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Purpose Population attributable fractions (PAFs) for hormone and reproductive factors have been estimated in several countries.
International Agency for Research on Cancer (IARC) designated as group 1 and group 2A carcinogen for hormone factors in breast,
ovarian, endometrial and uterine cervix cancer. This study aimed to estimate the PAFs of hormone/reproductive factor attributed to
cancer incidence and deaths in Korean women and projected trends from 2015 to 2030.

Materials and Methods The PAF was estimated with using the 2005 standardized prevalence rates and 2020 incidence and deaths
with a 15-year latency. Based on the Levin’s formula, prevalence rates were calculated using the Korea National Health and Nutrition
Examination Survey (KNHANES) and the relative risks, which were the risk of selected female cancer associated with oral contracep-
tive, hormone replacement therapy and duration of breastfeeding, were estimated from the meta-analysis of studies performed in
Korean women population. Studies based on the Asian and Global populations were calculated as a sensitivity analysis.

Results The estimation PAFs for hormone was 1.02% with 1,192 cases and reproductive was 2.67% with 3,112 cases. Moreover,
0.40% (125 deaths) and 1.09% (342 deaths) in female-related cancer deaths in order. Estrogen-progesterone combined hormone
replacement therapy (HRT) accounted the most proportion in hormone factors and breastfeeding in reproductive factors. Also, the
breast cancer had the highest percent in both hormone and reproductive factors.

Conclusion Through this study, 1.02% and 2.67% of female-related cancer incidence will be reduced by encouraging avoiding the
use of oral contraceptives and HRT and breastfeeding for more than 6 months in reproductive factors. Additionally, among four

selected female cancers in this study, breast cancer was observed to be a significant level of prevention.

Key words Hormone and reproductive factors, Population attributable fraction, Breast neoplasms, Trend change

Introduction

The International Agency for Research on Cancer (IARC)
under the World Health Organization designated group 1
and group 2A as hormonal factors for female cancers such
as breast, ovarian, endometrial, and cervical uterine cancers.
In the case of breast cancer, estrogen-progesterone (EP) oral
contraceptives (OC) and EP menopausal therapy were des-
ignated as group 1 factors, and estrogen-menopausal ther-
apy was designated as group 2A. EP OC were categorized
as group 1 for uterine cervical cancer. Estrogen-only therapy
and EP menopausal therapy in postmenopausal women
were classified as group 1 for endometrial cancer. Finally, for
ovarian cancer, estrogen therapy in postmenopausal women
is classified as a group 1 factor [1,2].

In addition, the evidence of breastfeeding, which is one
of reproductive factors, is suggested by a report published

in 2011 by the World Cancer Research Fund International
(WCRF), which is an international organization that esti-
mates the results of cancer risk and prevention. It suggested
that there is ‘convincing’ evidence that none-experience of
breastfeeding increase the risk of breast cancer in premeno-
pausal women and also in postmenopausal women [3].

The contribution of cancers due to external hormones and
reproductive factors based on the Korean population was
estimated by the National Cancer Center in 2009 using the
1990 exposure rates of hormone/ reproductive and incidence
cases and deaths in 2009 [4,5]. Since it has been 15 years ago
from now, the estimation of population attributable fraction
(PAF) needs to be updated. Also, it was estimated based
on a case-control study and included only breast and ovar-
ian cancers. Moreover, the use of OC and hormone replace-
ment therapy (HRT) among Korean women is increasing
compared to the past. Among Korean women, the rise of
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women’s status and increasement of participating in the
workforce have naturally led to decline the births rate and
breastfeeding [6,7].

In this study, OC and HRT as hormonal factors and breast-
feeding as reproductive factors were finally selected in accor-
dance with existing previous reports or studies and the real-
ity of Korean women. Therefore, we aimed to estimate the
population attributable factors of hormones and reproduc-
tive factors to women-related cancer incidence and deaths in
2015, considering the exposure rates in 2000. Furthermore,
this study will estimate the trends in hormonal and repro-
ductive factors (2020, 2025, and 2030) compared to the past.

Materials and Methods

1. Definition of exposure

The theoretical minimal risk of exogenous hormones has
not been reported. In Korea, only EP combination pills are
sold as OC pills, whereas estrogen, progesterone, EP com-
binations, and tibolone are prescribed for menopausal HRT.
Diethylstilbestrol was excluded because it has not been offi-
cially prescribed under insurance coverage for Korean wom-
en [8].

