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Abstract
Background  Pre-eclampsia may be associated with the development of endometrial cancer; however, previous 
findings have been conflicting.

Objectives  To investigate if pre-eclampsia is associated with an increased risk of endometrial cancer.

Method  Two independent reviewers screened titles and abstracts of studies identified in MEDLINE, Embase, and 
Web of Science databases from inception until March 2022. Studies were included if they investigated pre-eclampsia 
and subsequent risk of endometrial cancer (or precursor lesions). Random-effects meta-analysis was used to calculate 
pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between pre-eclampsia during 
pregnancy and endometrial cancer risk.

Main results  There were seven articles identified which investigated endometrial cancer, of which one also 
investigated endometrial cancer precursors. Overall, the studies include 11,724 endometrial cancer cases. No 
association was observed between pre-eclampsia and risk of endometrial cancer with moderate heterogeneity 
observed (pooled HR 1.07, 95% CI 0.79–1.46, I2 = 34.1%). In sensitivity analysis investigating risk of endometrial 
neoplasia (atypical hyperplasia, carcinoma in situ, or cancer), there was some evidence that pre-eclampsia was 
associated with an increased risk (HR 1.34, 95% CI 1.15–1.57, I2 = 29.6%).

Conclusions  Pre-eclampsia was not associated with an increased risk of endometrial cancer. Additional large studies 
with information on pre-eclampsia sub-type aiming to investigate endometrial cancer precursor conditions are 
merited.
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Introduction
The incidence of endometrial cancer has increased rap-
idly in high-income countries [1], doubling in the UK 
over the last 30 years [2] and in the US, a 0.5% increase 
in age-adjusted rates has been observed year-on-year 
[3]. Rising incidence has occurred in almost all global 
regions, likely due to increasing obesity rates, greater life 
expectancy, and changes in reproductive patterns [4].

Pregnancy is known to confer long-term protection 
against endometrial cancer, most likely due to preg-
nancy-induced hormonal changes [5, 6]. The hormonal 
milieu of pregnancy is characterised by increased levels 
of estrogen, progesterone, and intrauterine growth fac-
tors, almost exclusively produced by the placenta [7]. 
Pre-eclampsia, a pregnancy-induced syndrome result-
ing in placental dysfunction [8], complicates 2–7% of 
pregnancies and rates have been rising over the past two 
decades [9]. A dominant feature of pre-eclampsia is anti-
angiogenesis [10], which restricts tumor growth [11] and 
pre-eclampsia has therefore been hypothesised to be 
associated with a reduction in the risk of solid tumors in 
later life.

There is limited understanding about the relationship 
between pre-eclampsia and the risk of endometrial can-
cer despite some evidence linking pre-eclampsia with a 
reduced risk of breast cancer [12]. Similar to breast can-
cer, most endometrial cancers are hormone-dependent 
with primary risk factors related to exposure to endog-
enous and/or exogenous estrogens [13]. There is some 
evidence that pre-eclamptic women have lower levels of 
estrogen and elevated levels of progesterone compared to 
women with normotensive pregnancies [14, 15]. Reduced 
levels of insulin-like growth factor-1 (IGF-1), a potent 
stimulator of endometrial cell proliferation, have been 
observed in women with pre-eclampsia [16]. In con-
trast, circulating levels of androgens in women with pre-
eclampsia are elevated approximately two-to three-fold 
[17] with emerging evidence suggesting that androgens 
may be important in driving endometrial cancer develop-
ment and progression [18].

Findings from epidemiological studies investigat-
ing pre-eclampsia and risk of endometrial cancer have 
been inconsistent. A large Danish case-control study 
did not find any association between pre-eclampsia and 
the risk of endometrial cancer [19]. In contrast, a nested 
case-control study using registry data from four Nordic 
countries, including 10,924 endometrial cancer cases, 
concluded that pre-eclampsia during pregnancy was 
associated with a significantly elevated risk of endome-
trial cancer, with similar results for both Type I and Type 
II endometrial cancer [20].

Further investigation of the long-term impacts of pre-
eclampsia may provide insights into understudied bio-
logical mechanisms of endometrial carcinogenesis. This 

study aimed for the first time to systematically review the 
current evidence on the association between pre-eclamp-
sia diagnosed during pregnancy and risk of endometrial 
cancer.

