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Women with preeclampsia may have reduced risk of breast cancer:
a meta-analysis of cohort studies with 7.8 million participants

Min Yao, Lijie Chen, Puchao Peng, and Zhiwei Zhong

Department of Breast Surgery, Huzhou Maternity & Child Health Care Hospital, Huzhou, China

ABSTRACT

This review pooled data from the literature to examine the association between preeclampsia (PE)
and subsequent risk of breast cancer in women. Cohort studies published in the databases of
PubMed, Embase, Scopus, and Web of Science up to 18 July 2023 were searched. Adjusted data
were pooled to obtain the risk ratio (RR). Eleven studies with 15 cohorts and a cumulative sample
size of 7,838,693 women were included. Meta-analysis of all studies demonstrated a reduced risk
of breast cancer in women with PE as compared to those without PE (RR: 0.89 95% ClI: 0.83, 0.95
p < 0.001 I>=50%). Follow-up ranged from 8 to 29.2 years. Results did not change during sensi-
tivity analysis. Outcomes varied on subgroup analysis based on location, study type, data extrac-
tion method, incidence of breast cancer, and follow-up. To conclude, women with PE may have a
reduced risk of breast cancer later in life. However, the risk reduction is minimal and may not have
much clinical significance. The evidence is also limited by high inter-study heterogeneity and lack
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of adjustment of all possible confounders.

Introduction

Preeclampsia (PE) is a pregnancy-related multisystem
syndrome seen in about 3-5% of all pregnancies (1). It
acts as a precursor to eclampsia and is characterized by
hypertension and proteinuria occurring after 20 weeks
of gestation (1). The disorder is often associated with a
spectrum of complications which include placental
abruption, eclampsia, stroke, renal failure, fetal death,
and preterm delivery (2). While the pathophysiology of
PE is unclear, its features are thought to originate from
microangiopathy in various target organs. Reduced pla-
cental perfusion causes a release of anti-angiogenic
factors in the circulatory system causing alteration of
maternal systemic endothelial function (3). This is
hypothesized that altered endothelial function also
leads to an increased risk of hypertension and other
cardiovascular disorders later in life (4).

In addition to cardiovascular disorders, PE has also
been associated with a risk of future malignancies
(5-8). Specifically, the risk of estrogen-dependent
breast cancer amongst PE women has been investigated
by several studies. It has been suggested that PE leads to
alteration of hormonal levels and hence could affect
breast cancer risk and even other gynecological malig-

nancies (9). Calderon-Margalit et al. (2009) have shown
that women diagnosed with PE have a 37% increased
risk of breast cancer and a two-fold risk of ovarian
cancer (5). Another study by Walfisch et al. (2015)
has reported that PE does not influence the risk of
breast cancer or genital tract malignancies (6).
Contrastingly, recent studies have shown that PE may
reduce the risk of breast cancer in the future (7,8).

Such discordant results amongst studies could be due
to several reasons like variation in included participants,
methods of identification of PE, adjusted confounders,
variable follow-up, etc. In order to generate high-quality
evidence, there is a need for a pooled analysis of long-term
cohort studies reporting adjusted values of the association
between PE and breast cancer. Previously, Sun et al.
(2018) published their meta-analysis wherein they
reported no association between PE and breast cancer
(10). However, their analysis could include just eight
cohorts. With the publication of new evidence, there is a
need for an updated review. Hence, the aim of the current
study was to systematically examine published literature
and conduct a pooled analysis to assess if PE influences
the risk of future premenopausal or postmenopausal
breast cancer in women.
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Material and methods
Inclusion criteria

Protocol registration was done on PROSPERO and the
review was allotted the number CRD42023442552. For
inclusion in the review studies were to: 1. Be cohort in
design (either retrospective or prospective) 2. Report
the association between PE and subsequent risk of
breast cancer. 3. Report the association using adjusted
effect size. 4. Be published in the English language.
There was no limitation on parity, sample size, and
duration of follow-up.

