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Abstract

Oral contraceptive (OC) use is associated with reduced ovarian cancer risk; however, associations
with other contraceptive methods, such as intrauterine device (IUD) and tubal ligation (TL), are
less clear. Women in China differ from western women in regard to mechanisms and duration of
use of contraception. This study was undertaken to evaluate associations between contraceptive
methods and ovarian cancer risk using data from the prospective Shanghai Women’s Health
Study. Hazard ratios (HRs) and 95% confidence intervals (Cls) were estimated by Cox
proportional hazards regression. A total of 174 epithelial ovarian cancer cases were found to occur
among 70,259 women that were followed for a total of 888,258 person years. The majority of
women had ever used any contraception (77.0%), including IUD use (55.6%), OC use (20.4%),
TL (14.7%), and contraceptive shots (2.6%). Ever use of any contraception was associated with a
non-significant reduction in ovarian cancer risk (HR: 0.86, 95% CI: 0.60-1.24). Longer duration
of IUD use was associated with lower ovarian cancer risk (P-value for trend=0.04). Compared to
never users, women with durations of 1UD use longer than the median (20 years) were 38% less
likely to develop ovarian cancer (HR: 0.62, 95% CI: 0.40-0.97). Based on the high prevalence and
long duration of IUD use among Chinese women, we estimate a preventive fraction of 9.3%,
corresponding to approximately 16 ovarian cancer cases. High prevalence of long-term 1UD use
may therefore contribute to the low incidence of ovarian cancer observed in China.
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Introduction

Ovarian cancer is the sixth most common cancer and the seventh cause of cancer deaths
among women worldwide. Due to the absence of specific symptoms and the lack of
effective screening and early diagnostic techniques, ovarian cancer remains a highly deadly
malignancy.? Despite the lethality of ovarian cancer, the etiology of this disease remains
poorly understood. Two hypotheses have been proposed: incessant ovulation34 and
gonadotropin®® stimulation. Repeated ovulation and gonadotropin hormones both stimulate
the ovarian surface epithelium, and may contribute to the development of ovarian cancer.
However, a recent paradigm shift has resulted from a growing body of evidence that
indicates that the majority of ovarian cancers, the serous papillary subtype, actually arise
from the distal fallopian tube, and involve the ovary only secondarily.”~10 Regardless of the
origins of ovarian cancer, oral contraceptive (OC) use is known to reduce ovarian cancer
risk.11.12 Associations with other contraceptive methods, such as intrauterine device (1UD)
and tubal ligation (TL), are less clear. The majority of studies conducted to date on
contraceptive measures and ovarian cancer risk have used case-control designs;13:14 fewer
cohort studies have been conducted.>:16 Further, most study populations have been
comprised predominantly of Caucasian women.

The prevalence of contraception use in China ranks among the highest in the world.1” More
than 269 million (88.95%) married women of reproductive age used contraception in China
in 2009.18 Modes of contraceptive use are also unique to China: long-term contraceptive
use, including IUD, TL and male sterilization, have been very common, with prevalence
rates of approximately 80%, which have been stable since the 1980s.18 As patterns of
contraception use differ between women in China and in Western countries, where use is
dominated by short-term contraceptive methods,1” differences in associations with ovarian
cancer risk may also exist. Therefore, we examined ovarian risk in relation to different
contraceptive methods, including IUD, OC, TL and contraceptive shots, among Chinese
women participating in a large-scale prospective cohort study.