Materials and methods
Search strategy
This systematic review was carried out and reported 
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guide-
lines, see supplementary Tables 2 [21, 22] as well as the 
Meta-analyses Of Observational Studies in Epidemiol-
ogy (MOOSE) checklist, see supplementary Table 1 [22]. 
The protocol for this review is registered on the Prospero 
database 2020: CRD42020213459 [23].

The search was carried out using three online data-
bases; EMBASE (Reed Elsevier PLC Amsterdam, Neth-
erlands), MEDLINE (US National Library of Medicine, 
Bethesda, Maryland, USA), and Web of Science (Thomp-
son Reuters, Times Square, New York, USA), from data-
base inception until March 2022. The search strategy 
contained relevant Medical Subject Heading (MESH) and 
keywords relating to pre-eclampsia and endometrial can-
cer (or endometrial precursor conditions), see Table  1. 
A broad search strategy containing terms related to any 
cancer type was employed to prevent relevant studies 
from being missed. Validated study design search filters 
for observational studies were used [24] and the search 
was restricted to studies in humans [25]. Abstracts and 
unpublished studies were excluded. No restrictions on 
language were applied.

Inclusion and exclusion criteria
All titles and abstracts were independently screened, and 
relevant abstracts had their full texts reviewed indepen-
dently, by at least two reviewers (ÚCM, KH, KAE, LMV, 
HJ). Articles which met the following pre-set criteria 
were eligible for inclusion:

i.	 Participants: Women and girls with a confirmed 
pregnancy.

ii.	 Interventions: Recorded diagnosis of pre-eclampsia 
at any stage during pregnancy.

iii.	Comparators: Women and girls with a confirmed 
pregnancy without a diagnosis of pre-eclampsia 
during pregnancy.

iv.	Outcome: Endometrial cancer was the primary 
outcome and endometrial precursors (such as 
atypical endometrial hyperplasia) was a secondary 
outcome.

v.	 Study design: Observational studies (including case-
control, retrospective, and prospective cohorts).

Studies were included if they reported a risk estimate 
and 95% confidence interval (CI) or if there was suffi-
cient information provided to calculate an estimate. Any 
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discrepancies were resolved through discussion. Bibliog-
raphies of included studies were also reviewed. However, 
studies which included younger patients or did not report 
pregnancy and endometrial cancer or premalignant 
endometrial lesions, were excluded from this analysis.

Data extraction
Relevant information concerning the author, publica-
tion year, study location, study design, study population 
characteristics, information on pre-eclampsia diagno-
sis, duration of follow-up, confounders, information on 
endometrial cancer diagnosis, and study results were 
extracted from the full-text articles. The Newcastle-
Ottawa Scale (NOS) was used to derive a quality score for 
each of the studies included in the review [26].

Statistical analysis
Risk estimates for the association between pre-eclamp-
sia and endometrial cancer risk, including relative 
risks (RR), odds ratios (OR), or hazard ratios (HR), and 

corresponding 95% CIs were extracted from each study. 
ORs and RRs in this instance should roughly approximate 
a HR as endometrial cancer is not a common outcome 
[27, 28]. Multivariate estimates were prioritised for the 
meta-analysis but if not provided univariate estimates 
were used.

The risk estimates and associated 95% CIs were con-
verted to log values and a random-effects model [27] was 
used to statistically pool results using the ‘metan’ package 
in STATA version 17.0. To assess heterogeneity between 
studies, the I [2] statistic was calculated [29] with I [2] 
values of 25%, 50%, and 75% described as low, moderate, 
and high heterogeneity [29].

A sub-group analysis was carried out restricting to 
higher quality (NOS score of ≥ 7) and lower quality (NOS 
score of < 7) studies. A sub-group analysis was also con-
ducted restricted to studies that adjusted for confounding 
factors (including body mass index, (BMI) and maternal 
age). Additionally, a sensitivity analysis was conducted to 
include studies that investigated the risk of any endome-
trial neoplasia, including precursor conditions (such as 
endometrial hyperplasia). Finally, to evaluate their indi-
vidual effect on the pooled estimate, a sensitivity analy-
sis was conducted whereby each study was systematically 
removed from the main analysis.

Results
A flowchart displaying the study selection process is out-
lined in Fig. 1. Following the removal of duplicates, 1,107 
records were screened by title and abstract. A total of 48 
articles were identified for full-text review and of these, 
seven studies met the inclusion criteria [20, 30–35].

There was some potential overlap in study populations 
in two of the identified articles [20, 32] however, fol-
lowing personal communication with study authors, we 
retrieved results from one study which restricted to an 
earlier time period, therefore eliminating potential par-
ticipant overlap [32].