Studies reporting cancer risk but not reporting spe-
cifically on breast cancer were excluded. Case-control
studies, cross-sectional studies, duplicate studies, and
those not reporting adjusted outcomes were also not
eligible. In case articles reported overlapping data, the
study with the maximum number of participants was
eligible.

Search source and strategy

Studies for the review were identified by a literature
search conducted on PubMed, Embase, Scopus, and
Web of Science. Two reviewers were involved and the
search included all articles available online from incep-
tion to 18 July 2023. To include gray literature, a
separate search was conducted on Google Scholar.
Also, the bibliography of the final included studies
were hand-searched for any missed articles.

Keywords used were “pregnancy,” “complications,”
“pregnancy hypertension,” “gestational hypertension,”
“preeclampsia,” “eclampsia,” “breast,” AND “breast
cancer.” Different search queries were formulated
using “AND” and “OR” (Supplementary Table S1).
These were also replicated across the different
databases.

Two investigators separately examined the titles and
abstracts of searched studies after electronic deduplica-
tion. Studies relevant to the review were identified
while non-relevant articles were excluded. Selected stu-
dies underwent full-text analysis against the inclusion
criteria. All discords between reviewers were solved by
discussion.

Extracted data and risk of bias analysis

Two reviewers independently extracted relevant infor-
mation from the studies which included: the name of
the first author, publication year, region and database
of the study, sample size, number of PE and breast
cancer patients, identification of PE and breast cancer,

parity of included women, pre- or post-menopausal
breast cancer, adjusted covariates, follow-up, and effect
size. Study details were then cross-matched and any
discrepancies were resolved in discussion with the
third author.

Two reviewers assessed the methodological quality
of the observational studies by the Newcastle Ottawa
Scale (NOS) (11). Points were awarded for representa-
tiveness of the study cohort, comparability of groups,
and measurement of outcomes.

Statistical analysis

PRIMA reporting guidelines were followed (12). The
meta-analysis was done on “Review Manager”
(RevMan, version 5.3). Effect size data were extracted
and entered into the software to derive pooled risk ratio
(RR) with 95% confidence intervals (CI) of the associa-
tion. Results were presented in the form of a forest plot.
A random-effects model was preferred owing to meth-
odological differences among the studies. Outliners
were assessed using a sensitivity analysis involving the
removal of one study at a time. Data was then pre-
sented in tabular format. Subgroup analysis was done
based on the location of the study, study type, data
extraction method, incidence of breast cancer, and fol-
low-up. Publication bias was checked with funnel plots.
The chi-square-based Q statistics and I* statistic was
used for inter-study heterogeneity. A p-value of <0.10
for Q statistic and I* >50% meant substantial
heterogeneity.

Results

The entire literature search revealed 7850 articles
(Figure 1). After the removal of duplicates, 3328 studies
remained. These underwent screening by the study
investigators and 27 were chosen for complete text
analysis. Based on the eligibility criteria, 11 were
selected for inclusion (5-8,13-19).

The extracted data from the studies are presented in
Table 1. Publication dates ranged from 2001 to 2023.
Majority were Western studies conducted in popula-
tions of the USA, the UK, Sweden, Norway, Denmark,
France, and Israel. The 11 studies included a total of 15
cohorts with a cumulative sample size of 7,838,693
women. Four studies were prospective while the rest
were retrospective. The percentage of PE varied from
1.1% to 8.3% while the proportion of breast cancer
cases ranged from 0.001% to 5.4%. The studies used
medical records/international classification of disease
codes or questionnaires to identify PE and breast can-
cer patients in the cohorts. Three studies included only
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Figure 1. Study flow chart.

primiparous females. Most studies did not report
whether they focused only on pre- or postmenopausal
breast cancer. The study of Nichols et al. (7) assessed
only premenopausal breast cancer while the study of
Ma et al. (15) examined the risk of only postmenopau-
sal breast cancer. Three studies reported risk of both
pre and postmenopausal breast cancer. The adjusted
confounders differed across studies while the follow-
up ranged from 8 to 29.2 years. Based on the NOS scale
the studies were given a score of 7 to 9.