Materials and Methods

Study Population

The Shanghai Women’s Health Study (SWHS) is an ongoing, population-based, prospective
cohort study. Detailed descriptions of the SWHS have been previously described.1® Briefly,
at baseline from March 1997 to May 2000, adult Chinese women aged 40 to 70 years were
recruited from seven urban communities of Shanghai, China. Of women recruited, 74,941
(92%) completed a detailed baseline survey. Follow-up was administered by biennial in-
person interviews and periodic linkage to the population-based Shanghai Cancer and Vital
Statistics Registries. Incident cancer cases were verified by home visits and medical chart
review. For analysis, ovarian cancer cases were defined as women for whom ovarian cancer
was the first cancer diagnosis (ICD-9 code 183); only invasive malignancies were included
(ICD-0-2 5th-digit behavior code 3). Women who had a previous diagnosis of any cancer
(N =1,598), an unverified diagnosis of cancer (N = 69), a prior oophorectomy (N = 3,117),
unknown menopausal status (N=15), and those who died of cancer without a specific cancer
diagnosis (N = 138), or were lost to follow-up (N = 5) were excluded; a total of 70,259
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women were included in our analysis. This study was approved by the Institutional Review
Boards of all relevant institutions in both the People’s Republic of China and the United
States (US). All participants provided informed written consent.

Statistical Analysis

Results

Cox proportional hazards regression was used to derive hazard ratios (HRs) and 95%
confidence intervals (Cls) for associations between ovarian cancer risk and contraceptive
methods. For regression models, participant age was used as the time scale, with entry at age
at recruitment, and exit at age of cancer diagnosis or else censored at the date of death or last
contact (truncated at December 31, 2011) for non-cases. Validity of proportional hazards
assumptions was examined by visual inspection of log (-log of the estimated survivor
functions) versus log (time) plots as well as formal tests of interactions with time.
Contraceptive methods evaluated in this study included IUD, OC, TL and contraceptive
shots; ever use was compared to never use. Durations of exposure time were calculated as
the interval between start and end of use, except for TL and IUD where removal had not
occurred by baseline interview. For TL, exposure durations ended at age at menopause for
postmenopausal women and at age 53 (mean age at menopause plus one standard deviation)
for premenopausal women. For 1UD durations where removal had not occurred prior to
interview, duration stopped at age at interview plus two years for postmenopausal women,
or age 53 for women premenopausal at interview. Had exposure time been defined as the
duration to disease diagnosis for cases and the duration to the end of follow-up for controls,
differential misclassification could have resulted in biased estimates of associations with
contraception durations. Durations of use were dichotomized at the median values among
controls; IUD use was further categorized by quartiles among controls. Cut-points were
rounded to the nearest whole numbers. In regression models, factors evaluated as potential
confounders included age at recruitment, education, years of ovulation, irregular ovulatory
cycles (yes/no), first-degree family history of cancer (yes/no), body mass index (BMI),
regular physical activity within 5 years (yes/no) and other contraceptive methods (never/
ever). Total years of ovulation was calculated by subtracting age at menarche from either
age at exit time (if premenopausal) or age at menopause (if postmenopausal), and then
subtracting the total time spent pregnant, using oral contraceptives, and 55% of the time
spent breastfeeding.20 In addition, analyses stratified by potential effect measure modifiers
were conducted; interactions were evaluated with the likelihood ratio test. Histologic
subtype was our a priori potential effect modifier; differences by parity were also examined
based on our evaluation of the data. Histologic subtype was determined by ICD-O
morphology code, and dichotomized as either serous or non-serous; cases with unknown
histologic subtype (N=48) were excluded from these stratified analyses. The preventive
fraction (PF) of ovarian cancer cases was calculated as (1-incidence in whole population/
incidence in unexposed population). All analyses were performed using SAS version 9.3
(SAS Institute, Cary, NC) and used a two-sided probability with a significance level of 0.05.

As shown in Table 1, 174 epithelial ovarian cancer cases occurred among 70,259 women
after a total follow-up time of 888,258 person years (mean follow-up per person: 12.6 years,
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standard deviation (SD): 2.3). Ovarian cancer cases were diagnosed after a mean follow-up
time of 6.5 years; these cases had a mean survival time of 4.2 years (data not shown).
Distributions of demographic and selected ovarian cancer risk factors were found to differ
between cases and non-cases; compared to non-cases, ovarian cancer cases were less likely
to have a history of irregular ovulatory cycles (P=0.04), and more likely to have a later age
at menopause (P=0.03) and longer duration of total years of ovulation (P=0.03).