Study characteristics
The characteristics of the included studies are detailed in 
Table 2. Three studies were conducted in Europe [20, 31, 
32] while four were in Asia [30, 33–35]. Five studies were 
cohort in design, [30–34] one utilised a nested case-con-
trol approach [20] and another one was case-control [35]. 
Five studies were population-based, [20, 31, 33–35] one 
was single-centre-based [30] and one was multi-centre 
based [32]. In total, 714,286 women were included and 
11,724 endometrial cancer cases were identified, how-
ever, sample sizes varied across studies, Table 2.

All studies included pregnancies complicated by pre-
eclampsia, identified through medical records or national 
birth registries, Table 2. Definitions of pre-eclampsia var-
ied between studies including (I) new-onset hypertension 

Table 1  Search Strategy (Medline)
# Searches
1 Pre-eclamp*.mp. or Pre-Eclamp*/

2 Preeclamp*.mp.

3 Tox?emia.mp. or Toxemia/

4 Gestosis.mp.

5 Hypertensive pregnancy disorder*.mp.

6 Cancer*.mp. or Neoplasms/

7 Neoplasm*.mp. or Neoplasms/

8 tumo?r*.mp.

9 Malignan*.mp.

10 Carcinoma/ or Carcinoma.mp.

11 Adenocarcinoma/ or Adenocarcinoma*.mp.

12 Adenosarcoma/ or Adenosarcoma.mp.

13 Carcinosarcoma/ or Carcinosarcoma*.mp.

14 Atypical hyperplasia.mp.

15 Hyperplasia with atypia.mp.

16 Intraepithelial neoplasia.mp.

17 Epidemiologic Studies/

18 exp Case-Control Studies/

19 exp Cohort Studies/

20 Case control.tw.

21 (cohort adj (study or studies)).tw.

22 Cohort analyS.tw.

23 (Follow up adj (study or studies)).tw.

24 (observational adj (study or studies)).tw.

25 Longitudinal.tw.

26 Restrospective.tw.

27 Cross sectional.t.w

28 1 or 2 or 3 or 4 or 5

29 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16

30 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

31 28 and 29 and 30

32 Limit 31 to humans
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Fig. 1  Flow chart of the selection process to identify studies investigating pre-eclampsia and risk of endometrial cancer
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with proteinuria during pregnancy [30] (II) pre-eclamp-
sia defined according to ICD-8 codes [34] (III) pre-
eclampsia considered as a triad of hypertension (SP > 140 
mmHg and/or DP > 90 mmHg) proteinuria, and oedema 
[33]. The included studies evaluated either the absence or 
presence of pre-eclampsia with no reference to subtypes 
(i.e., early-onset or late-onset).

Endometrial cancer diagnoses were ascertained from 
cancer registries in four studies, [20, 31–33] hospital 
records in two studies [30, 35] and a health insurance 
database in one study [34]. In terms of study quality, most 
studies were defined as being of moderate quality, how-
ever only four adjusted for potential confounders [20, 
31, 33, 34]. Only one study investigated the association 
between pre-eclampsia and endometrial cancer subtypes 
(Type I and Type II) [20] and one study provided addi-
tional results for a combined outcome of endometrial 
neoplasia which included atypical endometrial hyperpla-
sia, carcinoma in situ of the endometrium, or endome-
trial cancer [34].

Pre-eclampsia and risk of endometrial cancer
Figure  2 shows the results of the pooled analysis for all 
studies, showing no significant association between pre-
eclampsia and risk of endometrial cancer, with moderate 
heterogeneity observed (pooled HR 1.07, 95% CI 0.79–
1.46, I2 = 34.1%).

Results were largely similar in sub-group analysis 
based on study quality; (NOS score ≥ 7: pooled HR 1.05, 
95% CI 0.72–1.54, I2 = 50.7%, NOS score < 7: pooled HR 
0.90, 95% CI 0.39–2.08, I2 = 0.0%), Table  3. When stud-
ies were restricted to those that included adjustments for 
potential confounding factors, results were similar to the 
main analysis, Table  3. Only one study provided results 
by endometrial cancer type and found that pre-eclamp-
sia was associated with an increased risk of both Type 
I (OR 1.44, 95% CI 1.30–1.59) and Type II endometrial 
cancer (OR 1.39, 95% CI 0.91–2.15), but numbers were 
reduced in the Type II analysis [20]. A sensitivity analysis 
evaluating the risk of any sub-type of endometrial neo-
plasia showed that pre-eclampsia was associated with an 
increased risk of atypical hyperplasia, carcinoma in situ, 
or cancer with a pooled HR of 1.34 (95% CI 1.15–1.57) 
with moderate heterogeneity (I2 = 38.5%), Table  3. In 
additional sensitivity analyses removing individual stud-
ies, results were largely similar to the main analysis how-
ever, the pooled estimate increased when the study by 
Bhattacharya et al. [31] was excluded (pooled HR 1.40, 
95%CI 1.26–1.54, I2 = 0.0%), Table 3.

