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Summary

What is already known about this topic?
Limited evidence exists regarding the relationship
between pregnancy loss and female-specific cancers
within the Chinese population from prospective cohort
studies.

What is added by this report?

Terminations were associated with a 13% lower risk of
endometrial cancer, whereas stillbirths were related to
an 18% higher risk of cervical cancer. Rural residents
with a history of pregnancy loss experienced a 19% and
38% increased risk of breast and cervical cancers,
respectively, compared to their urban counterparts.
Moreover, a positive graded relationship between live
births and pregnancy loss on cervical cancer was
observed.

What are the implications for public health
practice?

This study has significant implications for identifying
women at an increased risk for breast and genital
cancers and contributes to the development of effective
public health strategies for female cancer prevention.
Future research on reproductive history, particularly in
rural areas, should be given priority in efforts to
improve female cancer screening and early detection.

Breast cancer (BC) is the most common cancer and
the leading cause of cancer-related deaths among
females globally (7). Cervical and ovarian cancer also
contribute to significant burdens of cancer-related
disability and mortality (2). Consequently, identifying
at-risk groups is crucial for the early detection of breast
and gynecological malignancies. Pregnancy loss (PL) is
a prevalent occurrence worldwide, with approximately
2.6 million stillbirths and over 20% of pregnancies
ending in spontaneous abortions in 2015 (3-4).
Termination has reached a global prevalence of 3.5%
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among women of reproductive age between
2010-2014 (5). Reproductive factors, including
pregnancy and PL, have been repeatedly associated
with breast and gynecologic cancers, yielding
inconclusive results. Earlier studies demonstrated that
compared to nulliparous women, parous women
exhibited lower long-term risks of breast cancer and
(6-7). However, a

individual-level meta-analysis indicated that the risk of

endometrial ~ cancer recent
breast cancer increased for women with higher parity
(8). Regarding PL, previous observational studies
proposed its association with female-specific cancer
(9-10), while a recent nationwide cohort study in
between
pregnancy loss and subsequent cancer development
(11). Additionally, there is limited evidence addressing
this topic within the Chinese population. Considering

Denmark contradicted any correlation

that the reproductive patterns of Chinese women have
changed significantly over the past few decades, a
proper understanding of the link between PL and
female cancer risk is pivotal in China. Thus, this large
cohort study, consisting of 298,008 participants,
provides the most comprehensive assessment of the
associations between PL and long-term female-specific
cancer risk among Chinese women between 2004 and
2017.

In this study, we utilized a large female sample from
the China Kadoorie Biobank (CKB) study, which is an
ongoing nationwide cohort study involving 512,891
individuals (59% women) recruited at baseline
between 2004 and 2008 and followed up for morbidity
and mortality at ten regional study sites (Licang,
Nangang, Meilan, Wuzhong, Liubei, Pengzhou,
Maijixiang, Huixian, Tongxiang, and Liuyang) across
China. After excluding participants with a cancer
history  (»=1,160), insufficient
reproductive history (7=47), and nullipara (#=2,857), a
total of 298,008 women were included in the final
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analyses. Reproductive history, encompassing the
number of pregnancies, parities, spontaneous
miscarriages, terminations, and stillbirths, was assessed
using a structured questionnaire. Time to first onset of
breast cancer (C50), cervical cancer (C53), endometrial
cancer (C54.1), and ovarian cancer (C56) was recorded
through linkage to local disease and death registers,
health insurance databases, residential records, and the
registries of the China’s Disease Surveillance Points
system based on ICD-10 codes (International
Classification of Diseases, 10th Revision). Follow-up
person-years were calculated from the date of baseline
enrollment to either the date of cancer, death, loss to
follow-up, or December 31, 2017, whichever occurred
first.

Cox proportional hazards (PH) models were
conducted to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for cancer in relation to PL.
Cox models were stratified by age-at-risk (five-year
intervals) and regions, and HRs were adjusted for body
mass index (BMI), socioeconomic status, alcohol
consumption, smoking, physical activity, sleep quality,
comorbidity, age at menarche, oral contraceptive use,
and gynecological operation history. A two-sample
Mendelian randomization (MR) analysis, adhering to
the three assumptions (independence, relevance, and
exclusion restriction), was further executed to estimate
potential causal relationships. Instrumental variables
[i.e., single nucleotide polymorphism (SNPs)] of three

Individual level data

512,891 middle-aged adults from 10 different
parts of China in the CKB study

Ongoing
follow-up

exposure traits (miscarriages, terminations, and
stillbirths) were obtained from the genome-wide
association studies (GWAS) catalog (https://www.
ebi.ac.uk/gwas/). Summary GWAS data on cancer
traits (i.e., breast, cervical, endometrial, and ovarian
cancers) were acquired from the BioBank Japan.

