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Abstract 

Background: Diabetes is an established risk factor for endometrial cancer development but its impact on progno-
sis is unclear and epidemiological studies to date have produced inconsistent results. We aimed to conduct the first 
systematic review and meta-analysis to compare survival outcomes in endometrial cancer patients with and without 
pre-existing diabetes.

Methods: We conducted a systematic search of MEDLINE, EMBASE and Web of Science databases up to February 
2022 for observational studies that investigated the association between pre-existing diabetes and cancer-specific 
survival in endometrial cancer patients. Secondary outcomes included overall survival and progression or recurrence-
free survival. Quality assessment of included studies was undertaken using the Newcastle–Ottawa Scale and a 
random-effects model was used to produce pooled hazard ratios (HRs) and 95% confidence intervals (CIs). (PROS-
PERO 2020 CRD42020196088).

Results: In total, 31 studies were identified comprising 55,475 endometrial cancer patients. Pooled results suggested 
a worse cancer-specific survival in patients with compared to patients without diabetes (n = 17 studies, HR 1.15, 95% 
CI 1.00–1.32,  I2 = 62%). Similar results were observed for progression or recurrence-free survival (n = 6 studies, HR 1.23, 
95% CI 1.02–1.47,  I2 = 0%) and for overall survival (n = 24 studies, HR 1.42, 95% CI 1.31–1.54,  I2 = 46%).

Conclusion: In this systematic review and meta-analysis, we show that diabetes is associated with a worse cancer-
specific and overall survival in endometrial cancer patients.
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Introduction
Endometrial cancer is the most common gynecologi-
cal malignancy in Western countries and the sixth most 
common cancer among women globally and its incidence 
has increased markedly over the past two decades [1, 
2]. In 2020, there were 544,000 new cases and 260,000 
deaths from endometrial cancer globally, with the highest 
incidence and mortality rates in Northern America and 

Europe [1]. The more commonly occurring low-grade 
endometrioid carcinomas (previously referred to as type 
I carcinomas) are in general associated with a good prog-
nosis [3]. In contrast, high-grade tumors (high-grade 
endometrioid and non-endometrioid), such as serous, 
clear cell carcinomas and undifferentiated carcinomas 
and carcinosarcomas (some of these previously referred 
to as type II carcinomas) are associated with a signifi-
cantly worse prognosis with 5-year survival as low as 14% 
for some types [4–6].

There is evidence to suggest that many endometrial 
cancers (especially endometrioid-type) develop and 
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progress in the context of metabolic dysfunction [7]. 
Obesity is an established risk factor for endometrial can-
cer [8] and is associated with a poorer overall survival 
[9]. Type 2 diabetes is also associated with endometrial 
cancer risk [10], with pooled analyses showing an up to 
two-fold increased risk, independent of body mass index 
(BMI) and physical activity levels [11, 12]. Insulin resist-
ance and hyperinsulinemia are important features of 
diabetes and growing in vitro evidence suggests a direct 
effect of insulin and insulin-like growth factor 1 (IGF-1) 
on endometrial cancer [13, 14]. Increased cell prolifera-
tion and inhibition of apoptosis has been demonstrated 
with activation of the insulin receptor, most likely medi-
ated through both the MAPK and PI3K/Akt pathways 
[14]. Despite mounting pre-clinical evidence, it is unclear 
how diabetes affects survival outcomes following a diag-
nosis of endometrial cancer and results from epidemio-
logical studies have to date been conflicting.

Some studies have shown that women diagnosed with 
endometrial cancer who have diabetes are over twice as 
likely to die from their cancer compared to women with-
out diabetes [15–18] while other studies have found no 
association [19, 20]. Racial disparities in endometrial 
cancer-specific survival according to diabetes status have 
also been noted in some [21], but not all studies [19]; 
these have suggested a poorer disease-specific survival 
in white endometrial cancer patients compared to black 
patients.

Two earlier systematic reviews (7 and 8 years ago) per-
formed meta-analyses for the risk of death from endome-
trial cancer in women with compared to women without 
diabetes but only six studies were pooled and most fol-
lowed cancer-free women until death from endometrial 
cancer [22, 23]. Therefore, death was used as a proxy for 
a cancer diagnosis making it difficult to disentangle the 
impact of diabetes on risk of endometrial cancer com-
pared with survival from endometrial cancer [24]. Given 
the inconsistencies in epidemiological studies to date, we 
aimed to conduct the first systematic review and meta-
analysis to determine the impact of pre-existing diabe-
tes on cancer-specific survival in women diagnosed with 
endometrial cancer, and to investigate the risk of death 
according to important clinical and demographic factors.