PE, preeclampsia; NR, not reported; NOS, Newcastle
Ottawa scale; P, prospective; R, retrospective; ICD,
international classification of diseases

Meta-analysis of all studies with 15 cohorts demon-
strated a reduced risk of breast cancer in women with
PE as compared to those without PE (RR: 0.89 95% CI:
0.83, 0.95 p<0.001 I =50%) (Figure 2). We did not
note any publication bias on the funnel plot (Figure 3).
The results were consistent with the sequential
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exclusion of individual studies. The sensitivity analysis
did not find any change in the significance of the
results (Table 2).

The results of the subgroup analysis are shown in
Table 3. Based on location, the results showed a
reduced risk of breast cancer with PE in European
studies but not in studies from the USA or Israel. For
retrospective studies, the results demonstrated a ten-
dency of reduced risk of breast cancer but the upper
end of the 95% CI was 1. The results also turned non-
significant for studies including only primiparous
women, with breast cancer incidence of >2% and fol-
low-up 220 years.

Discussion

The association between PE and the risk of cancer is
indeed intriguing and has been a subject of prior meta-
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Cohn 2001 -0.6349 0.717 0.2% 0.53[0.13, 2.16] 2001 I
Mogren 2001 0.0862 0.115  6.6%  1.09[0.87,1.37] 2001 -
Calderon-Margalit 2009 0.3148 0.1309  5.5%  1.37[1.06, 1.77] 2009 —
Ma 2010 -0.0202 0.1503  4.4%  0.98[0.73,1.32] 2010 -+
Bhattacharya 2012 -0.2231 0.1383  5.0%  0.80[0.61,1.05] 2012 —
Opdahl 2012 -0.1508 0.0433 16.5% 0.86 [0.79, 0.94] 2012 =
Pacheco 2015 -0.2107 0.0672 12.2% 0.81[0.71, 0.92] 2015 -
Walfisch 2015 -0.1054 0.1582  4.1%  0.90[0.66, 1.23] 2015 —
Yang 2018' -0.1054 0.0292 19.1%  0.90[0.85,0.95] 2018 "
Yang 2018 -0.2877 0.1054 7.4% 0.75[0.61, 0.92] 2018 -
Serrand 2021 -0.2357 0.1236  6.0%  0.79[0.62, 1.01] 2021 —
Nichols 2023 -0.1508 0.0631 12.9% 0.86 [0.76, 0.97] 2023 -
Total (95% CI) 100.0% 0.89 [0.83, 0.95] 4
Heterogeneity: Tau? = 0.01; Chi® = 21.95, df = 11 (P = 0.02); I = 50% bo1 Pl % 100
Test for overall effect: Z = 3.41 (P = 0.0006) Favours [Preeclampsia] Favours [Control]
Figure 2. Meta-analysis of association between PE and subsequent risk of breast cancer.
o SE(0g[RRY) g
R0
0.2+ SN
0.4+
0.6+ / \
;o
0.8+
. i 3 v RR
0.01 0.1 1 10 100
Figure 3. Funnel plot to assess publication bias.
Table 2. Details of sensitivity analysis.
Excluded study Risk ratio (95% confidence intervals) P value
Cohn 2001 (14) 0.89 [0.83, 0.95] <.001
Mogren 2001 (13) 0.87 [0.82, 0.93] <.001
Calderon-Margalit 2009 (5) 0.87 [0.84, 0.91] <.001
Ma 2010 (15) 0.88 [0.82, 0.95] <.001
Bhattacharya 2012 (16) 0.89 [0.83, 0.96] .002
Opdahl 2012 (17) 0.89 [0.82, 0.97] .009
Pacheco 2015 (18) 0.90 [0.83, 0.97] .005
Walfisch 2015 (6) 0.89 [0.82, 0.95] .001
Yang 2018’ (8) 0.89 [0.81, 0.97] .008
Yang 2018 (8) 0.90 [0.84, 0.96] .003
Serrand 2021 (19) 0.89 [0.83, 0.96] .002
Nichols 2023 (7) 0.89 [0.82, 0.97] .005

