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Abstract

IMPORTANCE Preeclampsia or eclampsia (preeclampsia/eclampsia) during pregnancy induces
major physiological changes and may be associated with specific cancer occurrences in later life. The
current data regarding the association between preeclampsia/eclampsia and cancer are
heterogeneous, and cancer risk after preeclampsia/eclampsia could be different depending on the
organ. These uncertainties warrant reexamination of the association between preeclampsia/
eclampsia and the risk of cancer overall and by specific cancer type.

OBJECTIVE To evaluate the risk of cancer, overall and by type, after preeclampsia/eclampsia during
a first pregnancy.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used data from the French
hospital discharge database to identify all female individuals who had a pregnancy-associated
hospitalization between January 1, 2010, and December 31, 2019. To allow a minimum of 2 years for
the detection of medical history, individuals with a first detected pregnancy before January 1, 2012,
were excluded, as were those with a cancer-associated hospitalization before or during their first
detected pregnancy. Exposures, comorbidities, and occurrences of cancer were evaluated using data
from the medico-administrative registers of hospitalizations in private and public French hospitals.
Cox proportional hazards models were used to analyze cancer risk according to the occurrence of
preeclampsia/eclampsia during first pregnancy.

EXPOSURES Preeclampsia/eclampsia-associated hospitalization during the first detected
pregnancy.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of cancer, including
myelodysplastic or myeloproliferative diseases, after a first pregnancy with and without
preeclampsia/eclampsia.

RESULTS After exclusions, a total of 4 322 970 female individuals (mean [SD] age at first detected
pregnancy, 29.6 [6.2] years) with and without preeclampsia/eclampsia during their first pregnancy
were included. Of those, 45 523 individuals (1.1%) were diagnosed with preeclampsia/eclampsia
during their first detected pregnancy. The maximum follow-up was 8 years, during which 29 173
individuals (0.7%) were diagnosed with cancer. No significant difference in overall cancer incidence
was found between those with and without preeclampsia/eclampsia during their first pregnancy
(adjusted hazard ratio [AHR], 0.94; 95% CI, 0.84-1.05). Preeclampsia/eclampsia was associated with
an increase in the risk of myelodysplastic syndromes or myeloproliferative diseases (AHR, 2.43; 95%
CI, 1.46-4.06) and kidney cancer (AHR, 2.19; 95% CI, 1.09-4.42) and a decrease in the risk of breast
cancer (AHR, 0.79; 95% CI, 0.62-0.99) and cervical cancer (AHR, 0.75; 95% CI, 0.58-0.96).

(continued)

Key Points
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this study, a history of preeclampsia/eclampsia during first
pregnancy was associated with an increase in the incidence of myelodysplastic or myeloproliferative
diseases and kidney cancer and a decrease in the incidence of cervical and breast cancers. These
associations might reflect an underlying common factor among preeclampsia/eclampsia and these
pathologies and/or an association between preeclampsia/eclampsia and the development of
these cancers.

JAMA Network Open. 2021;4(6):e2114486. doi:10.1001/jamanetworkopen.2021.14486

Introduction

Preeclampsia, the prodromal syndrome of eclampsia, is a multisystem syndrome that is diagnosed in
2% to 5% of pregnancies.1 It is defined by the presence of pregnancy-induced hypertension and
proteinuria that appear after 20 weeks of amenorrhea. Preeclampsia or eclampsia
(preeclampsia/eclampsia) is the most common syndrome within a spectrum of late pregnancy
complications (referred to as placenta-mediated complications or placental syndromes) that includes
fetal growth restriction, abruptio placenta, late pregnancy loss or intrauterine fetal death, and
premature delivery associated with disordered placentation.2-5

The physiological demands of pregnancy have been viewed as a maternal stress test that can
estimate health in later life.6 An increased death rate among those with a history of hypertension
during pregnancy has been reported.7 A systematic review and meta-analysis reported an increased
risk of vascular disease among those with preeclampsia/eclampsia but no increased risk of cancer in
later life.8 One possible explanation for this finding is that the risk of each type of cancer was not
analyzed.