Methods
This systematic review and meta-analysis was conducted 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines 
[25]. Before commencement, the review was registered 
with the International prospective register of systematic 
reviews (PROSPERO 2020 CRD42020196088) [26].

Search strategy
Three electronic databases were searched including 
MEDLINE (US National Library of Medicine, Bethesda, 
Maryland, USA), Embase (Reed Elsevier PLC, Amster-
dam, Netherlands) and Web of Science (Thompson 
Reuters, Times Square, New York, USA) for relevant 
studies from database inception to  16th February 2022. 
Keyword searches and Medical Subject Headings 
(MeSH) were used with no language restrictions. The 
search strategy used is listed in Additional file  1. The 
search was limited to humans and excluded reviews. 
Reference lists of the identified studies were also 
screened for eligible studies.

Eligibility criteria
After removal of duplicates, all titles and abstracts were 
screened by at least two reviewers (LM, ÚM and LE). 
Full texts were independently screened by two review-
ers and were included if they met the following criteria:

 I. Participants: Women aged 18 or over who were 
diagnosed with endometrial cancer.

 II. Intervention/Exposure: Diagnosis of diabetes 
mellitus (type 1 or type 2) before endometrial can-
cer, identified by self-report or through medical 
records.

 III. Comparators: Endometrial cancer patients with-
out a diabetes diagnosis.

 IV. Outcome(s): Endometrial cancer-specific survival. 
Overall survival and progression or recurrence-free 
survival were secondary outcomes.

Studies were included if they reported a risk esti-
mate and 95% confidence interval (CI) or if there was 
sufficient information provided to calculate an esti-
mate. Abstracts without a full published text were 
included if they met the inclusion criteria and authors 
were contacted in an effort to gain more information, 
but none responded. Studies that determined diabetes 
status using only a single blood glucose measurement 
were not included as this is deemed to be insufficient 
for a clinical diagnosis of diabetes [27]. Additionally, 
if more than one study investigated survival outcomes 
in the same population, the study that investigated 
cancer-specific survival was included. Furthermore, 
if more than one study investigated cancer-specific 
survival within the same population, the largest study 
was prioritised for inclusion, or if they were of simi-
lar size, the study that considered the most confound-
ers was included. Any discrepancies between authors 
as to whether a paper should be included was resolved 
through discussion.
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Data extraction and quality assessment
Data extraction was conducted independently by two 
reviewers and the following information was extracted 
from each study: author, year of publication, country, 
study design, study population, number of endometrial 
cancer patients, age of patients at diagnosis, average 
follow-up time, diabetes type, diabetes ascertainment 
method, outcomes investigated, number of outcomes, 
covariates adjusted for and study results. The Newcas-
tle Ottawa Scale (NOS) was used to assess the quality of 
each of the studies [28].

Statistical analysis
Statistical analysis was conducted using STATA version 
16 software. Unadjusted and adjusted risk estimates 
(including odds ratio (OR), hazard ratio (HR) or relative 
risk (RR)) and corresponding 95% CI were extracted from 
each study. ORs (from one study [29]) and RRs (from two 
studies [18, 20]) were combined with HRs as ORs and 
RRs in this instance should roughly approximate a HR as 
endometrial cancer mortality is not a common outcome 
[30, 31]. One study [32] only presented a Kaplan Meier 
curve, from which the number of deaths were estimated 
and used to calculate a risk estimate and 95% CI using the 
indirect log hazard ratio and variance estimation method 
from Parmer et al. [33]. If studies presented results sepa-
rately by endometrial cancer histology type (two studies 
[34, 35]), race (two studies [19, 21]) or follow-up time 
(one study [36]) these estimates were combined using a 
fixed effects model to produce one estimate before enter-
ing into the meta-analysis model[37]. As there was an 
overlap between the populations in two studies assess-
ing endometrial cancer-specific survival, separate results 
were taken according to race; the Olson et al. [21] study 
was restricted to black endometrial cancer patients whilst 
the Lam et al. [38] study was restricted to white endome-
trial cancer patients, and treated separately. Additionally, 
one study [36] reported outcomes for endometrial cancer 
patients identified by two methods (cancer registry and 
National Health Service) and to avoid potential overlap 
in patients, only the risk estimate from patients identi-
fied from the cancer registry were included in the meta-
analysis as this is deemed to be a higher quality source for 
cancer case identification [39].