analyses. Wang et al. (20) in the pooled analysis have
shown that PE results in an 82% increased risk of
ovarian cancer but has no impact on the risk of uterine
cancers. Jardao et al. (21) in a recent meta-analysis of
seven studies have shown no influence of PE on the
subsequent risk of endometrial cancer. Sun et al. (10)
combined data from eight cohorts to demonstrate no
association between PE and subsequent risk of breast
cancer (RR: 0.93 95% CI: 0.82, 1.06 I? =61%). In this

study, we conducted an updated literature search to
include three more studies with seven cohorts to sub-
stantially increase the statistical power of the analysis as
compared to the previous review (10). But by pooling
data from 11 studies with 15 cohorts including around
7.8 million women, this meta-analysis noted a statisti-
cally significant 11% reduced risk of breast cancer
amongst women with a history of preeclampsia. The
robustness of the results was validated during the
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Table 3. Subgroup analyses.

Variable Groups Studies Risk ratio (95% confidence intervals)
Location USA 2 0.95 [0.72, 1.27]
Europe 6 0.86 [0.81, 0.92]
Israel 2 1.12 [0.74, 1.69]
Study type Prospective 4 0.87 [0.81, 0.93]
Retrospective 7 0.90 [0.81, 1.00]
Parity Primaparous 3 0.89 [0.72, 1.10]
Any 8 0.88 [0.82, 0.95]
Data extraction Patient reported 3* 0.84 [0.75, 0.95]
Medical records/ICD codes 9* 0.90 [0.83, 0.98]
Incidence of breast cancer >2% 6 0.95 [0.82, 1.09]
<2% 5 0.85 [0.80, 0.90]
Follow-up <20 years 5 0.83 [0.77, 0.90]
220 years 5 0.92 [0.82, 1.03]

ICD, international classification of diseases.
*no of cohorts.

sensitivity analysis wherein the risk remained signifi-
cantly reduced on the exclusion of any included study.

Importantly, there could be several confounders that
could influence the risk of breast cancer in women with
PE. To partly overcome such limitations, only studies
reporting adjusted data were included in the meta-
analysis. Nevertheless, there was much variation in the
confounders adjusted and this could have been an
important source of the substantial inter-study hetero-
geneity noted in the review. Furthermore, variations in
the study populations, location, data extraction method,
and follow-up could have contributed to the heteroge-
neity. To examine the effect of such variations, multiple
subgroup analyses were conducted and the results
turned non-significant for studies based in the USA
and Israel, those including only primiparous women,
with breast cancer incidence of 22% and follow-up 220
years. This could possibly be due to the minimal risk
reduction of just 11% noted in the meta-analysis with
the 95% CI ranging from 5% to 17%. Such minimal
protective effect dissipated in multiple subgroup ana-
lyses owing to a limited number of studies.

The pathophysiological mechanism behind the
reduced risk of breast cancer with PE is not very
clear, however, several mechanisms have been pro-
posed. PE has been associated with an elevated inflam-
matory response involving T-helper cell (Thl)-like
inflammatory reaction at the cost of Th2 response
(22). Also, placental hypoxia possibly due to the inflam-
matory reaction leads to excessive production of vas-
cular endothelial growth factor (VEGF) inhibitors like
soluble vascular endothelial growth factor receptor-1
(sFlt1) which deactivates VEGF causing the advent of
PE (23,24). There is subsequent underdevelopment of
vascularity of the placenta which releases antiangio-
genic factors in the maternal circulation (3). Placental
hypoxia is also associated with oxidative stress and