Several factors suggest that there may be a change in the risk of some types of cancer after
preeclampsia/eclampsia. First, preeclampsia/eclampsia induces hormonal surges and disorders that
alter hormonal levels during pregnancy, which might be associated with the subsequent risk of
hormone-dependent cancers.9 Second, a prevailing feature of preeclampsia/eclampsia is
antiangiogenesis,3 which is essential to restricting tumor growth10; thus, preeclampsia/eclampsia
may be associated with a reduction in the risk of solid tumors in later life. Consistent with this
hypothesis, a reduced risk of breast cancer among female individuals with a history of preeclampsia/
eclampsia has been described,9 particularly among those who are premenopausal and those who
have breast cancer associated with the ERB-B2 receptor tyrosine kinase 2 (ERBB2; formerly human
epidermal growth factor receptor 2 [HER2]) gene.11-13 Another study reported an increased risk of
endometrial cancer.14 The conclusions concerning the existence and direction of a possible
association between preeclampsia/eclampsia and cancer are therefore heterogeneous, and cancer
risk after preeclampsia/eclampsia could be different depending on the organ.15-18 These uncertainties
warrant reexamination of the association between preeclampsia/eclampsia and the short- to
medium-term risk of a cancer diagnosis overall and by specific cancer type.

Methods

Study Design and Data Source
This retrospective cohort study used data from the French hospital discharge database to identify all
female individuals with a recorded pregnancy between January 1, 2010, and December 31, 2019. This
database records all inpatient hospital stays in private and public hospitals in a standardized data
set.19 In France, more than 99% of deliveries occur in maternity hospitals and are therefore
recorded.20 This study used hospitalization data that are available to all teaching hospitals for
research purposes. The French hospital discharge database is limited to medico-administrative
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information and can be used to assess the health status of populations without the need for
institutional review board approval in France with the condition that researchers respect a set of
ethical rules regarding data handling. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.

The available data included age, sex, hospital admission and discharge dates, diagnostic codes
(according to the International Classification of Diseases, Tenth Revision [ICD-10]) associated with
hospitalizations, insurance coverage (state-issued or private), and deaths that occurred during
hospitalization. In accordance with French legislation, we were able to access data for a 10-year
period between January 1, 2010, and December 31, 2019. To allow a minimum of 2 years for the
detection of medical history, we excluded individuals who had a first pregnancy-associated
hospitalization detected before January 1, 2012.

All patient records were screened to detect linkage anomalies between hospitalizations.
Patients with unclear information regarding age, sex, or death between hospitalizations were
excluded.

Pregnancy With and Without Placental Syndromes
All female individuals aged 12 to 55 years who had their first pregnancy-associated hospitalization
registered between January 1, 2012, and December 31, 2019 were included. Pregnancy-associated
hospitalizations were detected through ICD-10 codes O, Z321, Z33, Z34, Z35, Z36, Z37, and Z39. If
several pregnancy-associated hospitalizations were detected, the first hospitalization was used as
the reference. To account for temporality between detected hospitalization and pregnancy
complications among multiple potential hospitalizations, diagnoses that occurred up to 9 months
after the reference date were considered part of the same first pregnancy.

We defined the group of female patients with placental syndrome according to the diagnostic
codes for eclampsia (ICD-10 code O15) or preeclampsia (ICD-10 codes O11 and O14) associated with
the first detected pregnancy. To explore the potential associations of exposure group definitions in
sensitivity analyses, we also identified diagnostic codes for abruptio placenta (ICD-10 code O45),
fetal growth restriction (ICD-10 code O36.5), and intrauterine fetal death (ICD-10 codes O021 and
O36.4) that occurred during the first detected pregnancy.

