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Background: Oral contraceptive (OC) use is associated with
a reduced risk of developing ovarian cancer, but the mecha-
nism for the risk reduction has not been well defined. In this
study, we investigate the relationship between the progestin
and estrogen potency in combination OCs and the risk of
developing ovarian cancer. Methods: The study included 390
case subjects with epithelial ovarian cancer and 2865 control
subjects, between 20 and 54 years of age, identified from the
Cancer and Steroid Hormone Study. Logistic regression was
used to calculate odds ratios (ORs) and 95% confidence in-
tervals (CIs) for the associations between ovarian cancer risk
and combination OC formulations while controlling for po-
tential confounders. All statistical tests were two-sided. Re-
sults: With users of high-progestin/high-estrogen potency
OC as the referent group, users of low-progestin/high-
estrogen potency formulations (adjusted OR = 2.1; 95% CI
= 1.2 to 3.7) and low-progestin/low-estrogen potency formu-
lations (adjusted OR = 1.6; 95% CI = 0.9 to 3.0) had a higher
risk of ovarian cancer than users of high-progestin/high-
estrogen potency formulation. Low-progestin potency OC
formulations were associated with a statistically significant
higher risk than high-progestin potency formulations (ad-
justed OR = 2.2; 95% CI = 1.3 to 3.9). This association was
seen even among users of short duration. Conclusion: The
combination OC formulations with high-progestin potency
appear to be associated with a greater reduction in ovarian
cancer risk than those with low-progestin potency. Mecha-
nisms underlying this reduction may include inhibition of
ovulation and/or some direct biologic effects of the progestin.
[J Natl Cancer Inst 2002;94:32–8]

Along with parity, oral contraceptive (OC) use has consis-
tently been associated with a decreased risk of ovarian cancer
(1,2). Three or more years of OC use reduces the risk of devel-
oping epithelial ovarian cancer by 30%–50% (1,3–5). The asso-
ciation increases with the duration of use and appears to be
independent of inherent ovarian cancer risk (1,6,7).

The mechanisms underlying this marked reduction have not
been well defined. However, it is commonly believed that ovu-
lation, with its associated disruption and subsequent repair of the
ovarian epithelium, can lead to the acquisition of genetic damage

in ovarian epithelial cells and, in turn, to ovarian cancer in
susceptible individuals (8–10). The “incessant ovulation” hy-
pothesis for ovarian cancer is supported by a large volume of
epidemiologic evidence linking ovulation with ovarian cancer
risk (1,5,6,8,11–16) and by the finding that spontaneous ovarian
cancers arise frequently in poultry hens, which ovulate daily (17).

Under the incessant ovulation model, reproductive and hor-
monal factors, such as OC use and pregnancy, have been pre-
sumed to alter ovarian cancer risk mainly via their impact on
ovulation. Although this hypothesis is attractive, it fails to com-
pletely explain the observed differences in the degree of ovarian
cancer risk reduction associated with various factors, such as
pregnancy, OC use, breast-feeding, and age at menarche, that
would be expected simply on the basis of the number of ovula-
tory cycles that are inhibited (1,6). In addition, pregnancy is
associated with a reduced risk of ovarian cancer, even in women
who are known to have ovulatory dysfunction and among those
for whom the pregnant state has little impact on the number of
lifetime ovulatory cycles (18). Some studies (19,20) have re-
ported a relationship between increasing risk of epithelial ovar-
ian cancer and increasing time since last birth. These data sup-
port the hypothesis that hormonal factors impact ovarian cancer
risk through additional biologic mechanisms unrelated to ovu-
lation inhibition (21).

