this restriction. One study adjusting for categorised BMI,

reported an increased risk of antepartum VTE in women with
pre-existing diabetes [33]. There remained no evidence of in-
creased risk associated with pre-existing or gestational diabe-
tes with postpartum VTE when restricted to studies adjusting
for BMI or obesity. None of the five studies which provided
data on VTE over the entire maternity were included in this
sensitivity analysis.

4 | Discussion
4.1 | Main Findings

In a comprehensive review of literature using observational
designs, we found no clear evidence of a link between diabetes
and risk of VTE either during pregnancy or following child-
birth. Individual studies reported higher risks of VTE during
pregnancy specifically for both pre-existing and gestational di-
abetes. However, heterogeneity between results was high. This
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FIGURE 3 | Diabetes and the risk of postpartum VTE. (a) Pre-existing diabetes and (b) gestational diabetes.

would be expected based on differences in geography, study  studies which adjusted for a measure of BMI or obesity. From
design, data source, methods of ascertaining VTE, differences this there was no obvious suggestion that there was an associa-
in methodological quality and variables adjusted for in the anal- tion between pre-existing or gestational diabetes and VTE risk
ysis. We addressed the last of these by restricting analyses to ~ which was mediated through BMI.
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FIGURE 4 | Diabetes and the risk of VTE in the antepartum and postpartum combined (entire maternity). (a) Pre-existing diabetes and (b) ges-

tational diabetes.

4.2 | Interpretation (In Light of Other Evidence)

Our review of studies on postpartum VTE focussed on risk
in the time immediately following childbirth with all but one
study including only events within 3 months of delivery. This
contrasts with a recent systematic review on the association
between gestational diabetes and a number of cardiovascular
and cerebrovascular outcomes which included VTE, which
specifically focussed on long-term follow-up [40]. In a pooled
analysis of four studies, they found a small but statistically sig-
nificant 28% increase in VTE risk among women with gesta-
tional diabetes (RR=1.28; 95% CI 1.13 - 1.46, I’=33%). In our
equivalent analysis, pooling 10 studies on gestational diabetes
and VTE postpartum we obtained a pooled RR of a similar
magnitude but which had a wide confidence interval owing
to both the small size of some of the studies being pooled and
very high levels of heterogeneity (RR =1.39; 95% CI10.77 - 2.51;
I’=70%). In the previous review, the increase in risk for VTE
resulting from gestational diabetes was lower in magnitude
than for other outcomes considered including stroke and any
cardiovascular disease. They also found that the result was at-
tenuated when restricting to studies with gestational diabetes
but no subsequent diabetes. This analysis did not include any
studies with VTE as an outcome, but could support suggestions

that diabetes occurring specifically during pregnancy may not
influence either short- or long-term risk of serious cardiovas-
cular outcomes if this resolves following childbirth. An earlier
systematic review also found gestational diabetes to raise the
risk of cardiovascular disease long term, but did not specifi-
cally include VTE as an outcome [41]. Diabetes was considered
in a narrative review on this topic containing studies up to 2014
[42]. The conclusion from this work that thromboprophylaxis
should only be considered where diabetes co-exists with other
risk factors is largely supported by our findings [42].