Discussion
Main findings
This is the first systematic review and meta-analysis to 
evaluate the association between pre-eclampsia and risk A
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of endometrial cancer. Pooled results showed that pre-
eclampsia was not significantly associated with the risk of 
developing endometrial cancer and results were similar 
when restricted to higher quality studies.

Interpretation
Despite the inclusion of 714,286 women and 11,724 EC 
cases, only seven studies were identified in this system-
atic review, and the findings varied between individual 
studies. The study by Trabert et al. [20] conducted within 
four Nordic countries included the largest number of 
endometrial cancer cases (n = 10,924) and contributed 
over 44.9% to the weighting in the meta-analysis. In con-
trast to the pooled analyses, in this study endometrial 
cancer risk was significantly increased by 43% for women 
who had a diagnosis of pre-eclampsia during pregnancy 
compared to women with a normotensive pregnancy 
[20]. The increased risk was similar in stratified analysis 
by Type I and Type II endometrial cancer [20]. Type I 
endometrial cancers are typically less aggressive and are 
more estrogen-sensitive [36] compared to Type II endo-
metrial cancers however, recent studies have debated this 
[37]. Although the Nordic study did not provide informa-
tion on the specific clinical definitions of pre-eclampsia, 
it used high-quality national patient registries to capture 
information on pre-eclampsia and endometrial can-
cer types [20]. It was also the only study in the review 
to adjust for BMI; obesity is a risk factor for both pre-
eclampsia and endometrial cancer [38]. The findings from 
the Trabert et al. [20] study contrast with a previous pop-
ulation-based Danish registry study that was excluded 
from this review due to overlapping study populations 
with the Nordic study [20]. Hallum et al. [19] found no 
association between pre-eclampsia and endometrial can-
cer risk (OR 1.11, 95% CI 0.68–1.81). The study lacked 
BMI adjustment but did adjust for age at first birth, par-
ity, diabetes, and educational attainment. Interestingly in 
sub-group analysis by the timing of pre-eclampsia onset, 

a notable increased risk of endometrial cancer was asso-
ciated with early-onset pre-eclampsia (OR 2.64, 95% CI 
1.29–5.38) but not late-onset pre-eclampsia (OR 0.73, 
95% CI 0.38–1.42), although the analysis only contained 
nine endometrial cancer cases in each group [19]. None 
of the included studies in this review stratified results 
according to early or late stage pre-eclampsia, limiting 
further investigation.

Sensitivity analysis in this review investigated the risk 
of any endometrial neoplasia (atypical hyperplasia, car-
cinoma in situ or cancer) by the additional inclusion of 
3,370 cases which resulted in a significant 34% increased 
risk in pooled analysis. However, only one study investi-
gated these additional outcomes. Further investigation 
of endometrial cancer precursor conditions is required 
to elucidate if pre-eclampsia may influence earlier stages 
of endometrial carcinogenesis. This is especially relevant 
given that endometrial atypical hyperplasia carries a high 
risk of progressing to endometrial cancer [39].

Potential biological mechanisms linking pre-eclamp-
sia and endometrial cancer are currently understudied. 
Elevated androgen levels are observed in women with 
pre-eclampsia [40], possibly due to insufficient enzyme 
production within the placenta to induce aromatisation 
of testosterone to estrogen as well as increased inhibin 
A levels which results in increased androgen produc-
tion [41]. Several large prospective investigations have 
found that increased circulating testosterone concentra-
tions, or genetic markers of higher testosterone levels, 
in women are linked to an increased risk of endometrial 
cancer [42, 44]. However, it is unclear if androgens are 
associated with endometrial cancer risk independently of 
their being precursors to estrogens or if other metabolic 
pathways affect risk [43]. Recently, a large prospective US 
study observed increased risks for endometrial cancer 
in women with the highest circulating levels of adrenal 
androgens and high levels of estrogens relative to these 
androgens, suggesting that androgens likely influence 

Fig. 2  Meta-analysis of studies investigating pre-eclampsia and risk of endometrial cancer
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endometrial carcinogenesis via estrogen metabolism as 
adrenal androgens can be aromatized to estrogens [44]. 
Other proposed mechanisms include immune modula-
tion underlying pre-eclampsia pathophysiology which 
may contribute to production of inflammatory cytokines 
and pro-inflammatory T cells; [45, 46] inflammatory 
markers and mediators, such as CRP, TNF α and VEGFA, 

have been positively associated with endometrial cancer 
risk, independent of obesity [47, 48].