The random-effects weighted
(IVW) method and a series of sensitivity analyses,
including MR-Egger regression, weighted-median,

inverse-variance

simple-mode, and weighted-mode, were employed for
MR analyses. Horizontal pleiotropy was assessed by the
MR-Egger intercept. All P values were two-sided, and
statistical significance was set at the <0.05 level. The
aforementioned analyses were performed using R4.1.2
(R Foundation for Statistical Computing, Vienna,
Austria). The study’s flow chart is presented in
Figure 1.

In the sample of 298,008 women, 9.1% reported a
history of miscarriage, 52.5% reported termination,
and 5.7% reported stillbirth. Participant characteristics
across the number of PLs are shown in Table 1. After a
median follow-up of 9.2 years, 1,997 new cases of
female breast cancer (incidence rate: 0.7%o), 950
cervical cancer cases (incidence rate: 0.3%o), 338
endometrial cancer cases (incidence rate: 0.1%o), and
377 ovarian cancer cases (incidence rate: 0.1%o) were
observed. A 13% decreased risk of endometrial cancer
per additional termination (HR=0.87, 95% CI
0.78-0.98, P=0.019) and an 18% increased risk of

Summary level data

Public datasets from open GWAS

l |

Female sample Expn.surc: .

n=302,522 * M1s@m§ges
* Terminations
« Stillbirths
Covariates:

Exclusion: "
 History of cancer: n=1,610 Demographics

« Without reproductive data: | 4—f : Life;tyle babits
n=47 * Medical history

* Reproductive history

¢ Nulligravid women:
n=2,857 Outcomes of interest:

* Breast cancer

* Cervical cancer

* Endometrial cancer

* Ovarian cancer

Eligible sample for
association analysis:
n=298,008

FIGURE 1. Flow chart of the present study.

Outcome traits:

* Breast cancer: 5,552 cases/89,731 controls

+ Cervical cancer: 605 cases/89,731 controls

* Endometrial cancer: 999 cases/89,731 controls
* Ovarian cancer: 720 cases/89,731 controls

Exposure traits:

* Miscarriages: 1,407 Asians
« Terminations: 1,369 Asians
« Stillbirths: 1,394 Asians

l

MR assumption:

+ Independence

¢ Relevance

* Exclusion restriction

l

Two-sample MR analysis

Abbreviation: CKB=China Kadoorie Biobank; GWAS=genome-wide association studies; MR=Mendelian randomization.
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TABLE 1. Baseline characteristics of participants by number of miscarriages, terminations, and stillbirths (n=298,008).

Characteristic Total Miscarriages Terminations Stillbirths
1 >2 0 1 >2 0 1 >2
Sample, % 90.9 7.2 1.9 475 278 24.7 94.3 44 1.3
Rural residents, % 55.7 54.3 68.5 72.8 70.0 44.8 40.3 54.8 67.5 77.9
Age, years 51.4£10.5 51.2+10.4 53.7+11.0 55.1411.6 52.4%10.9 50.9+10.2 50.1:9.7 51.0+10.3 56.7+10.5 62.3:9.5
BMI, kg/m? 23.8:3.5 23.8+34 237435 236£3.6 23.6:3.5 23.9:3.3 241334 239:34 234135 22.8+36
:;%r\‘/:’c;fo' and 17.8 18.4 11.3 10.4 11.4 219 25.3 18.4 7.9 2.8
Manual worker, % 57.7 57.8 575 555 62.9 54.9 51.1 58.4 488 37.2
'C",fl:’(’;‘yeesff’o/’oooo 40.7 417 324 273 33.1 49.4 45.7 410 37.9 30.8
High SES, % 324 336 218 18.9 215 40.8 4422 335 17.3 75
Ever drinker, % 36.4 365 34.9 35.2 30.7 385 44.9 37.2 23.9 17.6
Ever smoker, % 5.1 5.0 5.8 6.5 4.7 4.7 6.1 5.0 6.2 5.8
Egzsi;’:}'la"“"ity* MET- 505128 206:12.8 19.6£125 18.6:11.9 20.9+12.8 205:13.0 19.6+124 20.7+12.8 17.6+11.5 14.3+9.8
Sleep disturbance, %  18.8 18.5 222 227 18.8 18.3 19.5 18.5 225 27.1
NCD history, % 337 33.4 37.0 385 326 34.1 35.4 33.3 40.1 43.4
Cg:r:t menarche, 154420 15.642.0 15.6£2.0 15.6:2.0 156420 153+1.9 15241.9 154+20 159:2.0 15.942.0
uosr:' ;:’””acep“ve 9.9 10.1 8.0 7.2 46 12.0 17.8 10.1 6.7 55
Gynecological 5.4 5.4 4.9 4.8 45 5.8 6.6 55 4.6 37