The majority of women in the SWHS had ever used any contraception (77.0%), including
IUD use (55.6%), OC use (20.4%), TL (14.7%), and contraceptive shots use (2.6%). Modes
of contraceptive use were found to differ by age and parity among women in the SWHS
(Figure 1). Younger women (40-49 years old at recruitment) or uniparous women had the
highest prevalence of contraceptive use; IUD was the most frequent contraceptive method
ever used (prevalence rates of 68.4% and 64.3%, respectively). Among middle age women
(50-59 years old at recruitment), oral contraceptives were the most frequent contraceptive
method ever used (31.2% prevalence). Among older women (60-70 years old at
recruitment) and multiparous women, TL was the most frequent contraceptive measure
(prevalence rates of 37.7% and 32.8%, respectively).

Associations between contraceptive use and ovarian cancer risk among all women are
shown in Table 2. Ever use of any contraception was associated with a non-significant
reduction in ovarian cancer risk (HR: 0.86, 95% CI: 0.60-1.24). Durations of use,
dichotomized at the median among controls, were also compared to never users, except for
contraceptive shots which had a very low prevalence rate and resulted in unstable estimates.
Durations of contraception use longer than the median (20 years) also had a non-significant
reduction in ovarian cancer risk (HR: 0.84, 95% CI: 0.50-1.42). A significant decreasing
trend in ovarian cancer risk was found for women with increasing durations of IUD use (P-
value for trend=0.04). Compared to never users, women with durations of IUD use longer
than the median (20 years) were 38% less likely to develop ovarian cancer (HR: 0.62, 95%
Cl: 0.40-0.97). Women with durations of OC use longer than the median (2 years) also
tended to have a decreased ovarian cancer risk (HR: 0.72, 95% ClI: 0.38-1.36), although this
association was not significant.

Given our high prevalence of IUD use, a more thorough exploration of the association
between years of IUD use and ovarian cancer risk was conducted (Table 3). Associations
among IUD users also indicated that women with longer durations of IUD use had lower
risk of ovarian cancer (P-value for trend=0.01). Compared to women with less than 12 years
of use, women with more than 24 years of IUD use were 44% less likely to develop ovarian
cancer (HR: 0.56, 95% CI: 0.33-0.93). IUD removal status among 1UD users at interview
was also evaluated; a significant risk reduction was only evident for women whose IUD was
present (HR: 0.55, 95% CI: 0.35-0.88). This finding was unaltered when non-users were
included as the reference group; ovarian cancer risk only reduced among women with 1UDs
not removed by baseline interview (data not shown).

To examine if these associations differed by histologic subtype, stratified analyses were
conducted for serous and non-serous ovarian cancers; cases with unspecified histologic
subtype were excluded. The only significant interaction by histologic subtype was for
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contraceptive shots, where estimates were imprecise due to a low prevalence of the
exposure. Additional analyses were also conducted to examine effect modification by parity,
however, our power was lacking, due to the small sample size of uniparous cases who had
ever had TL (N=1). Sensitivity analyses were conducted to evaluate the robustness of our
findings by excluding women who had a history of infertility (N=372), had never been
pregnant (N=1,810) or who had reasons for cessation of menstruation other than naturally
occurring menopause (N=2,102); results from these analyses yielded very similar
associations as those found among all women (data not shown). In addition, analyses
excluding women with 1UDs not removed by baseline interview (N=23,021) were
conducted; the protective association between ovarian cancer risk and longer duration of
IUD use was attenuated (HR: 0.80, 95% CI: 0.48-1.31). Notably, these findings were
markedly different as the median duration of 1UD use decreased from 20 to 10 years, and 43
cases were excluded from analysis. Finally, validity of the proportional hazards assumptions
was evaluated; only whether or not IUD was removed was found to significantly interact
with time (P-value=0.01).