In contrast to the main findings from this review, there 
is suggestive evidence that pre-eclampsia during preg-
nancy may be associated with a reduced risk of breast 
cancer [49, 50]. During pregnancy different factors such 
as reduced levels of estrogens and IGF-1, elevated level 
of progesterone, androgen, corticotropin-releasing fac-
tors can individually or collectively play a crucial role to 
reduce the breast cancer risk in women [50, 51]. Alterna-
tively, pre-eclampsia may carry other risks that outweigh 
any potential positive impacts of hormonal fluctuations. 
Mechanistic studies are required to further elucidate 
biological mechanisms that may underly potential asso-
ciations between pre-eclampsia and hormone-sensitive 
cancers, including endometrial cancer.

Strengths and limitations
Despite the large number of endometrial cancers cases 
included in the meta-analysis (> 11,000), only seven 
studies met the criteria for our systematic review. Most 
studies in the review identified pre-eclampsia and endo-
metrial cancer from national registers and medical 
databases which reduced potential recall bias however, 
misclassification of exposure is still possible and may 
have attenuated results. Varying definitions for pre-
eclampsia were used across the studies which may reflect 
differences in study time periods. This was notable in the 
study by Calderon-Margalit et al. [33] whereby oedema 
was included as a requirement for diagnosis, therefore 
women with pre-eclampsia who did not present with this 
particular symptom were possibly misclassified and not 
included within the final results. In addition, studies did 
not provide sufficient information to conduct sub-group 
analysis for endometrial cancer type (Type I or Type II) 
or onset of pre-eclampsia (early-onset or late-onset). It 
also wasn’t possible to stratify results based on important 
clinical factors such as maternal age, BMI and diabetes. 
The present meta-analysis included only observational 
studies. It might present challenges because of inherent 
biases and differences in study designs yet, they provide 
a tool for helping to understand and quantify sources 
of variability in results across studies. Finally, all studies 
were conducted in European or Asian populations which 
reduced the generalisability of the findings to more ethni-
cally diverse populations.

Conclusion
Overall, the findings from this systematic review and 
meta-analysis suggested no association between pre-
eclampsia and subsequent risk of endometrial can-
cer. There was some weak evidence to suggest that 
pre-eclampsia was associated with an increased risk of 
any endometrial neoplasia, but studies were limited. To 

Table 3  Sub-group and sensitivity analyses investigating pre-
eclampsia and risk of endometrial cancer
Sub-group 
analyses

No. of 
included 
studies

Pooled 
risk 
estimate
(95% CI)

I-squared P-value
(Heterogene-
ity)

Main 
analysis

7 1.07 
(0.79–1.46)

34.1% 0.17

Studies 
with a qual-
ity score ≥ 7

5 1.05(0.72–
1.54)

50.7% 0.08

Studies 
with a qual-
ity score of 
< 7

2 0.90(0.39–
2.08)

0.0% 0.99

Restricted 
to studies 
adjust-
ing for 
potential 
confound-
ing factors

4 1.01(0.61–
1.67)

58.1% 0.06

Risk of en-
dometrial 
neoplasiaa

7 1.34(1.15–
1.57)

29.6% 0.20

Summary of pooled results removing individual studies investi-
gating pre-eclampsia and risk of endometrial cancer
Excluding 
Liu et al. 
(2021)

6 1.06(0.75–
1.48)

42.9% 0.12

Excluding 
Trabert et 
al. (2020)

6 0.85(0.60–
1.21)

0% 0.92

Excluding 
Cho et al. 
(2019)

6 1.12(0.84–
1.49)

31.7% 0.19

Excluding 
Walfisch et 
al. (2015)

6 1.07(0.76–
1.50)

40.8% 0.13

Excluding 
Bhattacha-
rya et al. 
(2012)

6 1.40(1.26–
1.54)