The WCRE/American Institute for Cancer Research has
provided strong evidence with a probable causality that
breastfeeding may reduce the risk of breast cancer [9]. The
protective effect of breastfeeding on ovarian cancer is sug-
gested but currently has limited evidence, and its effect on
uterine cancer has not been evaluated. Based on the fact
that breastfeeding for more than 6 months lowers the risks
of breast cancer [10], previously published PAF studies also
adopted these standards [11], the median breastfeeding
among Korean women was 5 months [12], and lastly, the
Korean National Health and Nutrition Examination Survey
(KNHANES), which was used to estimate the prevalence of
breastfeeding, also used 6 months as the standard, therefore,
the study defined “breastfeeding more than 6 months” as
theoretical minimum risk exposure distribution for cancer
and defined “breastfeeding more than 6 months” as a risk
factor (S1 Table).

2. Estimation of relative risks for cancer risk

Cancers related to OC pills were selected as breast (C50),
uterine cervical (C53), endometrial (C54.1), and ovarian can-
cer (C56). HRT was subdivided into EP combined, progester-
one, estrogen (E) only, and tibolone, and the related cancers
were selected. Breast cancer (C50) was selected as a risk fac-
tor for breastfeeding.

The relative risks (RRs) of hormone/reproductive factors
for cancer risk were calculated using a meta-analysis of indi-
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vidual RR derived from cohort studies. Individual RRs were
obtained through a systematic review of Asian and global
cohort studies and raw data analysis of seven Korean cohort
studies by the Korean Cohort Consortium [13]. The studies
included in the systematic review of Asian and global cohort
met the following criteria: (1) studies that involved out-
comes of hormone/reproductive factors and female cancer,
(2) studies that offered RRs, odds ratios, hazard ratios, and
(3) cohort studies based on Asian and global populations. If
case-control studies had to be included owing to a lack of
cohort studies, the following exclusion criteria were applied:
(1) single center and (2) patients less than 500 individuals.

Those Korean cohort studies are as follows: the Korean
National Health Insurance Service-National Health Screen-
ing Cohort (KNHIS) [14], the Korean Multi-center Cancer
Cohort Study (KMCC) [15], the Namwon/Dong-gu Study
(NWS/DGS) [16], the Korean Cancer Prevention Study II
(KSCP 1II) [17], the Korean National Cancer Center Screening
Cohort (KNCC) [18], Health Promotion through Early Detec-
tion and Control of Cancer cohort (H-PEACE) [19], and the
Kangbuk Samsung Health Study (KSCS) [20].

Heterogeneity among studies was estimated using Hig-
gins and Thompson's I? statistic and p-values in Cochran’s
Q statistics. Publication bias was evaluated using p-values
from Egger and Begg tests. Statistical analysis was conduct-
ed using the R packages ver. 3.5.2 (https: // www.r-project.
org/) statistical software.

3. Prevalence of exposures to each risk factors

The prevalence of OC, postmenopausal HRT, and breast-
feeding was estimated using KNHANES 2007-2020. Upon
the data, the survey questions of each year regarding hor-
mone were presented whether the participants were taking
hormone (“Ever”). In case of breastfeeding, the categories
were divided into non-childbearing, non-breastfeeding, less
than 6 months, and more than 6 months of breastfeeding.
Each year was age-standardized to the resident registration
central population (RRCP) of 2000, and each of these values
was extrapolated using optimal modeling (linear regression
model) to calculate the prevalence rates in 2000. The preva-
lence rates of OC and postmenopausal HRT were calculated
in age < 55 and age > 50, respectively, and those of breast-
feeding were calculated in all women aged = 20, when per-
forming age-standardization. The prevalence rates of HRT
by type were calculated by multiplying the prevalence rates
of HRT by the usage the proportion rate for each type, which
was derived from the KNHIS data for, 2002-2013.