The control group comprised female individuals who had a pregnancy-associated
hospitalization without a diagnosis of preeclampsia or eclampsia during their first detected
pregnancy. All individuals with a history of cancer detected before the pregnancy of interest or within
9 months after the first detected pregnancy were excluded.

Occurrence of Cancer
New occurrences of cancer and cancer-associated blood diseases diagnosed after the first detected
pregnancy were recorded. The ICD-10 codes used for the search are listed in the eTable in the
Supplement. Some disease codes, such as the types and localizations of hematologic cancer (ie,
lymphomas or leukemias), were combined. In the case of multiple detected cancers, all cancers were
analyzed with the time to event being the earliest detected cancer.

Other Covariates
Comorbidities were identified before or during the first detected date of pregnancy through the
primary or associated diagnosis at hospitalization using the following diagnostic codes: stroke (ICD-10
code I6), ischemic heart disease (ICD-10 codes I20, I21, I22, I23, I24, and I25), thromboembolic
disease (ICD-10 codes I80, I81, I82, and I74), kidney failure (ICD-10 codes N18 and N19), obesity
(ICD-10 code E66), dyslipidemia (ICD-10 code E78), high blood pressure (ICD-10 codes I10, I11, I12, I13,
and I15), chronic liver disease (ICD-10 code K7), chronic obstructive pulmonary disease or asthma
(ICD-10 codes J41, J42, J43, J44, J45, and J46), and diabetes (ICD-10 codes E10, E11, E12, E13,
and E14).

JAMA Network Open | Obstetrics and Gynecology Cancer Incidence Among Individuals With Preeclampsia During First Pregnancy

JAMA Network Open. 2021;4(6):e2114486. doi:10.1001/jamanetworkopen.2021.14486 (Reprinted) June 23, 2021 3/11

Downloaded From: https://jamanetwork.com/ Univ of Toulouse 3 by Jean-Christophe GRIS on 06/22/2022

https://www.equator-network.org/reporting-guidelines/strobe/
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.14486&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.14486


In France, most health care–associated costs are paid by state insurance; however, most people
purchase supplemental private insurance because some expenses are not covered. For people with
low household income, state-issued supplementary insurance exists, and we used that information
as a proxy for socioeconomic status.21

Statistical Analysis
Baseline participant characteristics by exposure group were described. Categorical variables were
calculated as frequencies and proportions, quantitative variables were reported as means and SDs,
and the incidences and 95% CIs of different cancer types and myelodysplastic or myeloproliferative
diseases were calculated for each exposure group.

A survival analysis using a Cox proportional hazards model was performed to compare cancer
incidence between exposure groups, with time on study used as the measurement interval. The
proportional hazards assumption was verified using Schoenfeld residuals. Follow-up time was
calculated as the interval between the date of the first detected pregnancy and the date of the first
detected cancer-associated hospitalization or December 31, 2019, whichever occurred first. To
account for competitive risks, follow-up of participants who died without cancer before December
31, 2019, was censored at the date of death.20 Two models were tested. The first model was adjusted
for age, socioeconomic status, and year of first detected pregnancy. The second model was adjusted
for age, socioeconomic status, year of first detected pregnancy, and several comorbidities (obesity,
high blood pressure, history of diabetes, dyslipidemia, history of kidney or liver failure, chronic
obstructive pulmonary disease or asthma, and history of a cardiovascular event, including stroke,
myocardial infarction, or thromboembolism). Age was fitted as a continuous variable after reviewing
for linearity, and year of first detected pregnancy was fitted as a categorical variable, with each year
designated as a category. Comorbidities and socioeconomic status were fitted as dichotomous
variables. Hazard ratios (HRs) of the exposure group were presented with their 95% CIs.

