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Abstract
Convincing epidemiologic evidence links excess body mass to increased risks of endometrial and
postmenopausal breast cancers but the relation of body mass index (BMI) to ovarian cancer risk
remains inconclusive. Potential similarities regarding a hormonal mechanism in the etiology of
female cancers highlight the importance of investigating associations according to menopausal
hormone therapy (MHT) use. However, data addressing whether the relation of BMI to ovarian
cancer differs by MHT use are very sparse. We prospectively investigated the association between
BMI and ovarian cancer among 94,525 U.S. women, followed from 1996–1997 to December 31,
2003. During 7 years of follow-up, we documented 303 epithelial ovarian cancer cases. As
compared with normal weight women (BMI 18.5–24.9 kg/m2), the multivariate relative risk
(MVRR) of ovarian cancer for obese women (BMI ≥30 kg/m2) in the cohort as a whole was 1.25
(95%-CI=0.93–1.68). Among women who never used MHT, the MVRR for obese versus normal
weight women was 1.80 (95%-CI=1.16–2.80). In contrast, no relation between BMI and ovarian
cancer was apparent among women who ever used MHT (MVRR=0.96; 95%-CI=0.64–1.43; P-
interaction=0.02). Exploratory analyses also suggested a positive association between BMI and
ovarian cancer among women without a family history of ovarian cancer (MVRR comparing
obese versus normal weight women=1.36; 95%-CI=0.99–1.85), but no relation with BMI was
apparent among women with a positive family history of ovarian cancer (MVRR=0.73; 95%-
CI=0.34–1.60; P-interaction=0.02). We suspect that obesity is associated with enhanced ovarian
cancer risk through a hormonal mechanism.

Introduction
Among gynecological malignancies, ovarian cancer is the most fatal, with a 5-year survival
rate of 37% (1). Although ovarian cancer etiology remains incompletely understood, parity
and oral contraceptive use are related to decreased ovarian cancer risk, while family history
of ovarian cancer and menopausal hormone therapy (MHT) use are associated with
increased risk (2–4).

In addition to those factors, excess body weight may play a role in the etiology of ovarian
cancer. A recent meta-analysis reported a 16% increased risk of ovarian cancer for adult
overweight (body mass index (BMI) 25–29.9 kg/m2) and a 30% increased risk for adult
obesity (BMI ≥30 kg/m2) when compared with normal weight (18.5–24.9 kg/m2) (5). It has
been hypothesized that in postmenopausal women, adiposity enhances ovarian cancer risk
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partly through the mitogenic effects of excess endogenous estrogens synthesized in the
adipose tissue via aromatization of androgens (6). According to that hypothesis, a positive
association between adiposity and ovarian cancer is expected to be more evident among
MHT non-users. In contrast, the relation of adiposity to ovarian cancer is expected to be
weaker among MHT users who already exhibit high circulating estrogen levels via an
exogenous source. This type of interaction between adiposity and MHT has been shown
previously for female cancers, including ovarian cancer (6), endometrial cancer (7), and
breast cancer (8).

In a large prospective study with comprehensive data on MHT use and family history of
ovarian cancer, we examined BMI in relation to ovarian cancer risk. We investigated
whether the association with BMI was stronger in women who never used MHT. Because
ovarian carcinogenesis has a strong hereditary component (9), we also addressed whether
the relation of adiposity to ovarian cancer varied according to family history of ovarian
cancer.

Methods
Study population

The NIH-AARP Diet and Health Study was established in 1995–1996 when 566,402 AARP
(formerly known as the American Association of Retired Persons) members aged 50 to 71
years and residing in one of six U.S. states (CA, FL, LA, NJ, NC, and PA) or two
metropolitan areas (Atlanta, GA, and Detroit, MI) completed and returned a mailed
questionnaire on body weight, height, medical history, and diet (10). A second questionnaire
that included more detailed information on family history of cancer and MHT was mailed to
baseline questionnaire respondents within six months and was returned by 59.5% of
participants. The Special Studies Institutional Review Board (IRB) of the U.S. National
Cancer Institute approved the study.