As heterogeneity between individual studies was antici-
pated, a random effects model was used to combine a 
minimum of three studies reporting endometrial cancer-
specific survival to produce an overall pooled estimate 
and 95% CI [40]. Adjusted estimates were prioritised for 
the meta-analysis but if not provided unadjusted esti-
mates were used. Heterogeneity was assessed using the 
I-Squared statistic (I2);  I2 values of 25%, 50% and 75% 

were considered low, moderate and high, respectively 
[41]. Secondary outcomes included overall survival and 
progression-free or recurrence-free survival. The defini-
tion of events for progression or recurrence-free survival 
varied between studies; one study only included disease 
progression [42], two only recurrence [43, 44], another 
either progression or recurrence [45] and two studies 
included recurrence or death [35, 46] as the end point.

Sub-group analyses were conducted by study quality; 
NOS score of ≤ 7 or NOS score of > 7, study type (popula-
tion-based or institution-based), average follow-up dura-
tion (< 5  years or ≥ 5  years) and diabetes ascertainment 
method (self-reported or medical records/diabetes regis-
ter). If there was a minimum of two studies, sub-group 
analysis was also undertaken by histological tumor type 
(endometrioid or non-endometrioid) and race (black or 
white). Where possible, sub-group analysis was under-
taken restricted to studies that adjusted for or stratified 
by BMI. Lastly, sub-group analysis was performed for 
studies where all or at least 90% of endometrial cancer 
patients had undergone surgery.

Sensitivity analyses were performed restricting to stud-
ies with adjusted results only and restricting to stud-
ies that reported a HR for endometrial cancer-specific 
survival. An additional analysis systematically removing 
each study in order to determine its effect on the main 
pooled estimate was conducted. To check for publication 
bias, funnel plots were produced and visually inspected 
for asymmetry and additionally Egger’s test of funnel plot 
asymmetry was applied [47]. The Trim and Fill method 
was used to attempt to calculate a pooled estimate whilst 
adjusting for any funnel plot asymmetry [48].

Results
Study selection
After removal of duplicates, 3,314 records were screened 
by title and abstract. A total of 232 articles were identi-
fied for full text review and of these, 32 studies met the 
inclusion criteria (see Fig.  1). Two studies were subse-
quently excluded as the risk estimate was not consistent 
with the 95% CI reported [49, 50]. An additional study 
[34] was identified by searching the reference lists of the 
included studies. This resulted in a total of 31 studies (30 
full text articles and 1 abstract [51]), 17 of which reported 
endometrial cancer-specific survival, 24 overall survival 
and 6 progression-free or recurrence-free survival. Ten 
studies reported both endometrial cancer-specific sur-
vival and overall survival.

Study characteristics
The characteristics of the studies that investigated endo-
metrial cancer-specific survival and overall survival are 
outlined in Tables  1 and 2, respectively. There were 15 
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studies conducted in the U.S. [15, 18, 19, 21, 32, 34, 35, 
38, 42, 46, 51–55], nine in European countries, includ-
ing Sweden [56], Norway [17], the United Kingdom (U.K) 
[57], the Netherlands [58], Finland [59], Poland [43, 60, 
61], Latvia [36], Germany [45] and France [29]. One study 
was conducted in Australia [16], one in Taiwan [62], one 
in Brazil [44] and two studies combined records from 
institutions in different countries; one from institutions 

in the U.S. and China [20] and the other from institutions 
in Germany and Japan [63]. All studies, except one [55], 
were cohorts in design; 20 were based in single or mul-
ticentre institutions and 11 were population-based. The 
mean or median age of endometrial cancer patients at 
study entry was 60 years or older in most studies. Eleven 
studies only included endometrial cancer patients who 
had undergone surgery [29, 32, 34, 42–44, 46, 51, 52, 

Fig. 1 Flow diagram of the study selection process. *One study and one abstract were excluded as they reported an inconsistent risk estimate and 
95% confidence interval
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59, 60], and three studies reported that at least 90% of 
patients had undergone surgery [16, 18, 61]. Nine stud-
ies specifically included patients with type 2 diabetes [18, 
32, 52, 56, 59–62] or “adult onset diabetes” [53] and the 
remaining studies did not specify diabetes type for inclu-
sion. The most common method of diabetes ascertain-
ment was through medical records (n = 17), while other 
methods included self-report (n = 8) and a diabetes regis-
ter (n = 2). In all studies, diabetes status was ascertained 
at or before endometrial cancer diagnosis.