operation history, %
Number of live births 22+1.3 22413 2.7+15 2.9+1.7 2614  2.0%1.2 1.8+1.1 22+1.3 2.8+14 3.3x1.5

Abbreviation: BMI=body mass index; CNY=Chinese Yuan; SES=socioeconomic status; MET=metabolic equivalent; NCD=
noncommunicable disease.

Type of pregnancy losses Cases PYs HR (95% CI) P CKB OR (95% CI) P MR
Breast cancer i :
Spontaneous miscarriages 131 242,613 0.94 (0.83-1.07) 0.374 ._|E_| 1.02 (0.97-1.08) 0.371 |IP-|
Terminations 1,245 1,424,309  0.96 (0.92-1.00) 0.059 ..i 1.01 (0.98-1.04) 0.527 :-
Stillbirths 71 152,871 1.03 (0.86-1.24) 0.735 ——i 0.99 (0.96-1.02) 0.498 n
Cervical cancer E E
Spontaneous miscarriages 108 242,689 1.08 (0.95-1.22) 0.263 .;._. 0.98 (0.88-1.08) 0.658 |-ql-|
Terminations 425 1,427,341  0.95(0.89-1.02) 0.175 pll:l 1.00 (0.93-1.08) 0.995 l-i:-l
Stillbirths 85 152,902 1.18 (1.03-1.36)  0.021 E._._. 0.98 (0.90-1.07) 0.668 |-.:-|
Endometrial cancer : :
Spontaneous miscarriages 22 242,977 0.94 (0.70-1.27) 0.694 |—|E—| 1.03 (0.94-1.11) 0.551 |.Ih-|
Terminations 175 1,428,153  0.87(0.78-0.98) 0.019 .....E 0.93 (0.88-0.99) 0.025 "'i
Stillbirths 13 153,100 1.23 (0.84-1.81) 0.294 ._5_._> 1.04 (0.95-1.13) 0.412 ..EH
Ovarian cancer : :
Spontaneous miscarriages 35 242,939 1.08 (0.85-1.36) 0.525 |—E—|—| 1.02 (0.94-1.12) 0.592 ..:-_.
Terminations 201 1,428,183  0.92(0.83-1.02) 0.127 |-|—E| 0.92 (0.86-0.98) 0.015 ,..45
Stillbirths 16 153,078 0.91 (0.62-1.34) 0.641 ._..E_. 0.96 (0.88-1.04) 0.324 "'i"
0.5 1.0 1.5 0.5 1.0 1.5

FIGURE 2. Associations between pregnancy losses and female-specific cancers by CKB and MR in Asian population.
Abbreviation: PYs=person-years; HR=hazard ratio; C/=confidence interval; CKB=China Kadoorie Biobank; MR=Mendelian
randomization.
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cervical cancer per additional stillbirth (HR=1.18, 95%
CrI: 1.03-1.36, P=0.021) were identified (Figure 2).
When stratified by living region, rural residents with
a termination history had a 19% higher risk of
breast (HR=1.19, 95% CI. 1.02-1.40,
<0.001) compared to urban residents.

cancer
h heterogeneity
Furthermore, rural residents with a miscarriage history
faced a 38% increased risk of cervical cancer
(HR=1.38, 95% CE 1.11-1.73, Pheqerogencity<0-001).
In the joint-relationship analysis, a significant graded
relationship between live birth and pregnancy loss on
cervical cancer was observed. Among women having 3
or more live births, adjusted HRs were 4.93 (95% CI.
3.76-6.45) for those without miscarriage, 5.32
(3.63-7.79) for those with one miscarriage, and 6.99
(4.06-12.03) for those with more than two
miscarriages.