Discussion

To the best of our knowledge, this is the first prospective cohort study examining the
associations between contraceptive use and ovarian cancer risk among Asian women. We
found that longer duration of IUD use was associated with lower risk of ovarian cancer in
our study population of 70,259 women followed for a mean of 12.6 years, and that this result
did not substantially differ by histologic subtype. Based on a preventative fraction of 9.3%,
which was estimated as (1-incidence of ovarian cancer in all participants (174/70259) /
incidence in women without long-term IUD (no longer than the median) use (134/49062)),
we estimated that approximately 16 (preventative fraction (9.3%) times the total number of
cases (174)) ovarian cancer cases were prevented by long-term IUD use in the Shanghai
Women’s Health Study. Notably, modes of contraceptive use were found to differ by age
and parity among women in the SWHS. This is in general agreement with the changes in
family planning that occurred in China over the last forty years,18:21 and indicates that
findings from studies on contraceptive measures or reproductive factors and women’s health
outcomes among Chinese study populations should consider possible resulting effects.

IUD use is the most common contraceptive method in China. The prevalence rate of IUD
use among married women of reproductive age in China reached 48.2% in 2010,18 and
Chinese women comprise nearly two-thirds of the IUD users worldwide.22 Further, lUD use
among Chinese women has been shown to be long; a cross-sectional survey found that more
than 50% of postmenopausal 1UD users had durations of use of more than 20 years.?3 The
underlying biologic mechanisms of IUD on ovarian cancer risk remain unclear, but a
lowered ovarian cancer risk related to IUD use has been reported by several case-control
studies conducted among Asian women.24-27 While our analysis for ever versus never IUD
use did not reach statistical significance, we did find that longer duration of IUD use was
associated with lower ovarian cancer risk. This finding is inconsistent with a prior report
from the SWHS that found no association between 1UD use and ovarian cancer risk.28
However, the earlier analysis was based on 94 ovarian cancer cases with 7.5 years of follow-
up, and dichotomized duration of use at 14 years. With nearly double the cases and follow-
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up time, the current report has considerably greater power to detect an association, should it
exist, and found an association among women with more than 20 years of use. The current
finding is also inconsistent with results from the US Nurses’ Health Study (NHS), which
reported that ever use of IUD was associated with an elevated ovarian cancer risk (RR =
1.76, 95% CI: 1.08, 2.85).16 However, no information on the duration of IUD use was
included in this report, and the prevalence of 1UD use in this US study population was very
low (2.9%). It is also possible that the relation between 1UD use and ovarian cancer risk
differs by the type of IUD, as the mechanism of how IUD prevents pregnancy varies by IlUD
type.29 Most IUD use in our study population was from 1975 to 1990; about 90% of IUD
use during this period in China was the stainless steel ring (SSR) 1UD.3% Most IUD use in
the Nurses’ Health Study was in the 1970s-1980s,16 when the malleable polyethylene
plastic Dalkon Shield 1UD was the most common model in the US.3! The Dalkon Shield
IUD was later found to cause numerous negative health effects including bleeding, pelvic
inflammatory disease and infertility due to its flawed design, which included a multifilament
string.3 Given that inflammation may contribute to ovarian cancer tumorigenesis and
progression,32 the elevated risk observed in the US Nurses’ Health Study may be due to the
high prevalence of Dalkon Shield use among IUD users, and the high inflammatory rate
caused by it.33 It is worth noting that after the SSR was proved to have a high failure rate of
preventing pregnancy, copper-bearing 1UDs replaced SSRs and became the dominant IUD
used in China since the 1990s.34 Thus, the association of 1UD use with ovarian cancer risk
in the current study may not translate to the long-term effects of 1UDs that are currently used
in China. Finally, in the current study, a reduced risk of ovarian cancer was found only
among women without IUD removal by baseline. This may be due to the difference in mean
duration of use between women with I[UDs removed and present at interview (10 vs. 25
years; p<0.01). Thus, differences in the duration of IUD use may also contribute to
differences in associations with ovarian cancer risk across different study populations.
Further research on the underlying biologic mechanisms between use of different IUD types
and ovarian cancer risk is needed.