The factors adjusted for in each of the studies is sum-
marised in Additional file 2. Most of the studies adjusted 
for a number of potential confounders while three studies 
reported unadjusted estimates [32, 46, 61] and one study 
reported only an age-adjusted estimate [62]. Cancer stage 
was adjusted for in 15 of 17 studies that assessed cancer-
specific survival, and 14 of 24 studies that assessed overall 
survival. Seven studies [20, 38, 42, 43, 54, 57, 58] adjusted 
for comorbidities such as cardiovascular disease, hyper-
tension and cerebrovascular disease. The majority of 
studies had an NOS score of 5 or above, Tables 1 and 2.

Endometrial cancer-specific survival
Seventeen studies investigated endometrial cancer-
specific survival, and in the meta-analysis comprising 
35,814 patients, those with diabetes had a significant 15% 
increased risk of cancer death compared to patients with-
out diabetes (HR 1.15, 95% CI 1.00–1.32), with moderate 
heterogeneity observed  (I2 = 62%; P < 0.01), see Fig. 2.

Sub-group analyses are presented in Table 3. Results 
were similar according to study quality but were sta-
tistically significant when restricted to higher quality 
studies (HR 1.23, 95% CI 1.07–1.42,  I2 = 6.4%). The risk 
of cancer-specific mortality for patients with diabe-
tes was more marked when restricting to population-
based studies (HR 1.24, 95% CI 1.05–1.47,  I2 = 61%) 
compared to institution-based studies and heteroge-
neity increased (HR 1.04, 95% CI 0.79–1.37,  I2 = 59%). 
Results were similar when stratified by length of follow-
up, Table 3. In sub-group analysis by diabetes ascertain-
ment method, risk of cancer-specific death was more 
marked in studies where diabetes was self-reported, 
albeit not significantly (HR 1.32, 95% CI 0.87–1.99, 
 I2 = 70%). Six studies adjusted for BMI and when 
pooled, no significant difference was seen for patients 
with diabetes compared to those without diabetes (HR 
0.94, 95% CI 0.72–1.23,  I2 = 41%). When restricting 
to four studies of patients diagnosed with endometri-
oid endometrial carcinoma, results were similar to the 
main analysis although not statistically significant (HR 
1.20, 95% CI 0.84–1.72,  I2 = 42%) and results were fur-
ther attenuated for non-endometrioid endometrial 

carcinoma types, Table  3. In sub-group analysis of six 
studies restricting to endometrial cancer patients who 
had undergone surgery, risk of death from endometrial 
cancer was higher for patients with diabetes compared 
to patients without, although it did not reach statistical 
significance (HR 1.44, 95% CI 0.93–2.22,  I2 = 75%). In 
stratified analysis by race, diabetes was associated with 
a significant increased risk of death from endometrial 
cancer in white patients (HR 1.26, 95% CI 1.22–1.31, 
 I2 = 0%), whereas no association was observed in black 
patients (HR 0.92, 95% CI 0.71–1.20,  I2=0%).

In sensitivity analyses, excluding two studies that 
reported RRs (see Table 3) or the exclusion of individ-
ual studies (data not shown) did not markedly change 
the pooled cancer-specific mortality risk estimate. 
There was no evidence of publication bias in the funnel 
plot for studies reporting endometrial cancer-specific 
survival (see Additional file 3).

Overall survival
Twenty-four studies investigated overall survival in 
26,352 endometrial cancer patients and the pooled HR 
for patients with diabetes compared to patients without 
diabetes was 1.42 (95% CI 1.31–1.54) with moderate 
heterogeneity observed  (I2 = 46%, P = 0.01), as shown 
in Fig. 3.

There was a consistently higher risk of death from any 
cause observed for patients with diabetes compared 
to patients without diabetes across all sub-groups, see 
Table 3. A more marked increase in risk was observed 
when restricting to patients with endometrioid cancer 
and in patients who were overweight or obese, (endo-
metrioid:  HR 1.63, 95% CI 1.18–2.25,  I2 = 41%, over-
weight or obese:  HR 1.76, 95% CI 1.19–2.61,  I2 = 0%, 
respectively). White patients with diabetes had a 
slightly higher risk of death from any cause when com-
pared to black patients with diabetes (white patients: 
HR 1.35, 95% CI 1.09–1.65, black patients: 1.27, 95% 
CI 1.08–1.50). In addition, when restricting to studies 
that adjusted for BMI, patients with diabetes had a sig-
nificantly higher risk of death from any cause (HR 1.52, 
95% CI 1.22–1.90,  I2 = 60%).