Details on exposure-associated SNPs for MR
analyses are shown in Table 2. The numbers of
included SNPs ranged from 23 to 41, and the
proportions of variance explained by SNPs (R?) varied
from 6.28% to 9.82%. Most traits displayed a
considerable weak instrument bias (F-stat <10). The
power to detect a significant effect size [odds ratio
(OR)=0.8/1.2] in our MR analyses was highest for
termination on breast cancer (power=99%), and lowest
for stillbirth on cervical cancer (power=28%). In the
MR analysis, terminations were found to be causally

associated with a 7% lower risk of endometrial cancer
(OR=0.93, 95% CI: 0.88-0.99, P=0.025) and an 8%
lower risk of ovarian cancer (OR=0.92, 95% CI
0.86-0.98, P=0.015) (Figure 2). MR-Egger intercepts
indicated low levels of horizontal pleiotropy among all
selected SNPs (2-0.05) (Supplementary Table S1,
available in http://weekly.chinacdc.cn).  Sensitivity
analysis results are presented in Supplementary Figure

S1 (available in http://weekly.chinacdc.cn).

DISCUSSION

This extensive cohort study, consisting of 298,008
participants, offers a comprehensive evaluation of the
associations between pregnancy loss and long-term
female-specific cancer risks in Chinese women.
Termination was found to be linked with a reduced
risk of endometrial cancer, whereas stillbirth was
correlated with an increased risk of cervical cancer. A
Mendelian randomization analysis in individuals of
Asian ancestry was conducted to further assess the
causal relationships between these factors.

The findings of this study align closely with previous
research conducted in other countries. For example, a
cross-national study demonstrated that pregnancies
ending in either spontaneous or induced abortion did
not increase the risk of female breast cancer [relative

risk  (RR)=0.98, 95% CI: 0.92-1.04] (/2).

TABLE 2. Details of the instruments used as proxy pregnancy loss on female-specific cancer risk.

Phenotypes Total population SNPs (n) F-stat R? (%) Power (%)

Breast cancer

Spontaneous miscarriages 23 4.03 6.28 94

Terminations 95,283 32 418 9.11 99

Stillbirths 34 2.71 6.34 95
Cervical cancer

Spontaneous miscarriages 29 4.29 8.29 29

Terminations 90,336 35 4.15 9.82 35

Stillbirths 41 2.71 7.60 28
Endometrial cancer

Spontaneous miscarriages 29 4.29 8.29 42

Terminations 90,730 35 4.15 9.82 50

Stillbirths 41 2.71 7.60 41
Ovarian cancer

Spontaneous miscarriages 29 4.29 8.29 33

Terminations 90,451 35 415 9.82 39

Stillbirths 41 2.71 7.60 31

Abbreviation: SNP=single nucleotide polymorphism.
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Additionally, a nationwide register-based study with
57,347,622 person-years of follow-up revealed that
pregnancy termination was
significantly decreased risk of endometrial cancer
(RR=0.53, 95% CI: 0.45-0.64) (9).

A potential explanation for the reduced risk of
endometrial associated ~ with  pregnancy
termination may be that the termination process
contributes to the removal of endometrial cells,
particularly those in the early stages of malignant
transformation (3). Another conceivable mechanism
involves the early gestational effect occurring in the
initial weeks post-conception, wherein the rapid
increase of the progesterone-to-estrogen ratio enhances
the endometrial system (9). In terms of the increased
risk of cervical cancer linked to stillbirth, the
underlying mechanism remains uncertain.
Nonetheless, evidence has demonstrated that recurrent
pregnancy loss is associated with aberrant progesterone
receptors, which may subsequently contribute to the
dysfunction of tumor suppressors in uterine cancer
cells and further induce uterine tumors (/4).

Our study revealed an intriguing dose-response
relationship between the number of PLs and live births
in relation to female cancer risk. As the number of live

associated with a

cancer

births increased, a higher risk of female cancer was
observed in women with multiple PLs. Although
parity, serving as a proxy for women’s fecundity, may
indicate a healthy endocrine and endometrial system,
completed pregnancies could still stimulate the growth
of cells that are in the early stages of malignant
transformation (75).