OC use is a well-known protective factor for ovarian cancer.!! Biologic mechanisms
underlying this association include the reduction in number of lifetime ovulations and the
elimination of the midcycle surge of luteinizing hormone during use.12 OC use reduces
ovarian cancer risk in a duration-dependent manner: the benefit is more pronounced among
women with long-term use,16:35 the effect lasts for 2030 years after cessation of use,3% after
which attenuation of the benefit occurs.1® In the current study, we did not find a significant
association between ever OC use or long duration of OC use and ovarian cancer risk. This is
in agreement with other case-control studies conducted among Chinese or Asian
women.26:27.37.38 The prevalence rate of OC use in China has remained relatively low, as
compared to the rest of the world.18 Only 20.4% participants in our study had ever used OC,
and only 24.5% of the users had more than 5 years duration of use; this resulted in a very
low prevalence of long-term OC users (5.0%) in our study population. Further, given that
OC use usually occurs during early reproductive years,18 our older study population (mean
age at recruitment: 52.5 years) resulted in a long duration since cessation of use (mean
duration since last use: 31.9 years). Because of the low prevalence rate of long-term OC use
and long duration since cessation of OC use in our study population, the protective effect
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from OC may be too small to detect or else already attenuated by the time of recruitment,
thus prohibiting us from exploring the association between OC and ovarian cancer risk in
this study population.

TL was a dominant contraceptive method in China in the 1980s (35% prevalence rate), but
its prevalence has gradually declined (26.6% in 2010). Moreover, the prevalence of TL
varies by geographical region; the overall prevalence is lower in urban areas than rural areas
(15.2% versus 38.0%), and lower in eastern regions than central or western regions (10.9%
versus 19.5% or 49.4%, respectively).18 The prevalence of TL in our study population,
women from Shanghai, a large eastern city of China, was 14.7%. A number of studies have
reported that TL decreases the risk of developing ovarian cancer, including case-control
studies conducted among Asian women.26:27:37 A recent pooled analysis of data from 13
studies from the Ovarian Cancer Association Consortium also found a significant protective
effects for TL; this was strongest for the invasive endometrioid histologic subtype.3°
Proposed biological mechanisms for the reduction in risk include limiting the ascension of
inflammatory agents or retrograde menstruation.*? In the current study, we did not find a
significant association between either TL or time since TL and ovarian cancer risk.

The primary limitation of our study is the relatively small number of ovarian cancer cases
that occurred in our study population. This is because China has a low incidence of ovarian
cancer (3.8/100,000, compared to 6.3/100,000 worldwide in 2008).41 With only 174 ovarian
cancer cases, our analyses stratified by histologic subtype were limited to dichotomizing into
serous and non-serous, and excluding unknown and unspecified cancer types. Another
limitation is that information on contraception use was only collected at baseline interview;
updated information on 1UD removal will be solicited in a future SWHS questionnaire.
Additional limitations include the low prevalence of contraceptive shots and TL, long-term
OC use, and the long duration of time since cessation of OC use; this prohibited us from
fully exploring these associations. Finally, condom use was not included in our original
questionnaire, nor was it included in the analyses of any contraception use. Given that
condom use has not been reported to be associated with ovarian cancer risk, and that the
prevalence of condom use among Chinese women was previously found to be low (2.35% in
1980),18 we believe that condom use would not likely alter our results on the association
between “ever-use of any contraception” and ovarian cancer risk. Strengths of this study
include a large-scale population based prospective study design, and that contraceptive
information was collected before ovarian cancer occurred, avoiding the issue of differential
recall bias. Further, the high prevalence and long-term use of IUD among Chinese women
provided a unique opportunity to examine these associations.