In sensitivity analysis, the exclusion of individual 
studies did not markedly change the pooled overall 
survival estimate (data not shown). Upon visual inspec-
tion of the funnel plot for studies reporting overall sur-
vival there appeared to be asymmetry (see Additional 
file  4), which may reflect publication bias (Egger’s test 
P < 0.01). Using the Trim and Fill method, imputation 
of eight potentially missing studies to adjust for asym-
metry resulted in an attenuated, albeit still increased 
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risk of death from any cause for patients with diabetes 
(n = 32 studies, HR 1.30, 95% CI 1.18–1.42).

Progression or recurrence-free survival
Endometrial cancer patients with diabetes had a signifi-
cant 23% increased risk of disease progression or recur-
rence compared to patients without diabetes (n = 6 
studies, HR 1.23, 95% CI 1.02–1.47,  I2 = 0%, P = 0.88) and 
results were similar across sub-group analyses, see Addi-
tional files 5 and 6.

Discussion
In this systematic review and meta-analysis we found 
that endometrial cancer patients with pre-existing dia-
betes had a significant 15% increased risk of cancer-
specific death compared to patients without diabetes 
but this was not consistent across all sub-group analy-
ses. Patients with diabetes experienced a significant 42% 
and 23% higher risk of all-cause mortality and progres-
sion  or  recurrence of disease, respectively compared to 
patients without diabetes which was generally similar 
across sub-group analyses.

Mechanisms relating to hyperglycaemia and hyper-
insulinemia may underlie the observed increased risk 

of cancer-specific death in endometrial cancer patients 
with diabetes. Pre-clinical evidence has shown that 
endometrial tumor cells have altered glucose metabo-
lism compared to normal endometrial cells and this can 
facilitate proliferation, adhesion and invasion [64]. Up 
to 93% of so-called Type I endometrial tumors (endo-
metrioid type) are missing the phosphatase and tensin 
homologue (PTEN), or have mutations in the PI3K/
Akt/mTOR pathways that it regulates [64, 65]. These 
pathways support glucose uptake (glucose transport-
ers) and metabolism in order to fuel cell growth [64, 
66, 67]. In endometrial cancer patients with diabe-
tes, high levels of blood glucose may directly promote 
proliferation of tumor cells by providing the required 
glucose-derived carbon for these pathways [64, 68]. In 
patients without hyperinsulinemia, IGF binding pro-
teins (IGFBP-1 and IGFBP-2) control the amount of 
active IGF-1 that can act on cells to induce cell pro-
liferation [13]. However, in patients with hyperin-
sulinemia not only is more insulin secreted, but the 
production of IGFBP-1 and IGFBP-2 is diminished, 
therefore permitting a higher concentration of active 
IGF-1 which can stimulate insulin receptors (IR) on 
endometrial tumor cells [13, 14]. Stimulation of the 

Fig. 2 Forest plot showing the Hazard Ratio and 95% CI for cancer-specific survival in endometrial cancer patients with diabetes compared to 
without. aRelative risk. bUnadjusted estimate. cOnly white patients included due to cohort overlap [21]. dOnly black patients included due to cohort 
overlap [38]. EC = Endometrial cancer. CI = Confidence Interval. NR = Not Reported
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IRs and IGF-IRs has been shown to upregulate prolif-
eration of endometrial tumor cells and inhibit apopto-
sis through the MAPK and PI3K/Akt/mTOR pathways 
[13, 14]. Furthermore, high expression of IGF-1 recep-
tor has been linked to adverse prognostic factors such 
as lymph node involvement, even after controlling for 

age, BMI and histological type; it is therefore plausi-
ble that hyperinsulinemia may have a direct influence 
on the progression of endometrial cancer [69]. Similar 
to cancer-specific mortality, we found that progression 
or recurrence-free survival was significantly poorer in 
endometrial cancer patients with diabetes compared to 

Table 3 Analysis results for cancer-specific and overall survival in endometrial cancer patients with compared to without diabetes

a Only included studies which reported a mean or median follow-up
b Sung et al. adjusted for obesity