4. Analysis of the PAFs
The PAF (%) for hormonal and reproductive risk factors
was calculated using the Levin formula, and 95% confidence
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Fig. 1. Fraction (%) of cancer incidence caused by hormone and reproductive factors among women in Korea, 2020. (A) Hormone factors
in women cancer cases, 2020. (B) Reproductive factor in women cancer cases, 2020. E, estrogen; EP, estrogen-progesterone; HRT, hormone

replacement therapy; OC, oral contraceptive.

intervals (CIs) were estimated using the Monte Carlo method
[21]. Considering the 15 latency periods, the PAF for cancer
in 2015, 2020, 2025, and 2030 were estimated using the preva-
lence rates of 2000, 2005, 2010, and 2015 and consistent RR.
Attributable cancer cases or deaths (attributable count; AC)
were obtained from the 2015 Cancer Registration Statistics of
the National Cancer Center for adults aged > 20 years. The
number of cases and deaths due to OC were calculated for
women under 50 years of age and 50-54 years old, while the
number of cases due to postmenopausal HRT was calculated
for women over 50 years of age. The AC of cancer cases and
deaths due to breastfeeding were estimated in parous wom-
en. When estimating the risks of specific cancer deaths, the
pooled RRs of specific cancer incidences were substituted. If
RRs were less than 1, PAF and AC were calculated as nega-
tive values.
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Results

1. Exposure rates

The prevalence rates of exposure to hormones and repro-
ductive factors in 2000 are listed in S2 Table. The use of OC
in 2000 was 8.91% in premenopausal women, and the use of
HRT in 2000 was 11.44% in postmenopausal women. Con-
sidering the HRT type, the percentage of patients using com-
bined EP-combined was 41.12%, E-only was 27.57%, tibolone
was 18.5%, and progesterone was 12.84%. Applying each val-
ue with the exposure rate of ever-used HRT, the final preva-
lence rate of EP combined in 2000 was 4.70% (=11.44x0.4112),
E-only 3.15%, tibolone 2.12%, and progesterone 1.47%.

Moreover, the duration of breastfeeding was 28.87% for
no experience of breastfeeding with nulliparous women and
6.50% for breastfeeding for less than 6 months.

2. Relative risks of cancer

The RRs for breast, ovarian, endometrial, and cervical can-
cers applied in this study, along with the data sources, are
summarized in S3 Table (54-S17 Figs.).
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Fig. 2. Fraction (%) of cancer deaths caused by hormone and reproductive factors among women in Korea, 2020. (A) Hormone factors in
women cancer deaths, 2020. (B) Reproductive factor in women cancer deaths, 2020. E, estrogen; ED, estrogen-progesterone; HRT, hormone

replacement therapy.

Use of combined OC increased the breast and uterine
cervix cancer risks (RR, 1.04; 95% CI, 0.80 to 1.35 and RR,
1.60; 95% CI, 1.23 to 2.09, respectively), whereas, decreased
the ovarian and endometrial cancer risks (RR, 0.64; 95% CI,
0.43 to 0.95 and RR, 0.74; 95% CI, 0.69 to 0.80, respectively).
Moreover, the use of HRT, including combined EP, E-only,
progesterone, and tibolone, increased the risk of all four
types of cancer.

Based on breastfeeding for more than 6 months, the risks
of breast cancer increased by 53% (RR, 1.53; 95% CI, 0.98 to
2.42) and 37% (RR, 1.37; 95% CI, 1.04 to 1.82) when breast-
feeding for less than 6 months or not breastfeeding at all.

The pooled RR of death for each cancer type was collec-
tively replaced by the incidence of the RR to calculate each
PAF.

3. PAF trend of cancer attributable to hormone and repro-
ductive factors

The PAFs of cancers attributable to hormones and repro-
ductive factors from 2015 to 2030 are shown in Table 1
(518-519 Table: for detailed information of 2015 PAF). Among
the causes of female-related cancer in Korean women, the

contribution of hormone/reproductive factors was 3.10%
in 2015, with cancer incidence cases of 3,157, and 3.69% in
2020, cancer incidence cases of 4,303, 4.65% in 2025, cancer
incidence cases of 6,764, and 4.70% in 2030, with cancer inci-
dence cases of 8,392. The contribution rate increased by 1.60%
over 15 years. Moreover, the PAF of cancer deaths was 1.34%
in 2015, 1.49% in 2020, 1.90% in 2025, and 1.80% in 2030.
Although the contribution rate of hormonal and reproduc-
tive factors decreased slightly between 2025 and 2030 (0.10%
decrease), the projected value of PAF deaths has gradually
increased since 2015.