Recently, a 3-year study in primates demonstrated that the
progestin component of an OC has a potent apoptotic effect on
the ovarian epithelium, providing support for the hypothesis that
OCs may lower ovarian cancer risk via induction of cancer-
preventive molecular pathways in the ovary (22). Eighty cyno-
molgus macaques were randomly allocated into one of four
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groups, including a control group, a group treated with the OC
Triphasil (which contains the estrogen ethinyl estradiol and the
progestin levonorgestrel), and one group each treated either with
ethinyl estradiol or levonorgestrel alone on the same dosage and
schedule as those animals receiving Triphasil. At trial comple-
tion, examination of the ovaries revealed a striking and statisti-
cally significant increase in the percentage of apoptotic ovarian
epithelial cells of monkeys treated with Triphasil (14.5%) or
levonorgestrel (24.9%) as compared with controls (3.8%) or
with monkeys treated with estrogen alone (1.8%). The apoptosis
pathway is one of the most important in vivo mechanisms for
eliminating cells that have sustained DNA damage and are thus
prone to malignant transformation (23). In addition, induction of
apoptosis is a biologic effect associated with many known
chemopreventive agents (24–31). The finding that progestins
activate this critical pathway in the ovarian epithelium raises
the possibility that progestin-mediated apoptotic effects, and
not solely ovulation inhibition as has been previously assumed,
may underlie the reduction in ovarian cancer associated with
routine OC use. Consistent with these findings, a review and
reanalysis of the literature by Risch (32) supported the theory
that progesterone may render a protective effect on ovarian can-
cer risk. If this hypothesis is correct, then it is possible that OC
formulations that have greater progestin potency may confer
greater ovarian cancer protection than OC formulations contain-
ing weak progestins.

Only a few case–control studies (3,5,33,34) have attempted to
examine the relationship between use of specific OC hormonal
formulations and ovarian cancer risk. Overall, these studies have
shown that combination estrogen–progestin OCs are associated
with a reduced risk of ovarian cancer. However, none was able
to demonstrate that there was a relationship between hormone
potency and this protective effect. Each of these studies has had
methodologic limitations, which may have affected their ability
to detect meaningful differences in protective efficacy between
different OC formulations. An initial analysis of the Cancer and
Steroid Hormone (CASH) Study attempted to characterize the
protective effect of specific OC formulations on ovarian cancer
risk (5). All of the formulations examined appeared to be asso-
ciated with a reduced risk. However, OC formulations were not
categorized according to the potency, or dosages, of estrogen
and progestin and there were too few cases of each formulation
to detect differences. Similarly, Rosenberg et al. (3) suggested a
protective effect of progestogen-only contraceptives but did not
calculate odds ratios (ORs) for different OC formulations be-
cause of the small number of women taking any given formu-
lation. Rosenblatt et al. (33) reported a somewhat lower risk
reduction associated with low- versus high-potency OC formu-
lations, but the differences were small and could have occurred
by chance. In addition, OC formulations were ranked as low
versus high potency solely on the basis of the estrogen compo-
nent, with no consideration of the progestin component. Finally,
a recent study by Ness et al. (34) suggested that there were no
differences in the risk reduction associated with OCs of varying
estrogenic and progestin potencies. To our knowledge, this was
the largest study, to date, for which hormone potency was taken
into account (34).

In this study, we examine the relationship between progestin
and estrogen potency and the risk of epithelial ovarian cancer in
a reanalysis of the CASH Study data. In this article, consider-
ation is given to the associations with combined estrogen and

progestin OCs according to the relative potency of each formu-
lation’s subcomponents. Unlike the prior analysis of the CASH
Study data, formulations have been categorized and combined
according to hormonal potency to have sufficient power to per-
mit the detection of differences in various OC formulations and
their association with a reduction in ovarian cancer risk.