EC Endometrial cancer, CI Confidence Interval, HR Hazard Ratio

No. of 
included 
studies

No. of EC patients Pooled estimate (95% CI) I-Squared (%) Pheterogeneity value

Endometrial cancer-specific survival
 Main analysis 17 35,814 1.15 (1.00–1.32) 62.2  < 0.01

 Multivariate analysis 15 35,172 1.17 (1.00–1.35) 66.3  < 0.01

 Restricting to studies that reported a HR 15 35,274 1.16 (1.07–1.33) 59.8  < 0.01

 Studies with a quality score of ≤ 7 13 11,762 1.17 (0.97–1.42) 61.2  < 0.01

 Studies with a quality score of > 7 4 24,052 1.23 (1.07–1.42) 6.4 0.36

 Studies with a follow-up of < 5 years a 4 4,275 1.27 (0.89–1.82) 60.7 0.05

 Studies with a follow-up of ≥ 5 years a 9 7,605 1.15 (0.88–1.49) 65.1  < 0.01

 Population-based studies 9 26,945 1.24 (1.05–1.47) 61.0  < 0.01

 Institution-based studies 7 8,742 1.04 (0.79–1.37) 59.6 0.02

 Self-reported diabetes 7 7,480 1.32 (0.87–1.99) 69.7  < 0.01

 Medical record reported diabetes 10 28,334 1.13 (0.98–1.30) 57.5 0.01

 Endometrioid histology 4 4,4453 1.20 (0.84–1.72) 41.6 0.16

 Non-endometrioid histology 4 2,079 1.00 (0.81–1.23) 0.0 0.47

 Restricted to white women 2 23,099 1.26 (1.22–1.31) 0.0 0.62

 Restricted to black women 2 1,229 0.92 (0.71–1.20) 0.0 0.40

 Adjusted for BMI b 6 6,887 0.94 (0.72–1.23) 40.6 0.01

 Undergone surgery 6 7,983 1.44 (0.93–2.22) 75.0  < 0.01

Overall survival
 Main analysis 24 26,352 1.42 (1.31–1.54) 46.3 0.01

 Multivariate analysis 20 25,563 1.43 (1.31–1.56) 54.3  < 0.01

 Univariate analysis 9 5,998 1.33 (1.21–1.46) 0.0 0.79

 Studies with a quality score of ≤ 7 21 23,787 1.41 (1.29–1.54) 47.1 0.01

 Studies with a quality score of > 7 3 2,565 1.45 (1.12–1.88) 38.4 0.20

 Studies with a follow-up of < 5 years a 6 15,136 1.28 (1.21–1.37) 0.0 0.48

 Studies with a follow-up of ≥ 5 years a 8 4,767 1.65 (1.32–2.06) 76.8  < 0.01

 Population-based studies 9 19,158 1.43 (1.27–1.61) 72.9  < 0.01

 Institution-based studies 15 7,194 1.43 (1.28–1.61) 0.0 0.70

 Self-reported diabetes 5 3,371 1.99 (1.61–2.46) 32.8 0.20

 Medical record reported diabetes 15 21,240 1.28 (1.22–1.34) 0.0 0.92

 Endometrioid histology 5 3,196 1.63 (1.18–2.25) 41.2 0.15

 Restricted to white women 2 11,966 1.35 (1.09–1.65) 41.9 0.19

 Restricted to black women 2 1,229 1.27 (1.08–1.50) 0.0 0.63

 Adjusted for BMI 7 5,374 1.52 (1.22–1.90) 59.6 0.02

 Overweight and obese patients 
(≥ 25 kg/m2 or ≥ 30 kg/m2)

2 824 1.76 (1.19–2.61) 0.0 0.93

 Undergone surgery 11 5,209 1.57 (1.28–1.93) 62.7  < 0.01
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those without diabetes, even when restricting to studies 
that reported multivariate estimates (including adjust-
ment for BMI). Only six studies however, were iden-
tified in this secondary analysis and studies differed 
in their definitions of tumor progression that limited 
interpretation and exploration of sub-groups.