Based on the PAF in 2020, the contribution of hormone fac-
tors was 1.02% (95% CI, 0.16 to 3.47) and reproductive factor
was 2.67% (95% CI, 0.22 to 5.29). EP combined HRT had the
highest contribution of 51.4% in the PAF of hormonal factors,
and only breastfeeding contributed to the PAF of reproduc-
tive factors. In addition, the PAF for cancer deaths showed
the same pattern as that for cancer incidence (Figs. 1 and 2).

Sensitivity analyses that calculated the PAF using Asian
or global RRs are listed in Tables 2 and 3. The cancer inci-
dence in PAF attributable to hormonal factors is estimated
to be 0.86% in the Asian population and 0.54% in the global

VOLUME 57 NUMBER 3 JULY 2025 653
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Table 2. Sensitivity analysis: PAF (%) of cancer due to hormone factors in 2015 using Asian and global RR

Incidence

Women

Hormone factor

Asian global Asian
RR (%) RR (%) RR (%)
ocC
Breast (C50) 0.08 0.08 0.04
Uterine cervix (C53) 0.13 0.13 0.06
Ovarian (C56) -0.04 -0.07 -0.02
Endometrial (C54.1) -0.05 -0.05 -0.03
HRT
EP-combined
Breast (C50) 0.37 0.18 0.18
Ovarian (C56) 0.02 0.01 0.01
E-only
Breast (C50) 0.14 0.06 0.07
Ovarian (C56) 0.02 0.02 0.01
Endometrial (C54.1) 0.04 0.04 0.02
Progesterone
Breast (C50) 0.04 0.04 0.02
Ovarian (C56) 0.01 0.00 0.00
Endometrial (C54.1) 0.01 0.01 0.00
Tibolone
Breast (C50) 0.09 0.09 0.04
Ovarian (C56) 0.01 0.01 0.00
By carcinogen
oC 0.12 0.08 0.06
HRT
EP-combined 0.39 0.19 0.18
E-only 0.21 0.12 0.10
Progesterone 0.05 0.05 0.03
Tibolone 0.10 0.10 0.05
By cancer type
Breast (C50) 0.73 045 0.34
Uterine cervix (C53) 0.13 0.13 0.06
Ovarian (C56) 0.00 -0.04 0.00
Endometrial (C54.1) 0.01 0.01 0.00
Hormone factors, all cancers 881 547 881
PAF 0.86 0.54 0.41

Total

Deaths
Women Total
PAF using PAF using PAF using PAF using PAF using PAFusing PAF using PAF using
global Asian global Asian global
RR (%) RR (%) RR (%) RR (%) RR (%)
0.04 0.04 0.04 0.01 0.01
0.06 0.07 0.07 0.02 0.02
-0.04 -0.06 -0.11 -0.02 -0.04
-0.03 -0.02 -0.02 -0.01 -0.01
0.08 0.18 0.09 0.07 0.03
0.00 0.03 0.02 0.01 0.01
0.03 0.07 0.03 0.03 0.01
0.01 0.03 0.03 0.01 0.01
0.02 0.02 0.02 0.01 0.01
0.02 0.02 0.02 0.01 0.01
0.00 0.01 0.01 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.04 0.04 0.04 0.00 0.02
0.00 0.00 0.00 0.00 0.00
0.04 0.02 -0.04 0.01 -0.01
0.09 0.21 0.10 0.08 0.04
0.06 0.13 0.08 0.05 0.03
0.02 0.03 0.03 0.01 0.01
0.05 0.05 0.05 0.02 0.02
0.21 0.35 0.21 0.13 0.08
0.06 0.07 0.07 0.02 0.02
-0.02 0.01 -0.03 0.00 -0.02
0.00 0.01 0.01 0.00 0.00
547 126 65 126 65
0.25 0.43 0.22 0.16 0.99

E, estrogen; EP, estrogen-progesterone; HRT, hormone replacement therapy; OC, oral contraceptive; PAF, population attributable fraction;

RR, relative risk.

population. Moreover, cancer deaths due to PAF have been
calculated to be 0.43% in the Asian population and 0.22%
in the global population. The incidence and deaths of both
PAFs due to reproductive factors are higher in Asians (inci-
dence, 3.00%; deaths, 1.28%) than in the global population
(incidence, 0.28%; deaths, 0.12%).