To test possible bias and robustness of results, we performed sensitivity analyses in which the
exposure group definition of placenta-mediated disease was successively extended to participants
with other potential placenta-mediated complications, such as abruptio placenta (ICD-10 code O45),
intrauterine growth restriction (ICD-10 code O36.5), and intrauterine fetal death (ICD-10 code O021
or O36.4). Statistical analyses were performed using SAS software, version 7.1 (SAS Institute), with a
2-tailed significance threshold of α = .05.

Results

A total of 6 343 356 female individuals with a pregnancy-associated hospitalization between January
1, 2010, and December 31, 2019, were screened (Figure). Of those, 1 989 124 individuals who had
their first detected pregnancy before January 1, 2012, were excluded. Among the remaining
4 354 232 individuals, 31 262 (0.7%) were excluded because they had a cancer-associated
hospitalization detected before or during the 9 months of their first detected pregnancy. After
exclusions, the analysis included 4 322 970 female patients who were registered in the French
hospital discharge database for a pregnancy-associated hospitalization between January 1, 2012 and
December 31, 2019. The mean (SD) age at first detected pregnancy was 29.6 (6.2) years, and 176 442
participants (4.1%) had state-issued supplementary insurance. The mean (SD) follow-up period was
4.4 (2.3) years, and the maximum follow-up was 8 years; during follow-up, 29 173 individuals (0.7%)
were diagnosed with cancer, and only 1639 participants (0.0379%) died.

During their first detected pregnancy, 45 523 participants (1.1%) had preeclampsia/eclampsia,
representing an incidence of approximately 11 cases per 1000 pregnancies. A cumulative 196 055
person-years in the preeclampsia/eclampsia group and 19 034 861 person-years in the control group
were analyzed. The age of first detected pregnancy was similar among those with and without
preeclampsia/eclampsia (mean [SD], 30.0 [6.2] years and 29.0 [6.2] years, respectively) (Table 1).
Compared with participants in the control group, those with preeclampsia/eclampsia had slightly
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higher rates of obesity (195 101 individuals [4.6%] vs 2567 individuals [5.6%]), diabetes (296 545
individuals [6.9%] vs 3618 individuals [7.9%]), high blood pressure (510 861 individuals [11.9%] vs
6112 individuals [13.4%]), dyslipidemia (152 186 individuals [3.6%] vs 1873 individuals [4.1%]), kidney
failure (564 801 [13.2%] vs 6538 individuals [14.4%]), liver failure (67 548 individuals [1.6%] vs 839
individuals [1.8%]), chronic obstructive pulmonary disease or asthma (139 171 individuals [3.3%] vs
1676 individuals [3.7%]), and cardiovascular events, such as stroke, myocardial infarction, or
thromboembolism (309 861 individuals [7.2%] vs 3828 individuals [8.4%]).

The overall incidence of cancer was 1.51 cases per 1000 person-years (95% CI, 1.34-1.68 cases
per 1000 person-years) among participants with preeclampsia/eclampsia and 1.52 cases per 1000
person-years (95% CI, 1.50-1.54 cases per 1000 person-years) among those without preeclampsia/
eclampsia (adjusted HR [AHR], 0.94; 95% CI, 0.84-1.05) (Table 2).

The incidence of myelodysplastic or myeloproliferative diseases was 0.08 cases per 1000
person-years (95% CI, 0.04-0.12 cases per 1000 person-years) among those with preeclampsia/
eclampsia vs 0.03 cases per 1000 person-years (95% CI, 0.03-0.03 cases per 1000 person-years)
among those without preeclampsia/eclampsia (AHR, 2.43; 95% CI, 1.46-4.06). Kidney cancer,
although rare, was overrepresented in participants who had preeclampsia/eclampsia (AHR, 2.19;

Figure. Participant Flowchart

6 343 356 Female patients with pregnancy-associated 
hospitalization between 2010 and 2019

2 020 386 Excluded
1 989 124

31 262

Had first pregnancy-associated 
hospitalization before 2012
Had history of cancer before or
within 9 mo after first pregnancy
detected