Obesity is a common risk factor for both diabetes and 
endometrial cancer and has been associated with poorer 
overall survival [9] among endometrial cancer patients; 
however, its influence on endometrial cancer-specific 
mortality is less clear [70]. Due to a lack of studies, we 
were unable to conduct stratified analysis for cancer-
specific survival according to BMI categories but in a 
sensitivity analysis restricting to studies that adjusted 
for BMI [15, 20, 34, 53, 54, 57], there was no difference 
in survival according to diabetes status. Higher amounts 
of adipose tissue has been shown to increase the con-
version of androgens to estrogens, which when unop-
posed by progesterone in the endometrium can result 
in increased endometrial proliferation, hyperplasia and 
cancer development [70]. The lack of association between 
diabetes and cancer-specific survival among studies that 
controlled for BMI may suggest that the association 
between diabetes and cancer-specific survival is medi-
ated by BMI, but only six studies adjusted for this in their 
analyses and further investigation is required. Moreover, 

definitions of BMI varied between studies and one study 
[20] only adjusted for obesity. Additionally, patients 
who have morbid obesity and associated comorbidities 
that contraindicate surgery may be treated more con-
servatively [71], increasing the likelihood of disease pro-
gression. When restricting to patients who underwent 
surgery there was still evidence of an increased risk of 
cancer-specific death among patients with diabetes but 
this was not statistically significant, possibly reflecting 
the reduced number of studies.

None of the identified studies in this review included 
sufficient information on diabetes severity or duration. 
Although diabetes is a risk factor for endometrial can-
cer, the influence of diabetes duration on endometrial 
cancer risk is also poorly understood. In a recent inves-
tigation in the Nurses’ Health Study and Health Profes-
sionals Follow-up Study [10], the risk of endometrial 
cancer, amongst other cancer types, reached highest 
levels at 4–8  years after type 2 diabetes diagnosis after 
which the elevated risk did not further increase, therefore 
aligning with the gradual diminishment of endogenous 
production of insulin over time. The authors concluded 
that this finding, together with analysis of clinical meas-
ures for endogenous insulin secretion and long-term 
blood glucose concentration over time (C-peptide and 
HbA1c, respectively), support the hypothesis that insulin 

Fig. 3 Forest plot showing the Hazard Ratio and 95% CI for overall survival in endometrial cancer patients with diabetes compared to without. a 
Odds ratio or relative risk. b Unadjusted estimate. CI = Confidence Interval. NR = Not Reported



Page 14 of 17McVicker et al. BMC Cancer          (2022) 22:427 

resistance and hyperinsulinemia has a direct impact on 
cancer pathogenesis and development, rather than repre-
senting a spurious association confounded by shared risk 
factors between type 2 diabetes and cancer [10]. Similar 
investigations in longitudinal endometrial cancer cohorts 
are required to evaluate the influence of diabetes dura-
tion, as well as diabetes type and severity, on long-term 
cancer outcomes.

In sub-group analysis by histological tumor type, there 
was a suggestion that diabetes was associated with a 
higher risk of endometrial cancer-specific death in endo-
metrioid in comparison to non-endometrioid cancers, 
albeit this was not statistically significant and only four 
studies were included. In sub-group analyses by race, we 
found that the increase in cancer-specific death was seen 
only in white endometrial cancer patients and no signifi-
cant association was observed among black patients with 
diabetes, despite adjusting for tumor stage, grade and 
histology. These findings by race may be reflective of the 
type of endometrial cancer; in the US, endometrioid car-
cinoma rates are highest in non-Hispanic whites whereas 
non-endometrioid carcinoma rates are highest in non-
Hispanic blacks [72], so it is possible that diabetes is less 
likely to influence the progression of non-endometrioid 
tumors. Only two studies, however, stratified results by 
race and numbers were substantially reduced in the black 
sub–group so these novel associations warrant further 
investigation in large population-based cohorts.

Overall survival was a secondary outcome in this 
review and the meta-analysis of 24 studies showed that 
endometrial cancer patients with pre-existing diabetes 
had a 42% higher risk of death from any cause compared 
to patients without diabetes, which was generally con-
sistent across all sub-group analyses. Diabetes is a major 
contributor to morbidity and mortality through micro-
vascular (neuropathy and nephropathy) and macrovascu-
lar (cardiovascular disease (CVD), stroke and peripheral 
vascular disease) complications [73]. Of particular con-
cern, CVD accounts for 65% of all deaths in people with 
diabetes, and is the leading cause of death for endo-
metrial cancer patients [73, 74]. CVD therefore likely 
contributed to the higher risk of all-cause mortality dem-
onstrated in our meta-analysis. Only four studies [42, 43, 
57, 58] investigating overall survival adjusted their analy-
sis for comorbidities (including CVD), two of which still 
observed an increased risk of death among endometrial 
cancer patients with pre-existing diabetes compared to 
patients without diabetes [43, 58]. Risk of all-cause death 
was notably higher for patients with diabetes even when 
restricted to studies that adjusted for BMI, which has 
previously been suggested to be an independent risk fac-
tor for all-cause mortality in endometrial cancer patients 
[70].