0% 0.42

Excluding 
Calderon-
Margalit et 
al. (2009

6 1.07(0.76–
1.51)

39.1% 0.15

Excluding 
Mogren et 
al. (2001)

6 1,04(0.71–
1.52)

38.9% 0.15

a Result from Cho et al. (2019) [31] included atypical endometrial hyperplasia, 
carcinoma in situ of the endometrium or endometrial cancer
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further elucidate the relationship between pre-eclampsia 
and endometrial cancer risk, future studies are required 
and should aim to include large prospective cohorts using 
validated data to investigate pre-eclampsia onset, as well 
as endometrial cancer type and precursor conditions.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12905-023-02408-x.

Additional File Table 1: Meta-analyses Of Observational Studies in Epidemi-
ology (MOOSE) Checklist. Additional File Table 2: Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) Checklist

Acknowledgements
None.

Authors’ contributions
KAE, KH, and ÚCM designed the study. ÚCM, KH, HJ conducted the systematic 
literature search and quality assessment; KH and HJ conducted the meta-
analyses, and the results were interpreted by all authors. KH,HJ and CK drafted 
the initial manuscript, which was thoroughly reviewed by all authors for 
important intellectual content. All authors approved the final manuscript as 
submitted and agree to be accountable for all aspects of the work.

Funding
ÚCM and HJ are funded by the United Kingdom research Innovation (UKRI) 
Future Leaders Fellowship (MR/T019859/1). The funders had no role in the 
conduct of the study or the interpretation of the findings.

Data Availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Nothing to declare.

Received: 16 January 2023 / Accepted: 3 May 2023

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et 

al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and 
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021 
May;71(3):209–49.

2.	 Cancer Research UK. Uterine cancer incidence statistics. 2021.
3.	 SEER. Cancer Stat Facts. : Uterine Cancer. National Cancer Institute. 574 

Bethesda, MD. 2022.
4.	 Linkov F, Edwards R, Balk J, Yurkovetsky Z, Stadterman B, Lokshin A, et al. 

Endometrial hyperplasia, endometrial cancer and prevention: gaps in exist-
ing research of modifiable risk factors. Eur J Cancer. 2008 Aug;44(12):1632–44.

5.	 Brinton L. Epidemiology of Gynecologic cancers. 6th ed. Vol. 7. 2017. 1–23 p.
6.	 Dossus L, Allen N, Kaaks R, Bakken K, Lund E, Tjonneland A, et al. Reproductive 

risk factors and endometrial cancer: the european prospective investigation 
into Cancer and Nutrition. Int J Cancer. 2010;127(2):442–51.

7.	 Troisi R, Bjørge T, Gissler M, Grotmol T, Kitahara CM, Myrtveit Sæther SM et al. 
The role of pregnancy, perinatal factors and hormones in maternal cancer 
risk: a review of the evidence. J Intern Med. 2018 May 1;283(5):430–45.

8.	 Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. The Lancet. 2021 
Jul;398(10297):341–54.

9.	 Hutcheon JA, Lisonkova S, Joseph KS. Epidemiology of pre-eclampsia and 
the other hypertensive disorders of pregnancy. Best Pract Res Clin Obstet 
Gynaecol. 2011 Aug;25(4):391–403.

10.	 Rana S, Lemoine E, Granger JP, Karumanchi SA, Preeclampsia. Circ Res 2019 
Mar 29;124(7):1094–112.

11.	 Kim KJ, Cho CS, Kim WU. Role of placenta growth factor in cancer and inflam-
mation. Exp Mol Med. 2011;44(1):10.

12.	 Kim JS, Kang EJ, Woo OH, Park KH, Woo SU, Yang DS, et al. The relationship 
between preeclampsia, pregnancy-induced hypertension and maternal risk 
of breast cancer: a meta-analysis. Acta Oncol (Madr). 2013 Nov;16(8):1643–8.

13.	 Morice P, Leary A, Creutzberg C, Abu-Rustum N, Darai E. Endometrial cancer. 
The Lancet. 2016 Mar;387(10023):1094–108.

14.	 Wan J, Hu Z, Zeng K, Yin Y, Zhao M, Chen M, et al. The reduction in circulating 
levels of estrogen and progesterone in women with preeclampsia. Preg-
nancy Hypertens. 2018 Jan;1:11:18–25.

15.	 Chowdhury S, Ferdous J, Nahar KN, Mahmood S. Maternal serum progester-
one level in preeclampsia. Bangabandhu Sheikh Mujib Medical University 
Journal. 2020 Feb;19(1):9–12.