MATERIALS AND METHODS

Study Subjects

Details of the CASH Study have been described previously
(35). The ovarian cancer case subjects in this article include
patients, 20–54 years of age, diagnosed with epithelial ovarian
cancer from December 1, 1980, through December 31, 1982,
who participated in the CASH Study. Incident cases of histo-
logically confirmed ovarian cancer were identified from eight
population-based tumor registries of the Surveillance, Epidemi-
ology, and End Results (SEER)1 Program, including the metro-
politan areas of Atlanta, GA, Detroit, MI, San Francisco, CA,
and Seattle, WA; the states of Connecticut, New Mexico, and
Iowa; and four urban counties of Utah. Of the 816 women who
were identified as eligible ovarian cancer subjects, 579 (71%)
were interviewed. Because of known epidemiologic differences
in epithelial versus nonepithelial ovarian cancer, the current
analysis was restricted to women classified as having epithelial
tumors. At the time of patient accrual for the CASH Study, an
expert panel of three pathologists reviewed histologic material
from 449 of the epithelial ovarian cancer subjects. Because the
classification of tumors as epithelial versus nonepithelial by the
panel agreed closely with the original classification by the local
pathologists at the time of diagnosis, the classification by the
local pathologists was used whenever histologic materials were
not available to the panel. Women diagnosed with ovarian can-
cers of low malignant potential were included in the current
study. Previous reports have shown that OC use is associated
with a risk reduction for both invasive cancers and tumors of low
malignant potential (36,37). Information on the subject’s tumor
behavior, invasive versus low malignant potential, was available
for only the 449 subjects who were reviewed by the three study
pathologists. Thus, 324 women with invasive ovarian cancer,
123 with tumors of low malignant potential, two with carcinoma
in situ, and 44 for whom tumor behavior was unknown were
considered for inclusion in the analysis, for a total of 493 women
diagnosed with epithelial ovarian cancer available in the CASH
Study.

Control subjects were aged 20–54 years, had resided in the
same eight geographic locations as the case subjects, and were
recruited through random-digit telephone dialing. Of the 5698
women selected as control subjects, 4754 (83%) agreed to par-
ticipate. The control group was restricted to women who were at
risk for a first primary ovarian cancer at the time of the inter-
view. Thus, 711 women were excluded because of a history of
bilateral oophorectomy, a prior history of ovarian cancer, or
uncertainty regarding prior oophorectomy, leaving 4043 control
subjects.

In this study, we limited OC users to women who used com-
bination OC pills (containing both an estrogen and a progestin
for 21 days each month). Excluded from the analysis were
women who did not know if they had ever used OCs for 3 or
more consecutive months (two ovarian cancer case subjects and
10 control subjects), those who had used an unknown type of OC
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pill (51 ovarian cancer case subjects and 473 control subjects),
those who did not know the dose of an OC that they had used
(12 ovarian cancer case subjects and 193 control subjects), and
those who used a sequential OC (estrogen-only formulation for
the first 14–16 days, followed by combination of estrogen and
progestin for 5–6 days) (seven ovarian cancer case subjects and
111 control subjects). Women taking sequential OCs were ex-
cluded, since the hormone schedule of these formulations is
much different than that of combination OCs. In addition, we
excluded women who used progestin-only OCs (one case sub-
ject and seven control subjects).

Up to seven OC episodes were recorded among subjects clas-
sified as users. Each OC episode was categorized according to
progestin and estrogen potency, either low or high, according to
the scheme described below. Among those who were classified
as OC users, only subjects who had a single OC episode or
multiple episodes with all OC episodes being from the same
hormone-potency category were retained for analysis purposes.
In other words, women who used OCs from more than one
potency category were excluded. Altogether, there were 390
epithelial ovarian cancer case subjects and 2865 control subjects
available for the analysis.

Data Collection and Analysis Variables

A standardized questionnaire was administered in the home
of each study participant. Women who reported three or more
consecutive months of OC use were categorized as ever users
and women who used OCs for less than 3 months were classified
as nonusers. Detailed information on the formulations used was
collected from all of the women who reported having used OCs
for 3 or more consecutive months. A life calendar (a calendar on
which to record major life events around which contraceptive
use might be better remembered) and color photographs of OC
packages were used to help women recall their contraceptive use
up to the time of diagnosis (for case subjects) or the date of the
interview (for control subjects).

Additional questionnaire items included socioeconomic in-
formation, age at menarche and menopause, use of other hor-
mones, infertility (defined as failure to conceive after 2 years
that was determined by a physician to be because of a problem
in the woman or both the woman and her partner), number of
pregnancies 6 or more months in duration, history of breast-
feeding, medical history, and family history of cancer. Reference
age was defined as age at diagnosis for women diagnosed with
ovarian cancer and age at interview for control subjects.