This is the first systematic review and meta-analysis to 
our knowledge to investigate the risk of cancer-specific 
mortality in endometrial cancer patients according to 
diabetes. The review has a number of strengths, including 
the use of a comprehensive search strategy in three large 
databases with no language restrictions. Moreover, all 
articles were independently screened and reference lists 
were reviewed to ensure all relevant studies were iden-
tified. Eleven of the included studies were population-
based and although study sizes varied, pooled analysis 
of cancer-specific mortality included over 35,800 endo-
metrial cancer patients. Although the number of studies 
was reduced, we conducted novel meta-analyses for sub-
groups based on tumor histology and race.

Some potential limitations of our review should also be 
acknowledged. Although most studies adjusted for age 
at diagnosis, cancer stage, type and grade, other factors 
varied and likely explained some of the moderate het-
erogeneity observed in pooled analyses. As discussed, 
there is potential for residual confounding by factors 
such as comorbidities, lifestyle factors and race/ethnic-
ity since not all studies adjusted for these. Some stud-
ies also lacked information on cancer treatments and 
there is some evidence that cancer patients with diabetes 
experience less aggressive cancer treatment compared 
to patients without diabetes, which may contribute to 
poorer survival [75, 76], however, an increased risk of 
endometrial cancer-specific mortality was still observed 
in individual studies that controlled for cancer treat-
ments [15, 38, 58] and suggested in pooled sub-group 
analyses restricted to patients who underwent surgery. 
Most studies included patients with any type of diabetes, 
but given the much lower prevalence of type 1 diabetes 
[77], as well as the average age of endometrial cancer 
onset (60  years) [78], it can likely be assumed that the 
majority of diabetes cases were type 2. Eight studies were 
based on self-reported diabetes, but validation studies 
have shown good correlation with clinical diagnoses of 
diabetes across a number of different settings [79–81]. 
Four studies received a quality score of less than five, and 
inclusion of low quality primary studies has been shown 
to exaggerate the overall estimate produced in meta-
analysis [82], however in sub-group analysis restrict-
ing to studies with a high quality score, pooled results 
were similar to the main analysis. We used the NOS 
tool for quality assessment and although widely used, 
we acknowledge that this tool may not have assessed all 
aspects of observational studies and other tools are avail-
able [83]. Additionally, asymmetry was noted in the fun-
nel plot for studies investigating overall survival which 
could reflect publication bias. Reassuringly, using the 
trim and fill method [48] to approximate the pooled esti-
mate after imputation of eight potentially missing studies 
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the association between diabetes and all-cause mortal-
ity was only partly attenuated. Lastly, the pooling of OR, 
RRs and HRs together in a meta-analysis is debated, how-
ever, only three of 31 studies reported a RR or OR and as 
endometrial cancer-specific mortality is not a common 
outcome, OR and RRs should largely approximate a HR 
in this instance [31]. Furthermore, in sensitivity analysis 
excluding studies that did not report HRs, the pooled 
estimate was unchanged. Despite these limitations, the 
findings from this systematic review could inform future 
prognostic models for endometrial cancer to supplement 
established clinical and histopathological factors [3], with 
the ultimate aim of better identifying endometrial cancer 
patient groups at highest risk of progression, in whom 
risk-reducing treatments can be better targeted. The 
recently proposed molecular classification of endome-
trial cancer [84] (identified in The Cancer Genome Atlas 
[66]) will offer future opportunities for further prognostic 
stratification of endometrial cancer.

Conclusion
In the first systematic review and meta-analysis to 
evaluate the association between diabetes and endo-
metrial cancer progression, there was suggestive 
evidence that diabetes was associated with a worse 
cancer-specific survival, but there was insufficient data 
for detailed sub-group analysis by important clinical 
and demographic factors. To establish whether dia-
betes is an important prognostic feature in endome-
trial cancer, further investigation is required in large 
population-based studies with detailed information on 
diabetes type, duration and severity as well as patient 
and tumor factors to enable the conduct of sub-group 
analyses. The findings of our review and meta-analysis 
may be useful in counselling patients with diabetes who 
develop endometrial cancer.
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