16.	 Ingec M, Gursoy HG, Yildiz L, Kumtepe Y, Kadanali S. Serum levels of insulin, 
IGF-1, and IGFBP-1 in pre-eclampsia and eclampsia. Int J Gynecol Obstet. 
2004;84(3):214–9.

17.	 Kumar S, Gordon GH, Abbott DH, Mishra JS. Androgens in maternal vascular 
and placental function: implications for preeclampsia pathogenesis. Volume 
156. Reproduction. BioScientifica Ltd.; 2018. pp. R155–67.

18.	 Gibson DA, Simitsidellis I, Collins F, Saunders PTK. Evidence of androgen 
action in endometrial and ovarian cancers. Endocrine-Related Cancer. Vol-
ume 21. BioScientifica Ltd.; 2014.

19.	 Hallum S, Pinborg A, Kamper-Jørgensen M. Long-term impact of pre-
eclampsia on maternal endometrial cancer risk. Br J Cancer. 2016 Mar 
1;114(7):809–12.

20.	 Trabert B, Troisi R, Grotmol T, Ekbom A, Engeland A, Gissler M, et al. Associa-
tions of pregnancy-related factors and birth characteristics with risk of endo-
metrial cancer: a nordic population-based case–control study. Int J Cancer. 
2020 Mar;15(6):1523–31.

21.	 Moher DLATJ et al. Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. BMJ. 2009 Jul 21;339(b2535).

22.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021 Mar 29;n71.

23.	 McMenamin U, Herink K. Pre-eclampsia during pregnancy and the risk of 
endometrial cancer: a systematic review and meta-analysis. PROSPERO 
Available from: https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42020213459

24.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D et al. Meta-
analysis of Observational Studies in Epidemiology A Proposal for Reporting. 
JAMA 2008 Ap 283(15).

25.	 Healthcare Improvement Scotland. Scottish Collegiate Guidelines Network. 
Accessed 31 March 2022.

26.	 GA Wells BSDOJPVWMLPT. The Newcastle-Ottawa Scale (NOS) for assessing 
the quality of nonrandomised studies in meta-analyses. Accessed 29 March 
2022.

27.	 Symons MJ, Moore DT. Hazard rate ratio and prospective epidemiological 
studies. J Clin Epidemiol. 2002 Sep;55(9):893–9.

28.	 Ranganathan P, Aggarwal R, Pramesh C. Common pitfalls in statistical analy-
sis: Odds versus risk. Perspect Clin Res. 2015;6(4):222.

29.	 Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002 Jun;15(11):1539–58.

30.	 Walfisch A, Kessous R, Davidson E, Sergienko R, Sheiner E. Pre-eclampsia and 
future female malignancy. Hypertens Pregnancy. 2015 Oct 2;34(4):456–63.

31.	 Bhattacharya S, Prescott GJ, Iversen L, Campbell DM, Smith WCS, Hannaford 
PC. Hypertensive disorders of pregnancy and future health and mortality: a 
record linkage study. Pregnancy Hypertens. 2012 Jan;2(1):1–7.

32.	 Mogren I, Stenlund H, Högberg U. Long-term impact of reproductive factors 
on the risk of cervical, endometrial, ovarian and breast cancer. Acta Oncol 
(Madr). 2001;40(7):849–54.

http://dx.doi.org/10.1186/s12905-023-02408-x
http://dx.doi.org/10.1186/s12905-023-02408-x
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020213459
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020213459


Page 10 of 10Jordao et al. BMC Women's Health          (2023) 23:259 

33.	 Calderon-Margalit R, Friedlander Y, Yanetz R, Deutsch L, Perrin MC, Kleinhaus 
K, et al. Preeclampsia and subsequent risk of cancer: update from the Jerusa-
lem Perinatal Study. Am J Obstet Gynecol. 2009;200(1):63.e1-63.e5

34.	 Cho HW, Ouh YT, Lee KM, Han SW, Lee JK, Cho GJ et al. Long-term effect of 
pregnancy-related factors on the development of endometrial neoplasia: A 
nationwide retrospective cohort study. PLoS One. 2019 Mar 1;14(3).

35.	 Liu Y, Chen X, Sheng J, Sun X, Chen GQ, Zhao M et al. Complications of 
Pregnancy and the Risk of Developing Endometrial or Ovarian Cancer: A 
Case-Control Study. Front Endocrinol (Lausanne). 2021 Apr 30;12.