4.3 | Strengths and Limitations

Our work has several strengths. This is the first study which
has comprehensively reviewed all previous epidemiological evi-
dence on the link between pre-existing and gestational diabetes
and maternal VTE, with no restrictions placed on geography or
date of publication. Robust statistical methods were used to pool
results from similar studies. Also, by stratifying results accord-
ing to whether diabetes was pregestational or diabetes and pro-
viding separate analyses for antepartum and postpartum VTE
(where available), our results have greater relevance for policy
makers and clinicians.
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This work also had limitations. First, the quality of any sys-
tematic review is only as good as the studies which contrib-
ute to this. Our studies were of observational design and two
components in our quality assessment scored negatively for
around one half of studies. Many studies did not identify and
exclude women who had VTE previously. However, given the
young age of the target population and rarity of the outcome
this is unlikely to have biased findings. Also, there were differ-
ences in methods of ascertaining VTE between studies, with
some registry studies relying solely on clinician codes. Second,
this specific review was complicated through some databases
such as the UK CPRD, the US Healthcare Cost and Utilisation
Project Nationwide Readmissions Database and the Danish
National Registry data all contributing more than one study.
This required care in study selection and data extraction to
avoid duplication of data. However, some duplication may be
unavoidable especially, due to potential overlap in participants
contributing to the CPRD and THIN databases as both used
the same practice management software over the period these
studies were conducted. The degree of overlap is unknown as
information on participating practices is confidential, but no-
table differences in effect sizes from THIN and CPRD data in-
cluded in the same meta-analysis would indicate this overlap
is unlikely to be substantial. The NOS we used to assess meth-
odological quality may not completely capture the full RoB of a
particular study, and some researchers have highlighted limita-
tions with its use [43]. We chose this tool because we felt choice
of confounder selection was the most important internal threat
to validity and the NOS gave us flexibility to rate studies based
on adjustment for covariates which we believed were crucial.
Furthermore, given the importance of obesity in potentially
explaining any association, we conducted additional sensitivity
analysis restricted only to studies which took account of this
factor. Finally, with only a modest number of studies contribut-
ing to any one meta-analysis and with the absence of individual
patient data, we were unable to comprehensively explore rea-
sons for heterogeneity in findings.

5 | Conclusion

In a comprehensive systematic review, we found no clear ev-
idence of a link between either pre-existing or gestational dia-
betes and the risk of maternal VTE, with high heterogeneity in
results between studies. These results should enable healthcare
workers to provide a degree of re-assurance when counselling
pregnant women with diabetes about their likely risk of VTE, giv-
ing attention to other risk factors which may co-exist with this.
However, the wide confidence intervals surrounding pooled ef-
fect estimates in this review will limit this degree of re-assurance.
The UK RCOG thromboprophylaxis guidelines include Type 1
diabetes with nephropathy as a risk factor which would make
them eligible for both antepartum and postpartum VTE pro-
phylaxis [6]. Another clinical guideline from Canada includes
gestational diabetes in its guideline for postpartum thrombopro-
phylaxis if it occurs alongside at least one other risk factor, [44]
while the American College of Chest Physicians pregnancy and
VTE guidelines make no specific mention of diabetes [45]. Data
on Type 1 pre-existing diabetes specifically was only provided
for three of the studies in this review [20, 25, 26]. With registry-
based studies in particular rarely making this distinction because

of how diabetes is coded, it may be difficult even for future stud-
ies to look at diabetes types separately to inform future guideline
updates. Furthermore, studies included in this review did not
consider the role of nephropathy, however, proteinuria has been
found to be higher in women with a history of diabetes as well
as being associated with VTE in pregnancy and postpartum [46].
This would therefore be a plausible explanation as to why VTE
risk could be higher in women with a history of diabetes.

Future research on this topic should shed light on the heteroge-
neity of findings reported to date, in particular whether charac-
teristics particular to a small number of studies which observed
alarge association between a reporting of diabetes and VTE may
give more precise clues as to the nature of any such association
[25, 33-35]. It is essential that future cohort studies on this topic
are based on a causal inference framework which considers that
postpartum VTE in particular is influenced by a large number
of often highly correlated factors [47]. In this case, the value
will be understanding the degree to which either pre-existing or
gestational diabetes may increase the risk of other risk factors,
especially related to delivery which may themselves increase the
risk of VTE [32]. Finally, observational studies can only go so
far in helping us settle controversies in this area. It is important
that future clinical trials and value of information studies are
conducted focussing on thromboprophylaxis targeted towards
women at highest risk [11]. Those at highest risk are where the
benefits of receiving prophylaxis are considered to outweigh the
harms according to various international guidelines [6, 44, 48].
In this review, we found insufficient evidence to advise that dia-
betes should be considered independently of obesity when iden-
tifying such women.
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