Strategy for Classifying OC Hormonal Potency

Each OC used by the study participants was classified ac-
cording to estrogen and progestin potency. Using the categori-
zation described in a standard pharmacy reference text, progestin
potency was based on delay of menses and glycogen incorpo-
ration in human endometrial vacuoles tests (38,39). For our
analyses, OCs classified by the standard text in the low- and
intermediate-progestin potency categories were combined into
the low-progestin potency category, and the remainder were
classified as high potency. For estrogen potency, it was assumed
that ethinyl estradiol is twice as potent as mestranol (40). OC
formulations containing 35 �g or less of ethinyl estradiol or its
equivalent were categorized as low-estrogen potency, and the
remainder were classified as high potency. Therefore, each OC
formulation was placed in one of four categories: high progestin/

high estrogen, high progestin/low estrogen, low progestin/high
estrogen, or low progestin/low estrogen (Table 1). The high-
potency progestin formulations reported by subjects in Table 1
were first released on the market between 1960 and 1970, with
the majority from the period 1966 through 1970 (Demulen;
Ovulen; Ovral; Enovid, 10 mg; and Provest) (41). Similarly,
among the low-potency progestin formulations, the year of re-
lease on the market ranged from the period 1962 through 1975,
the majority of which were released from the period 1962
through 1968 (i.e., Enovid, 5 mg; Enovid-E; Norinyl 1 + 80;
Ortho-Novum 1/80; Norinyl , 2 mg; Ortho-Novum,
2 mg; Norlestrin, 1 mg; Norlestrin, 2.5 mg; Norinyl 1 + 50;
Ovral var brown; and Ovral var blue) (41).

Statistical Analysis

Pearson chi-square tests were used to identify statistical dif-
ferences between case and control groups for dichotomous vari-
ables and nonordinal categorical variables. The extended Mantel–
Haenszel chi-square test was used to identify differences
between case and control groups for ordinal categoric variables.
Student’s t tests were used to compare differences between
groups for continuous variables. Unconditional logistic regres-
sion was used to calculate ORs and 95% confidence intervals
(CIs). When assessing the impact of various potency categories
of OC formulations relative to nonusers, the potential confound-
ers (reference age, total months or duration of OC use, time since
first use or latency of OC use, diabetes, number of pregnancies
>6 months, race, infertility, and years of education) were in-
cluded one at a time in the logistic model and tested to see if they
had an impact on the point estimates of the ORs. Those variables
causing a 10% change in any of the ORs were included in the
final models. In addition, duration of OC use was added to
logistic models when comparing various categories of OC for-
mulations with each other. All statistical tests were two-sided.

RESULTS

The frequency distribution of the episodes of use among the
various OC formulation categories for the women in the study is
shown in Table 1. Although the analysis was limited to those
women who used OCs from one potency category, individual
subjects included in this analysis used up to five different types
or brands within the same potency category of OCs.

No significant differences were found in the reference age or
the age at menarche between case and control subjects (Table 2).
The mean age at diagnosis for women with ovarian cancer was
43.8 years (standard deviation [SD] � 8.9 years), while the
mean age at interview for the control subjects was 44.1 years
(SD � 8.2 years). The mean age of menarche was 12.7 years for
both the case and control groups, respectively. However, com-
pared with control women, women with epithelial ovarian can-
cer were more likely to be white, to have 12 or fewer years of
education, to have undergone natural menopause versus surgical
menopause, and to report having infertility. In addition, the
women diagnosed with ovarian cancer had fewer pregnancies
and were more likely to report a family history of breast or
ovarian cancer in a first-degree relative.

Crude and adjusted ORs for the relationship between ovarian
cancer risk and use of OCs according to each potency category
as well as any prior use of OCs are presented in Table 3. Using
high-progestin/high-estrogen potency OC users as the referent
group and controlling for the effect of age, number of pregnan-
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cies, and duration and latency period of OC use, the associations
suggested that low-progestin/high-estrogen potency formula-
tions (adjusted OR � 2.1; 95% CI � 1.2 to 3.7) and low-
progestin/low-estrogen potency formulations (adjusted OR �
1.6; 95% CI � 0.9 to 3.0) are less protective than high-
progestin/high-estrogen potency formulations. Nonusers of OCs
were more likely to develop ovarian cancer than high-progestin/
high-estrogen potency OC users (OR � 2.9; 95% CI � 1.8 to
4.5) controlling for age and number of pregnancies. In addition,
nonusers of OCs were more likely to develop ovarian cancer
compared with any potency category of OC users.