In summary, we found a strong reduction in ovarian cancer risk among women with long-
term IUD use in a prospective cohort study of Chinese women. This association occurred
only among women with 1UDs present at baseline interview. The high prevalence of long-
term 1UD use and the associated strong protective effect may contribute to the low incidence
of ovarian cancer observed in China. Notably, these findings may not be generalizable to
other populations, as the prevalence of IUD use and types of IUD commonly in use differ by
geographic location and time. An additional implication of this research is that very large
study populations, with very long durations of follow-up are needed in order to fully
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characterize the effects of contraceptive measures and ovarian cancer risk; research on the
underlying biologic mechanisms of how different types of IUD influence ovarian cancer risk
and whether these associations differ by ovarian cancer subtypes is also recommended.
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Women in China have a high prevalence of long-term contraception use that includes
intrauterine device (IUD) use and tubal ligation (TL). Results from a large prospective
study of Chinese women indicate that women with durations of IUD use longer than the
median (20 years) had significantly lower ovarian cancer risk. High prevalence of long-
term IUD use may contribute to the low incidence of ovarian cancer in China.
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Figure 1.
A. Contraceptive methods ever used, by age at recruitment, the Shanghai Women’s Health

Study
B. Contraceptive methods ever used, by number of live births, the Shanghai Women’s
Health Study
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Table 1
Demographic and selected ovarian cancer risk factors among participants; the Shanghai Women’s Health
Study

Characteristics Cases” Non-Cases” | P**
Participants (N) 174 70085 -
Total person-years 1132.4 887126.0 -
Age at recruitment 52.6+8.7 52.5+9.1 | 0.90
Education

Elementary School or below 40 (23.0%) 15074 (21.5%)

Junior high shool 59 (33.9%) 26179 (37.4%) | 0.83

High School 51 (29.3%) 19504 (27.8%)

College or above 24 (13.8%) 9315 (13.3%)
Ever married 173 (99.43%) | 69480 (99.12%) | 1.00
Age at menarche 14.9+1.7 14.9+1.7 | 0.63
Ever had irregular ovulatory cycles 5 (2.9%) 4688 (6.7%) | 0.04
History of infertility 3 (1.7%) 362 (0.5%) | 0.06
Ever pregnant 167 (96.0%) 68297 (97.5%) | 0.22
Ever had a live birth 167 (96.0%) 67873 (96.8%) | 0.51
Ever had an abortion 89 (51.2%) 40973 (58.5%) | 0.05
Ever had a miscarriage 27 (15.5%) 8347 (11.9%) | 0.14
Ever had salpingocyesis or ectopic pregnancies 3(1.7%) 702 (1.0%) | 0.25
Number of pregnancies 2.8+1.5 2.8+1.5 | 0.89
Number of live births 1.8+1.3 1.8+1.2 | 0.97
Premenopausal 87 (50.0%) 36653 (52.3%) | 0.54
Age at menopausel 50.1+3.4 49.2+3.7 | 0.03
Total weeks of pregnancies 77.7450.4 78.2+49.8 | 0.88
Total months of breastfeeding 16.0+20.0 15.6+18.4 | 0.78
Total years of ovulation 29.5+4.8 28.7+5.0 | 0.03
Ever used hormone replacement therapy (HRT) 3(1.7%) 1154 (1.7%) | 0.77
First-degree family history of cancer 50 (28.7%) 18443 (26.3%) | 0.47
Family history of breast cancer or ovarian cancer 4 (2.3%) 1473 (2.1%) | 0.79
Exercised regularly in past 5 years 60 (34.5%) 24372 (34.8%) | 0.94
Ever smoked regularly 8 (4.6%) 1951 (2.8%) | 0.16
Ever drank regularly 5 (2.9%) 1585 (2.3%) | 0.60
Ever drank tea regularly 53 (30.5%) 20946 (29.9%) | 0.87
BMI 24.4+3.8 24.0£34 | 0.15

1 .
Among women with natural menopause

*
n (%) for categorical variables or mean + sd for continuous variables

*%

P-values derived from xz or exact tests for categorical variables or t-tests for continuous variables
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