Previous research has demonstrated that social
determinants, such as geographical location,
socioeconomic status, and education level, significantly
influence the incidence and progression of female
cancers. Particularly in rural areas, female residents
may face financial constraints, poor sanitation, and
inadequate medical care due to their relatively low
socioeconomic status. As a result, they may be less
aware of the importance of regular medical check-ups
and treatments for cancer prevention and management
(16). Furthermore, rural Chinese women often begin
childbearing at a younger age and continue to be
sexually active for an extended duration (17).
Consequently, they may experience increased exposure
to unidentified risk factors associated with the
development of gynecological malignancies.

The primary strength of this study lies in its
comprehensive  examination of the associations
between three types of pregnancy loss and the long-
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term risk of female malignancy in a large-scale
prospective cohort in China. Additionally, a two-
sample Mendelian randomization analysis was utilized
to further
Nevertheless, our study faces several limitations. First,

confirm these causal relationships.
reproductive history data were self-reported, which
may be subject to recall and reporting bias. Second,
some residual confounders (e.g., environmental factors
and  pregnancy-induced conditions) related to
pregnancy loss and female oncology were not adjusted
for.  Third, data regarding the number,
consecutiveness, and intervals of pregnancy losses were
unavailable, limiting our ability to gain an in-depth
understanding of the underlying mechanisms linking
incomplete pregnancy and female malignancy. Finally,
the current study was unable to perform an MR
interaction analysis due to the unavailability of
individual-level genotype data.

In conclusion, this study is the first large-scale
nationwide cohort investigation in China to uncover
the relationship between pregnancy loss and female-
specific cancers among Chinese women. The
utilization of Mendelian randomization analysis further
strengthens the causal evidence supporting these
findings. The results offer valuable insights into the
link between reproductive history and the development
of cancer, as well as guidance for identifying high-risk
groups for female-specific cancers. This research
contributes significantly to public health practices
aimed at preventing and detecting these cancers early.
Further examination of reproductive history,
particularly in rural regions, is essential in determining
accurate risk stratification, which will prove beneficial
for developing screening and prevention strategies
regarding female-specific cancers.
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SUPPLEMENTARY TABLE S1. Results of MR using the inverse-variance weighted method.

Effect size Heterogeneity Pleiotropy
eneupes oREsRC) P asm P Fem e et

Breast cancer

Spontaneous miscarriages 1.02 (0.97-1.08) 0.371 42.24 0.006  47.92 0.01 0.731 0.175

Terminations 1.01(0.98-1.04)  0.527 38.16  0.176  18.75 -0.02 0.150 0.152

Stillbirths 0.99 (0.96-1.02)  0.498 18.67  0.971 0.00 0.01 0.561 0.982
Cervical cancer

Spontaneous miscarriages 0.98 (0.88-1.08) 0.658 30.57 0.245 14.94 <0.01 0.896 0.323

Terminations 1.00 (0.93-1.08)  0.995 31.97  0.567 0.00 <0.00 0.878 0.538

Stillbirths 0.98 (0.90-1.07)  0.668 36.66  0.577 0.00 0.01 0.827 0.534
Endometrial cancer

Spontaneous miscarriages 1.03 (0.94-1.11) 0.551 31.49 0.210 17.44 -0.01 0.814 0.227

Terminations 0.93 (0.88-0.99)  0.025 31.26  0.602 0.00 0.00 0.948 0.656

Stillbirths 1.04 (0.95-1.13)  0.412 60.27 0.016  35.29 <0.00 0.989 0.388
Ovarian cancer

Spontaneous miscarriages 1.02 (0.94-1.12)  0.592 16.57  0.922 0.00 <0.00 0.974 0.893

Terminations 0.92 (0.86-0.98)  0.015 20.80 0.963 0.00 0.01 0.822 0.962

Stillbirths 0.96 (0.88-1.04)  0.324 33.23 0.730 0.00 -0.01 0.846 0.732

Abbreviation: OR=0dds ratio; C/=confidence interval; MR=Mendelian randomization; PRESSO=pleiotropy residual sum and outlier.
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SUPPLEMENTARY FIGURE S1. Scatter plot displaying the impact of each SNP on various female cancer types for each

phenotype.

Abbreviation: MR=Mendelian randomization; SNP=single nucleotide polymorphism.
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