4 322 970 Individuals with first pregnancy detected 
between 2012 and 2019 and no history 
of cancer before or within 9 mo after
first pregnancy detected

45 523 Had preeclampsia or eclampsia at 
first detected pregnancy-associated
hospitalization or within 9 mo after
first pregnancy detected

4 277 447 Did not have preeclampsia or eclampsia 
at first detected pregnancy-associated 
hospitalization or within 9 mo after 
first pregnancy detected

Table 1. Participant Characteristics

Characteristic

No. (%)

Without preeclampsia or eclampsia With preeclampsia or eclampsia
Total participants, No. 4 277 447 45 523

Age, mean (SD), y 29.0 (6.2) 30.0 (6.2)

State-issued supplementary
health insurance

174 537 (4.1) 1905 (4.2)

Health history

Obesity 195 101 (4.6) 2567 (5.6)

Diabetes 296 545 (6.9) 3618 (7.9)

High blood pressure 510 861 (11.9) 6112 (13.4)

Dyslipidemia 152 186 (3.6) 1873 (4.1)

Cardiovascular event 309 861 (7.2) 3828 (8.4)

Kidney failure 564 801 (13.2) 6538 (14.4)

Liver failure 67 548 (1.6) 839 (1.8)

COPD or asthma 139 171 (3.3) 1676 (3.7)
Abbreviations: COPD, chronic obstructive
pulmonary disease.
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95% CI, 1.09-4.42), and a decrease in breast cancer and cervical cancer after preeclampsia/eclampsia
was observed, with AHRs of 0.79 (95% CI, 0.62-0.99) and 0.75 (95% CI, 0.58-0.96), respectively.
No significant differences in the incidence of any of the other cancers examined in the study
were found.

The results of the sensitivity analyses by exposure group were consistent, with some reductions
in associated risk when the exposure group definitions were expanded (Table 3). Two results were
noteworthy. First, the HR increased when intrauterine fetal death was included in the exposure group
for myelodysplastic or myeloproliferative diseases (HR, 2.48; 95% CI, 1.75-3.53). Second, the results
for breast and cervical cancer varied when the exposure group definition changed, with a decreased
and nonsignificant association with breast cancer when intrauterine fetal death (HR, 0.88; 95% CI,
0.77-1.02) or abruptio placenta (HR, 0.84; 95% CI, 0.69-1.04) was added and a nonsignificant
association with cervical cancer when fetal growth restriction (HR, 0.93; 95% CI, 0.78-1.10)
was added.

Table 2. Cancer Incidence per 1000 Person-Years and Associated Cox Proportional Hazards Ratios

Type of cancer or cancer-associated
blood disease

With preeclampsia or eclampsia
(n = 45 523)

Without preeclampsia or eclampsia
(n = 4 277 447) AHR (95% CI)

No. Incidence (95% CI) No. Incidence (95% CI) Model 1a Model 2b

All cancers 297 1.51 (1.34-1.68) 28 876 1.52 (1.50-1.54) 0.94 (0.84-1.06) 0.94 (0.84-1.05)

Solid tumors 273 1.39 (1.22-1.56) 27 073 1.42 (1.40-1.44) 0.92 (0.82-1.04) 0.92 (0.81-1.03)

Oncohematologic disease 26 0.13 (0.08-0.18) 1977 0.10 (0.10-0.10) 1.25 (0.85-1.84) 1.25 (0.85-1.83)

Myelodysplastic
or myeloproliferative syndrome

15 0.08 (0.04-0.12) 569 0.03 (0.03-0.03) 2.46 (1.47-4.11) 2.43 (1.46-4.06)

Cervical cancer 61 0.31 (0.23-0.39) 7775 0.41 (0.40-0.42) 0.75 (0.58-0.97) 0.75 (0.58-0.96)

Breast cancer 73 0.37 (0.28-0.46) 7973 0.42 (0.41-0.43) 0.79 (0.63-0.99) 0.79 (0.62-0.99)