36.	 Bokhman J. Two pathogenetic types of endometrial carcinoma. Gynecol 
Oncol 1983 Feb;15(1):10–7.

37.	 Suarez AA, Felix AS, Cohn DE. Bokhman Redux: endometrial cancer “types” in 
the 21st century. Gynecol Oncol. 2017 Feb;144(2):243–9.

38.	 World Cancer Research Fund International. World Cancer Research Fund. Diet, 
nutrition, physical activity and endometrial cancer. third. Vol. 1. 2018. 17–20.

39.	 Doherty MT, Sanni OB, Coleman HG, Cardwell CR, Glenn McCluggage W, 
Quinn D, et al. Concurrent and future risk of endometrial cancer in women 
with endometrial hyperplasia: a systematic review and meta-analysis. Volume 
15. PLoS ONE. Public Library of Science;; 2020.

40.	 Acromite MT, Mantzoros CS, Leach RE, Hurwitz J, Dorey LG. Androgens in 
preeclampsia. 1999.

41.	 Hähnel MEMJMC, et al. Metabolism of androstenedione by placental micro-
somes in pregnancy hypertension. Clin Chim Acta. 1989;181:103–8.

42.	 Allen NE, Key TJ, Dossus L, Rinaldi S, Cust A, Lukanova A, et al. Endogenous 
sex hormones and endometrial cancer risk in women in the european pro-
spective investigation into Cancer and Nutrition (EPIC). Endocr Relat Cancer. 
2008 Jun;15(2):485–97.

43.	 Baptiste CG, Battista MC, Trottier A, Baillargeon JP. Insulin and hyperandrogen-
ism in women with polycystic ovary syndrome. Vol. 122, Journal of Steroid 
Biochemistry and Molecular Biology. 2010. p. 42–52.

44.	 Michels KA, Brinton LA, Wentzensen N, Pan K, Chen C, Anderson GL et al. 
Postmenopausal Androgen Metabolism and Endometrial Cancer Risk in the 

Women’s Health Initiative Observational Study. JNCI Cancer Spectr. 2019 Sep 
1;3(3).

45.	 Cornelius DC, Preeclampsia. From inflammation to immunoregulation. Clin 
Med Insights Blood Disord. 2018 Jan 1;11.

46.	 Wang T, Rohan TE, Gunter MJ, Xue X, Wactawski-Wende J, Rajpathak SN, et 
al. A prospective study of inflammation markers and endometrial cancer risk 
in postmenopausal hormone nonusers. Cancer Epidemiol Biomarkers Prev. 
2011 May;20(5):971–7.

47.	 Trabert B, Eldridge RC, Pfeiffer RM, Shiels MS, Kemp TJ, Guillemette C et al. 
Prediagnostic circulating inflammation markers and endometrial cancer risk 
in the prostate, lung, colorectal and ovarian cancer (PLCO) screening trial. Int 
J Cancer. 2017 Feb 1;140(3):600–10.

48.	 Dossus L, Becker S, Rinaldi S, Lukanova A, Tjønneland A, Olsen A, et al. Tumor 
necrosis factor (TNF)-α, soluble TNF receptors and endometrial cancer risk: 
the EPIC study. Int J Cancer. 2011 Oct;15(8):2032–7.

49.	 Serrand C, Mura T, Fabbro-Peray P, Seni G, Mousty È, Boudemaghe T et al. 
Assessment of All-Cause Cancer Incidence Among Individuals With Pre-
eclampsia or Eclampsia During First Pregnancy. JAMA Netw Open. 2021 Jun 
23;4(6):e2114486.

50.	 Wang F, Zhang W, Cheng W, Huo N, Zhang S. Preeclampsia and cancer risk in 
women in later life: a systematic review and meta-analysis of cohort studies. 
Menopause. 2021 Sep;28(9):1070–8.

51.	 Lanari C, Molinolo AA. Progesterone receptors - animal models and cell 
signaling in breast cancer Diverse activation pathways for the progesterone 
receptor - possible implications for breast biology and cancer. Breast Cancer 
Research. 2002 Dec 1;4(6):240.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Pre-eclampsia during pregnancy and risk of endometrial cancer: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Data extraction
	﻿Statistical analysis

	﻿Results
	﻿Study characteristics
	﻿Pre-eclampsia and risk of endometrial cancer

	﻿Discussion
	﻿Main findings
	﻿Interpretation
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