The comparison of PAF (%) in 2015 and in the past year
(2009) reported by the National Cancer Center (NCC) are

654 CANCER RESEARCH AND TREATMENT

shown in S20 Table. According to the NCC, reproductive
factors were calculated as hormonal factors, including OC
and EP-combined HRT, at 0.78%, and reproductive factors,
including parity and breastfeeding, at 2.34% for the risk of
developing female-related cancers. This study suggested
that 0.81% of hormonal factors included OC, EP-combined
HRT, E-only HRT, progesterone, and tibolone, while 2.29% of
reproductive factors included only breastfeeding.
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Table 3. Sensitivity analysis: PAF (%) of cancer due to reproductive factor in 2015 using Asian and global RR

Incidence Deaths
Women Total Women Total
Reproductive e i ———
factor PAF using PAF using PAF using PAF using PAF using PAF using PAF using PAF using
Asian global Asian global Asian global Asian global
RR (%) RR (%) RR (%) RR (%) RR (%) RR (%) RR (%) RR (%)
Breastfeeding
Breast (C50) 3.00 0.28 1.42 0.13 1.28 0.12 0.42 0.04
By carcinogen
Breastfeeding 3.00 0.28 1.42 0.13 1.28 0.12 0.42 0.04
By cancer type
Breast (C50) 3.00 0.28 1.42 0.13 1.28 0.12 0.42 0.04
Reproductive factors, 3,059 280 3,059 280 371 34 371 34
all cancers
PAF 3.00 0.28 1.42 0.13 1.28 0.12 0.42 0.04

PAF, population attributable fraction; RR, relative risk.

Discussion

This study aimed to estimate the contribution of hormone/
reproductive factors to cancer in Korean women in 2020,
compare the trend of PAFs over 5 years, and use various RRs.
In 2020, the PAFs of cancer incidence caused by hormonal
and reproductive factors were 1.02% and 2.67%, respectively.
Hormone/reproductive factors are expected to increase by
1.60% from 2015 to 2030. When estimating PAF using various
RRs, the contribution of hormonal factors was similar, with a
value of less than 1%; however, the contribution of reproduc-
tive factors was the highest in the Asian population.

The PAFs for hormones and reproductive factors have
been estimated in several countries. In Western countries,
such as the UK, Australia, and Canada, external hormone
uses and 6 months of breastfeeding were estimated as PAF
in female cancer [22-24]. In the UK (2010), non-use of post-
menopausal hormone therapy was the theoretical minimum
risk exposure level for breast, endometrial, and ovarian can-
cers with 1.1% attributional fractions by using them, whereas
breastfeeding for less than 6 months was considered a refer-
ence exposure, resulting in an attributable fraction of 1.7%
[22]. In Australia (2010), attributable factors were calculated
as 1.1%, 0.3%, and 0.5% for non-use of HRT in postmeno-
pausal women with breast, endometrial, and ovarian cancer,
non-use of combined OC in women with breast and cervical
cancer, and breastfeeding for less than 12 months in women
with breast cancer, respectively [23]. In Canada (2012), only
hormonal factors including breast, endometrial, and ovarian
cancers were considered and calculated as 1.7% for OC use
and 0.9% for HRT use [24]. Moreover, in Asian countries, the
current use of hormones was identified as a risk factor for all

cancer cases, with a contribution of approximately 0.4% [25].
It is evident that the contribution of exogenous hormones to
the total number of cancer cases is less than 4%, and the PAF
of Western countries is higher than that of Asian countries
(S21 Fig,).

This study is noteworthy due to the gradually increas-
ing incidence of reproductive PAFs. Even though only the
breastfeeding value was included, it increased from 2.29% in
2015 to 3.22% in 2030, with an increment of 0.93% being the
only factor. This increase was due to the rapid increase in
the prevalence of nulliparous women, which was 15.17% in
2015, 19.07% in 2020, 23% in 2025, and 25.97% in 2030. These
phenomena reflect women’s rising overall education and
employment and the long period of settling into a proper
position at work [26].