Collapsing the data over estrogen potency category and con-
trolling for the effect of estrogen potency, age, the number of
pregnancies, and duration and latency period of OC use, low-
progestin potency OC formulations were associated with a sig-
nificantly lower protective effect than high-progestin formula-
tions (adjusted OR � 2.2; 95% CI � 1.3 to 3.9) (Table 3). The
relative protective effect of high-potency progestin OCs com-
pared with low-potency progestin OCs remained consistent
when the data were stratified according to parity (parous versus
nulliparous), menopausal status (premenopausal versus post-
menopausal), and tumor behavior (borderline versus malignant)
(data not shown). However, the number of subjects in these

subcategories who used high-potency progestins was small, pro-
ducing unstable estimates. Comparison of the relationship be-
tween high- and low-estrogen potency formulations and the risk
of ovarian cancer, while controlling for progestin potency, age,
number of pregnancies, and duration and latency period of OC
use, suggested no effect of estrogen potency on ovarian cancer
risk, with the risk reduction due to low-potency estrogen formu-
lations similar to that of high-estrogen potency formulations
(adjusted OR � 0.7; 95% CI � 0.4 to 1.2) (Table 3).

Further analysis of the association between progestin and
estrogen potency and ovarian cancer risk, according to the du-
ration of OC use (3–18 months, 19–59 months, and �60 months
versus nonusers as the referent), is reported in Table 4. For both
high- and low-progestin potency formulations, there was a trend
toward an increased protective association with increased dura-
tion of use. The results revealed that the protective association of
high-potency progestin formulation was greater than low-
potency formulations within each category for duration of use,
although the CIs overlapped. Among users of high-potency pro-
gestin formulations, a statistically significant and markedly re-
duced risk of ovarian cancer was observed among all categories
of duration of use, even among women reporting 3–18 months of
OC use (OR � 0.4; 95% CI � 0.2 to 0.8). For the low-potency

Table 1. Oral contraceptive (OC) formulation classifications and frequency distributions of episodes of OC use in the Cancer and Steroid Hormone Study*

OC formulations† Progestin, mg Estrogen, �g

Frequency‡

No. of case subjects No. of control subjects

High progestin/high estrogen
Demulen; Ovulen 50 ED, 1.0 EE, 50 5 50
Ovulen ED, 1.0 ME, 100 6 163
Enovid, 10 mg NEL, 10.0 ME, 150 2 8
Ovral NO, 0.5 EE, 50 10 140
Provest MPA, 10.0 EE, 50 1 2

High progestin/low estrogen
Norinyl, 10 mg; Ortho-Novum, 10 mg N, 10.0 ME, 60 0 17

Low progestin/high estrogen
ORF 1557-BA N, 0.5 EE, 50 0 1
Ovcon 50 N, 1.0 EE, 50 0 6
Norinyl 1 + 80; Ortho-Novum 1/80 N, 1.0 ME, 80 17 182
Norinyl, 2 mg; Ortho-Novum, 2 mg N, 2.0 ME, 100 13 135
Norlestrin, low dose NA, 0.5 EE, 50 1 4
Norlestrin, 1 mg NA, 1.0 EE, 50 5 30
Norlestrin, 2.5 mg NA, 2.5 EE, 50 3 22
Enovid-E NEL, 2.5 ME, 100 10 179
Enovid, 5 mg NEL, 5.0 ME, 75 5 50

Low progestin/low estrogen
Ovcon 35 N, 0.4 EE, 35 0 0
Brevicon; Modicon; ORF 1557-BE N, 0.5 EE, 35 6 86
Brevicon (1 + 35); Neocon; ORF 1557-BF N, 1.0 EE, 35 0 1
Norinyl 1 + 50; Noriday; Ortho-Novum 1/50 N, 1.0 ME, 50 23 217
Norlestrin var blue NA, 0.6 EE, 30 0 1
Loestrin 1/20 NA, 1.0 EE, 20 0 12
Loestrin 1/20; Zorane 1.5/30 NA, 1.5 EE, 30 1 9
Norlestrin var green
Ovral var brown NO, 0.2 EE, 15 0 0
Ovral var blue NO, 0.2 EE, 30 1 3
Lo/Ovral NO, 0.3 EE, 30 5 52