Thyroid cancer 28 0.14 (0.09-0.19) 2478 0.13 (0.12-0.14) 1.06 (0.73-1.54) 1.06 (0.73-1.54)

Colorectal cancer 16 0.08 (0.04-0.12) 1741 0.09 (0.09-0.09) 0.81 (0.50-1.33) 0.81 (0.49-1.32)

Kidney cancer 8 0.04 (0.01-0.07) 326 0.02 (0.02-0.02) 2.21 (1.09-4.45) 2.19 (1.09-4.42)

Lung and pleural cancer 8 0.04 (0.01-0.07) 492 0.03 (0.03-0.03) 1.40 (0.70-2.82) 1.40 (0.69-2.81)

Brain and nervous system cancer 12 0.06 (0.03-0.09) 718 0.04 (0.04-0.04) 1.55 (0.88-2.71) 1.54 (0.87-2.73)

Upper aerodigestive tract cancer 6 0.03 (0.01-0.05) 399 0.02 (0.02-0.02) 1.39 (0.62-3.11) 1.38 (0.62-3.09)

Skin cancer 30 0.15 (0.10-0.20) 1985 0.10 (0.10-0.10) 1.36 (0.95-1.95) 1.36 (0.95-1.95)

Abbreviation: AHR, adjusted hazard ratio.
a Model 1 was adjusted for age, insurance status, and year of first-detected pregnancy.
b Model 2 was adjusted for age, insurance status, year of first-detected pregnancy, and

comorbidities (obesity, high blood pressure, history of diabetes, dyslipidemia, history

of kidney or liver failure, chronic obstructive pulmonary disease or asthma, and history
of cardiovascular disease).

Table 3. Sensitivity Analysis of Myelodysplastic or Myeloproliferative Diseases and Cancers by Exposure Group Definitiona

Exposure group definition
Total
participants, No.

Myelodysplastic or
myeloproliferative disease Breast cancer Cervical cancer Kidney cancer

No. AHR (95% CI) No. AHR (95% CI) No. AHR (95% CI) No. AHR (95% CI)
Preeclampsia/ eclampsia 45 523 15 2.43 (1.46-4.06) 73 0.79 (0.62-0.99) 61 0.75 (0.58-0.96) 8 2.19 (1.09-4.42)

Preeclampsia/eclampsia
and abruptio placenta

52 564 15 2.09 (1.25-3.49) 90 0.84 (0.69-1.04) 74 0.78 (0.62-0.98) 9 2.13 (1.10-4.13)

Preeclampsia/eclampsia
and fetal growth restriction

79 421 24 2.32 (1.54-3.49) 115 0.76 (0.63-0.92) 129 0.93 (0.78-1.10) 12 1.99 (1.12-3.55)

Preeclampsia/eclampsia
and intrauterine fetal death

93 321 33 2.48 (1.75-3.53) 192 0.88 (0.77-1.02) 140 0.79 (0.67-0.94) 14 1.70 (0.99-2.90)

Preeclampsia/eclampsia,
abruptio placenta, fetal growth
restriction, and intrauterine
fetal death

134 260 42 2.29 (1.67-3.14) 251 0.87 (0.77-0.99) 221 0.89 (0.78-1.02) 19 1.71 (1.07-2.71)

Abbreviation: AHR, adjusted hazard ratio.
a Results from Cox proportional hazards model adjusted for age, insurance status, year

of first detected pregnancy, and comorbidities (obesity, high blood pressure, history of

diabetes, dyslipidemia, history of kidney or liver failure, chronic obstructive pulmonary
disease or asthma, and history of cardiovascular disease).
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Discussion