trophoblast immaturity (25,26). Research shows that a
positive association exists between second- to third-
trimester blood pressure increase and circulating levels
of antiangiogenic factors in the mother (27).
Importantly, Thl-like inflammatory reaction and anti-
angiogenic mechanisms are shown to improve prog-
nosis in breast cancer. Kristensen et al. (28) have
demonstrated that breast cancer cases acquiring a
gene signature that supports a Thl-based immune
response compared to a Th2-driven humoral response
have a better prognosis. Angiogenic factors like VEGF
and placental growth factor have been found in
increased quantities in cancerous tissue and are asso-
ciated with poor shorter recurrence-free survival and
increased mortality in breast cancer patients (29,30).
This has prompted the use of anti-angiogenic therapies
like bevacizumab for the treatment of breast cancer
(31). The antiangiogenic profile seen with PE declines
rapidly after pregnancy (32), however, there may be
persistent differences that could contribute to the
lower risk of breast cancer with PE in the long term.
Another possible explanation is the reduced mammo-
graphic density noted in women with preeclampsia.
Yang et al. (8) have shown that PE patients and their
sisters have reduced mammographic density which is
widely considered an immediate phenotype for breast
cancer. Genetic factors shared between preeclampsia
and breast development could therefore alter the risk
of breast cancer.

Studies have reported that the association between
PE and breast cancer could be confounded by preterm
birth. Nichols et al. (7) have shown that reduce risk of
breast cancer is noted only amongst women with
hypertensive disorders delivering at term but not
amongst those with preterm deliveries. Opdahl et al.
(17) have also shown that pregnancy duration is inver-
sely associated with breast cancer risk in women with



PE with longer duration reducing the chances of breast
cancer. It has been postulated that early presentation of
PE is associated with a stronger antiangiogenic profile
as compared to late-onset PE which could be due to
metabolic diseases like obesity and hence with reduced
protective effect (7).

The strength of the review includes the updated
literature search and inclusion of new large sample
size studies thereby presenting the most updated and
comprehensive evidence on the subject. Only cohort
studies were included and case-control and cross-sec-
tional studies were excluded to gather the best possible
evidence. Multiple subgroup analyses and sensitivity
analyses were carried out to examine the results. Our
findings must be interpreted with the following limita-
tions. Despite limiting the meta-analysis to only long-
itudinal cohort studies, the current review at best
presents a possibility of reduced risk of breast cancer
with PE and does not demonstrate a causative relation-
ship. The inherent bias in observational studies like
errors in data collection, record-keeping, and loss of
follow-up could have affected the results. Also, we
could not differentiate between the risk of pre- and
post-menopausal breast cancer due to paucity of data.
Secondly, the scarcity of data on confounders in differ-
ent cohorts meant that not all variables could be
adjusted. Several known and unknown confounders
missed in the analysis could have potentially skewed
the outcomes. For example, only one study (19)
adjusted for preexisting hypertension in the analysis.
Hypertension has been demonstrated as an important
risk factor for breast cancer especially in postmenopau-
sal women (33). Also, a recent study has shown that the
molecule G protein coupled receptor kinase 4, a risk
factor for hypertension, is present in breast cancer cells
but not in normal breast cells (34). Lack of inclusion of
such important confounders is a significant drawback
of the review. Thirdly, a few studies recorded PE using
questionnaires which could be influenced by recall bias.
Lastly, data were available from only limited Western
studies and may not be representative of the global
population.

Conclusions

Women with PE may have a reduced risk of breast
cancer later in life. However, the risk reduction is
minimal and may not have much clinical significance.
The evidence is also limited by high inter-study hetero-
geneity and lack of adjustment of all possible
confounders.
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e Current meta-analysis pooled data from 11 studies
with 7.8 million participants.

e Women with preeclampsia had 11% reduced risk
of breast cancer.

¢ Risk reduction was minimal and may not have
much clinical significance.
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