Total 1280 114

ED � ethynodiol diacetate; EE � ethinyl estradiol; ME � mestranol; NEL � northynodrel; NO � norgestrel; MPA � medroxyprogesterone acetate; N �

norethindrone; NA � norethindrone acetate.
†The use of brand names is for identification purposes only and does not imply endoresement by the Centers for Disease Control and Prevention or the U.S.

Department of Health and Human Services.
‡Frequency represents the number of OC use episodes of a particular OC. Each OC user had up to five episodes of OC use, with each episode potentially involving

a different brand of OC. Thus, the total of 1280 episodes among control subjects and 114 among case subjects is greater than the number of study subjects who used
OCs (104 case subjects and 1154 control subjects).
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group, a marked reduced risk was apparent only for users for at
least 60 months. With regard to estrogen-formulation potency, a
similar but weaker trend was observed among high-estrogen
potency users compared with high-progestin potency users.
There was no consistent relationship among low-estrogen po-
tency users.

DISCUSSION

Our analyses of data from the CASH Study identified an
association consistent with a reduced risk of ovarian cancer
among users of all formulations of combination OCs, regardless
of the hormonal content or potency. When comparing OCs cat-
egorized by estrogen and progestin potency, our results provide
evidence that OC formulations with higher progestin potency
confer a greater reduction in risk of ovarian cancer than those

with lower progestin potency, irrespective of the estrogen con-
tent, duration of use, and latency. Analyses examining duration
of use demonstrate a statistically significant reduction in risk
associated with use of high-progestin OCs, even among women
who used them for a relatively short duration. Because all of the
OC formulations included in the analyses contained both pro-
gestin and estrogen, it is not possible to completely separate the
effects of the two hormones on ovarian cancer risk. The finding
that the degree of protection associated with OC use is related to
progestin potency is consistent with the hypothesis that direct
biologic effects related to the progestin component may be a
mechanism underlying the reduction in ovarian cancer risk as-
sociated with OC use.

Since some previously published data support that there is a
latency effect of OCs on the decreased risk of ovarian cancer
(3,33), one might hypothesize that our results were driven by a
greater latency period among high-potency progestin users com-
pared with low-potency progestin users. In fact, we found that,
in our data high-potency users had a shorter latent period of OC
use (age-adjusted mean � 13.4 years; SD � 3.9 years) than that
of low-progestin potency users (age-adjusted mean � 14.3
years; SD � 3.9) (P<.001). In addition, controlling for latency
did not appear to explain the differences we detected.

It has long been hypothesized that the protective association
between OC use and ovarian cancer is related to OC suppression
of ovulation, thereby reducing the amount of genetic damage to
the ovarian epithelium associated with ovulation. If this hypoth-
esis is correct, all combination estrogen/progestin OCs should be
equally protective against ovarian cancer, since they are all po-
tent inhibitors of ovulation. In addition, it might be anticipated
that the risk reduction afforded by a short course of OC use
would be low, but that it would increase in proportion to the
duration of use, as more ovulations are prevented. The results of
this study are inconsistent with the hypothesis that OC use is
associated with a risk reduction solely through ovulation inhi-
bition, in that we found that the protective association is influ-
enced by the progestin potency of the formulation. Moreover,
we found a protective association with use of high-progestin
potency OCs, even when used for only a short interval during
which few ovulatory cycles are inhibited. The findings sup-
ported the conclusions derived from a previous primate study in
which the progestin component of OCs was specifically noted to
activate chemopreventive molecular pathways in the ovarian
epithelium leading the authors to hypothesize that progestins
may be effective ovarian cancer preventives (22).