This study has several strengths. First, the pooled RRs
based on the 2009 NCC report relied on the Seoul Breast
Cancer Study (SeBCS) and Lee et al. [27], which were case-
control studies. We calculated the risk of breast cancer using
cohort studies conducted specifically in the Korean popula-
tion. This study included four cohort studies on combined
OC and HRT use and two cohort studies on breastfeeding for
6 months. Second, this study calculated the risks not only for
breast and ovarian cancer but also for endometrial and cer-
vical cancer, highlighting that hormone factors were 1.02%,
while the PAF of reproductive factors was 2.67% in 2020.
Lastly, the contribution of postmenopausal HRT has been
estimated using only EP-combined HRT, which is commonly
used in women; however, this study subdivided the types of
HRT and calculated the PAFs of each type of HRT, which is
the novelty of this study.

The limitations of this study are as follows. First, there
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is a lack of cohort studies based on Korean populations to
measure the risks of ovarian, endometrial, and cervical can-
cers. Therefore, to supplement the RRs of female-related
cancers, this study estimated the risks based on Asian and
Global populations as substitutes. Second, there is a potential
for measurement bias in the process of estimating the asso-
ciation between six months of breastfeeding and the risk of
breast cancer. Based on adequate breastfeeding exposure, the
final estimated risks were derived using the proportions of
each risk estimate. By using the KNHANES as the source of
exposure data, which is self-reported, may lead to informa-
tion bias, specifically recall-bias. The ‘unknown’ response
could result in missing data, potentially leading to incom-
plete or biased estimates for the exposures-disease relation-
ship. However, we compared various sources of exposure
data, and among them KNHANES was selected as it had the
least amount of missing data, making it the most suitable for
exposure data.

Additionally, when negative values were obtained in the
lower confidence interval while estimating the PAF, the value
was arbitrarily set to 0.00% as it was not valid for ACs to have
negative values. Lastly, the value of PAF varies according to
the prevalence of risk factors based on Levin's formula. Vari-
ous data sources were compared to estimate the prevalence
of carcinogenic factors, including health insurance statistics
and the KNHANES from the Korea Statistical Information
Service (KOSIS). Health insurance statistics from the KOSIS
were considered appropriate for reflecting prevalence, as
the survey was conducted on individuals covered by health
insurance and represented a large portion of the population.
However, most of the data were from the latter half of 2010,
which may have resulted in an overestimation due to insuf-
ficient data for the 10-year period.

Through this study, the PAF for hormone and reproduc-
tive factors in Korean women were calculated, with hormone
contributed 1.02% and reproductive accounted for 2.67% in
2020. Therefore, based on the definition of PAF, 1.02% of
female cancers can be prevented by not using combined OC
or any types of HRT. Among reproductive factors, breast-
feeding for more than 6 months suggest to prevent approxi-
mately 2.67% of female cancer, typically to breast cancer. The
results of this study can be used as evidence-based value to
inform the recommendations for women. Breastfeeding is
one of the dilemmas for working mothers in Korea. While
they may want to breastfeed for their child’s sake, they may
choose to stop breastfeeding early due to low milk supply,
body shape concerns, or the need of quickly returning back
to their workplaces. However, breastfeeding can be recom-
mended not only for the child’s benefit but also for reducing
the mother’s future cancer risks by showing its impacts of
this study. Additionally, for hormone use, it serves as a new
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guideline to recommend discontinuing long-term use of OC,
taken for contraception rather than treatment purpose based
on the study indicators. Lastly, among four selected female
cancers, breast cancer was observed to be a significant level
of prevention. It could serve as a foundation for recommend-
ing more frequent breast cancer screening to younger wom-
en, rather than limiting to women over 40 years old with
every two years of the national cancer screening program.
Furthermore, if future cohort studies of female cancer and
reproductive / hormone factors among Koreans increase, esti-
mating PAF based on the duration of hormone use, rather
than simply whether use or not, would likely provide more
useful evidence for clinical practice. Considering that the
number of child births is a modifiable reproductive factor,
if the differences between pregnancy experience and child-
births experience are clearly distinguished in the data and
the associated risk for female cancers is calculated according-
ly, this could be one of the factors included in future studies.
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