Main Findings
This population-wide cohort study did not find an overall increase in the rate of cancer diagnosis after
a first pregnancy complicated by preeclampsia/eclampsia. However, an analysis by type of cancer
indicated a significant excess in the incidence of chronic myeloproliferative and myelodysplastic
syndromes and kidney cancer among participants with preeclampsia/eclampsia during their first
pregnancy. These associations remained in the sensitivity analyses. For kidney cancer, the HR
decreased as expected when the exposure group definition was expanded, suggesting that the
observed increased incidence was associated with a preeclampsia/eclampsia mechanism. For
myelodysplastic and myeloproliferative diseases, the HR increased when intrauterine fetal death was
included in the exposure group. This finding suggests a possible common factor between
preeclampsia/eclampsia and some of the intrauterine fetal death mechanisms, which may have
produced an increased incidence of myelodysplastic or myeloproliferative diseases.

For breast cancer, a small protective benefit was found among those with
preeclampsia/eclampsia; however, this benefit disappeared when the exposure group definition was
expanded to include either abruptio placenta or intrauterine fetal death but remained when fetal
growth restriction was included. For cervical cancer, the protective benefit disappeared when the
exposure group definition was expanded to fetal growth restriction.

The incidence of preeclampsia/eclampsia in this data set was consistent with reference data for
the French population, with estimates ranging from 1% to 3% in nulliparous individuals and 0.5% to
1.5% in multiparous individuals.22 A meta-analysis performed in 20078 found no association
between preeclampsia and overall cancer risk after an average weighted follow-up of 13.9 years. The
data from the present study, which had a shorter follow-up period, were consistent with these
findings. A 2018 meta-analysis of cohort studies18 did not find an association between preeclampsia
and a maternal risk of breast cancer, even if an increased risk existed among specific populations, as
reported in the Jerusalem Perinatal Study.23 However, preeclampsia was associated with a
significantly lower maternal incidence of breast cancer among those who delivered male offspring.18

The present study could not examine the association of offspring sex.
The current study’s findings are also consistent with those of the Generations Study,11 a large

prospective study in the United Kingdom that found a decreased breast cancer risk among
premenopausal participants who had experienced preeclampsia, as well as the results of a large
population-based case-control study of female patients with breast cancer in Scandinavia.24 To our
knowledge, the present study is the first to explore the association of preeclampsia/eclampsia with
chronic myeloproliferative or myelodysplastic diseases and kidney cancer.

Pathophysiological Hypotheses
Placental diseases can produce acute kidney injury, and this injury can lead to chronic arterial
hypertension, which is an independent risk factor for kidney cell carcinoma.25 Although hypertensive
disorders of pregnancy, including preeclampsia/eclampsia, are known to be associated with increases
in the risk of stroke, coronary artery disease, cardiac arrhythmias, chronic kidney disease, and
multimorbidity,26 creating an opportunity for cardiovascular risk management,27 the data from the
present study could reflect the consequences of female hypertension, which may have produced an
increased risk of kidney cell carcinoma.

The biological mechanisms underlying the associations with placental diseases and chronic
myeloproliferative and myelodysplastic syndromes remain unclear. Although sporadic
myelodysplasia is primarily diagnosed in older adults, myelodysplasia in young and middle-aged
adults is frequently associated with genetic syndromes,28 none of which have been described as
being associated with exposure to placental diseases during pregnancy. Data regarding the
association between Philadelphia-negative chronic myeloproliferative neoplasms and pregnancy
mainly pertain to essential thrombocythemia and suggest substantial maternal morbidity, including
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preeclampsia/eclampsia, intrauterine growth restriction, stillbirth, and premature delivery.29 These
disorders are associated with acquired variations in the Janus kinase 2 (JAK2), calcitonin (CALC), or
MPL protooncogene, thrombopoietin receptor (MPL) genes, which have not been described in those
with preeclampsia/eclampsia. A latent underlying and undiagnosed form of these disorders in some
placental disease cases cannot be excluded.