The results of a recent study by Ness et al. (34) are not
consistent with those of this article. In the former study (34),
which included 767 ovarian cancer case subjects and 1367 con-
trol subjects, the risk reduction associated with use of low-
estrogen/low-progestin pills was identical to that associated with
use of high-estrogen/high-progestin pills, with ORs of 0.5 for the
risk reduction associated with the use of OCs of each potency
class compared with nonuse. Despite similarities between this
study and the study by Ness et al. (34), including that both were
population-based studies of newly diagnosed ovarian cancer pa-
tients and that both used in-person structured interviews, life-
events calendars, and pictorial views of OC preparations, there
are several aspects of the study design by Ness et al. that suggest
why different findings may have arisen. The current study in-
volved younger women, there were temporal differences in the
OCs available, and the classification schemes for defining po-

Table 2. Comparison of characteristics of 390 case subjects with ovarian
cancer and 2865 control subjects participating in the Cancer and Steroid

Hormone Study

Characteristic

No. of
case subjects

(%)

No. of
control subjects

(%) P*

Reference age, y
20−45 184 (47.2) 1328 (46.4) .759
46−54 206 (52.8) 1537 (53.6)

Race
White 348 (89.2) 2366 (82.6) .001
Nonwhite 42 (10.8) 495 (17.3)
Missing data 4 (0.1)

Educational level, y
�12 220 (56.4) 1425 (49.7) .014
>12 170 (43.6) 1437 (50.2)
Missing data 3 (0.1)

Pregnancies of 6 mo
0 100 (25.6) 393 (13.7) <.001
1 53 (13.6) 273 (9.5)
2–3 179 (45.9) 1345 (46.9)
�4 57 (14.6) 845 (29.5)
Missing data 1 (0.3) 9 (0.3)

Age at menarche, y
�11 73 (18.7) 609 (21.3) .350
12−13 217 (55.6) 1521 (53.1)
>13 97 (24.9) 723 (25.2)
Missing data 3 (0.8) 12 (0.4)

Menopausal status
Premenopausal 155 (39.7) 1160 (40.5) .002
Perimenopausal 82 (21.0) 614 (21.4)
Postnatural 91 (23.3) 512 (17.9)
Postsurgical 41 (10.5) 488 (17.0)
Missing data 21 (5.4) 91 (3.2)

Infertility†
Yes 26 (6.7) 120 (4.2) .025
No 361 (92.6) 2738 (95.6)
Missing data 3 (0.8) 7 (0.2)

History of sugar diabetes
Yes 15 (3.8) 139 (4.9) .375
No 375 (96.2) 2719 (94.9)
Missing data 7 (0.2)

1st-degree relatives with
breast or ovarian cancer

Yes 46 (11.8) 204 (7.1) .001
No 344 (88.2) 2661 (92.9)

*Pearson chi-square test.
†Unsuccessfully tried to get pregnant for 2 years; a physician determined that

it was because of a problem in the woman or in both the woman and the partner.
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tency were not identical. It is not clear if these differences could
explain the variations in findings between the two studies.

Despite some significant strengths in the design of the CASH
Study, limitations of our analysis include the possible misclas-
sification of OC use among ovarian cancer case and control
subjects, particularly in terms of the retrospective reporting of
specific OC formulations that the study subjects had used in
their lifetime. In addition, we did not have formulation and
dosage information on all OC users in the CASH Study and did
not have an adequate number of women who used progestin-
only OCs to examine their effect. The women who participated
in the CASH Study were relatively young compared with
women in the general population who develop ovarian cancer,
and we do not know whether our results apply to menopausal
women who develop ovarian cancer. Since the CASH Study was
conducted more than 20 years ago, we were unable to evaluate
more recent OC formulations. However, the newer formulations
have had lower potencies and, therefore, are likely to have a
reduced effect on the risk of ovarian cancer.

Despite these limitations, these data provide further support
for the hypothesis that biologic effects related to the progestin
component in OCs may be a mechanism underlying their pro-
tective effect independent of inhibition of ovulation. It is hoped

that further research in the field of ovarian cancer prevention
will lead to the identification of promising agents, in addition to
progestins, which activate cancer-prevention pathways in the
ovarian epithelium, and that can then be formulated into a phar-
macologic strategy that achieves maximum protection against
ovarian cancer, while minimizing side effects.
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basis, and the NCI makes the data available to the public for scientific research.
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