Another possibility is that the substantial biological stress associated with the onset and
progression of placental diseases may, in rare cases, induce acquired variations in the somatic DNA
(eg, genes that define clonal hematopoiesis of indeterminate potential, which alone precipitates
subsequent myelodysplastic syndrome).30 Of note, clear associations have been described between
clonal hematopoiesis of indeterminate potential, atherothrombosis, and cancer31,32; a previous study
reported an excess of JAK2 V617F variations among individuals experiencing unexplained fetal loss
during their first pregnancy.33 Among biological stresses, inflammasome activation is a signature of
preeclampsia/eclampsia,34,35 and in hematopoietic stem or progenitor cells, inflammasome
activation has been implicated as an important convergence signal in myelodysplastic syndromes
with consequent clonal expansion.36 Inflammatory cytokines and mediators are also suspected to
have an important role in the initiation, propagation, and progression of myelodysplastic
syndromes.37

Endothelial progenitor cell dysfunction is a component of the defective vascular niche
associated with myelodysplasia38 and may be the common factor between preeclampsia/eclampsia
and increased risk of cardiovascular and myelodysplastic diseases. With regard to breast cancer, it
has been hypothesized that an individual’s hormonal profile24,39 and the persistence of an
antiangiogenic profile24,40 could explain the lower incidence observed among those with a history of
preeclampsia/eclampsia. Given that a normal pregnancy induces immunological tolerance, it has
been suggested that preeclampsia could be associated with an abnormal immune response to the
fetus.24,41 This possibility may therefore suggest a more aggressive immune response to a developing
tumor. Although speculative, these hypotheses could also explain the lower incidence of cervical
cancer observed.

Strengths and Limitations
This study has strengths. It used a register of pregnancies and cancers that was almost exhaustive.
Large numbers of cancer diagnoses were collected, which provided sufficient statistical power for
analyses of cancer types, including rare cancers. In France, most women deliver in a maternity
hospital (in 2016, only 0.6% of all deliveries occurred outside a maternity unit or hospital).20

Placental diseases are defined using objective criteria with clear definitions that are collegially
applied by obstetricians; the coding of placental diseases is therefore assumed to be correct. The first
national validation study of many perinatal algorithms also suggested that the French national
hospital database is an appropriate data source for epidemiological studies.42 In addition, because
most cancers require hospitalization, we can also be confident in the completeness of the outcome
data collected. Although the study population was young, the study accounted for potential
competitive risk among participants without cancer who died while hospitalized by censoring at the
date of death (only 0.0379% of participants in the cohort died during follow-up, and approximately
two-thirds of deaths in France occur in a medical facility43). Therefore, factors that may be associated
with the risk of death were unlikely to have had substantial consequences for our results.44

This study also has limitations. The database used in the study limited the assessment of some
important information in the field of cancer risk, such as family history, lifestyle habits, hormone-
based treatments, some pregnancy-associated information, and exposure to environmental
carcinogens, which were not available and may be confounding factors. Bias in the collection of
comorbidities also remains possible because we could only access information registered during the
hospital stay, and some comorbidities do not require hospitalization, which could have limited the
quality of our adjustments. It is also possible that the first pregnancy detected was not actually the
first pregnancy for some participants, which would result in a limited number of multiparous
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participants in the analysis. This limitation may have had a small impact with regard to some cancer
incidence estimates. Although the incidence of some cancers may be associated with the severity of
placental disease,16 these data, as well as information on placental disease subtypes, were not
available. In addition, some differences may appear over time, and we cannot comment on cancer
risks in the long-term.

Conclusions

Among pregnant individuals in the French hospital discharge database from 2012 to 2019, an
increased incidence of myelodysplastic or myeloproliferative neoplasms and kidney cancers and a
slightly decreased incidence of breast and cervical cancers were observed among those with
preeclampsia/eclampsia during their first pregnancy. These results persisted when the spectrum of
placental diseases was analyzed and suggest the presence of shared pathophysiological factors to be
explored in the future.
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