Population for analysis
To incorporate the detailed data on family history of cancer and hormone therapy, our
analysis included the 138,057 potentially eligible women who returned the second
questionnaire. We excluded women with previously diagnosed cancer other than non-
melanoma skin cancer before baseline (n=9,171 women, including 1,572 cases of ovarian
cancer), those with bilateral oophorectomy (n=27,908), women with unknown
oophorectomy status (n=2,164), subjects who were underweight (BMI<18.5 kg/m2;
n=1,540) or extremely obese (BMI>65.0 kg/m2; n=46), and those with missing information
on baseline weight or height (n=2,703). After exclusions, the analytic cohort included
94,525 women.

Cohort follow-up
Study participants were followed by regular matching of the cohort database to the National
Change of Address database maintained by the U.S. Postal Service and through processing
of undeliverable mail, other address update services, and directly from participants. Vital
status was ascertained by linkage to the Social Security Administration Death Master File.
Follow-up searches of presumed deaths in the National Death Index (NDI) Plus provided
verification and information on cause of death. For matching purposes, we have virtually
complete data on first and last name, address history, gender, and date of birth. Social
Security number is available for 85% of our cohort.
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Ovarian cancer ascertainment
Linkage to state cancer registries was used to identify epithelial ovarian cancer cases. The
cancer registry ascertainment area was recently expanded by three states (TX, AZ, and NV)
to capture cancer cases occurring among participants who moved to those states during
follow-up. The North American Association of Central Cancer Registries (NAACCR)
certifies all eleven cancer registries serving our cohort (11). A validation study comparing
registry findings to self-reports and medical records showed that approximately 90% of
cancer cases in our cohort are validly identified (12).

During follow-up, we documented 303 ovarian cancer cases. Cancers were identified by
anatomic site and histologic code using the International Classification of Disease for
Oncology (ICD-O, second and third editions) (13). The endpoint considered was epithelial
ovarian cancer (ICD-O C56.9). We also conducted a subanalysis using ovarian cancer
mortality as an endpoint.

Statistical analysis
Each participant accrued follow-up time beginning at the scan date of the second
questionnaire and ending at the date of diagnosis of epithelial ovarian carcinoma, move out
of the registry ascertainment area, death, or the end of follow-up on December 31, 2003,
whichever occurred first. Participants were divided into three BMI categories corresponding
to definitions of normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and
obesity (≥30.0 kg/m2) (14). The group of subjects with a BMI of 18.5–24.9 kg/m2 served as
the reference group.

We used Cox regression (15) to estimate hazard ratios and 95% confidence intervals (CI) of
ovarian cancer using person-time as the time scale and adjusting for age, race/ethnicity,
family history of ovarian cancer in a first or second degree relative, family history of breast
cancer in a first or second degree relative, duration of oral contraceptive use, MHT, and
physical activity. We tested for and found no departures from the proportional hazards
assumption. Tests of linear trend were conducted by modeling the median values of BMI
categories as a single continuous variable, the coefficient for which was evaluated using a
Wald test.

We examined whether MHT use modified the BMI and ovarian cancer relation by entering
the cross product term for BMI (three categories) and MHT use (never, ever) along with the
main effects terms for each. The statistical significance of the latter was evaluated using a
likelihood-ratio test. We used the same approach to evaluate effect modification by
hysterectomy status and family history of ovarian cancer. We also considered the main
effects of BMI at age 18 years and the interactions of BMI at age 18 years with MHT,
hysterectomy status, and family history of ovarian cancer.

Results
At baseline in 1996–1997, one-third (32.4%) of participants were overweight and nearly
one-fourth (22.0%) were obese. Most women were Caucasian, postmenopausal, and in their
low 60s at study onset. Ovarian cancer was positively associated with MHT use and family
history of ovarian cancer; inversely associated with oral contraceptive use, parity, and non-
Caucasian race/ethnicity; and not associated with age at menarche, age at natural
menopause, or hysterectomy. Postmenopausal women with hysterectomy were more likely
to report MHT than postmenopausal women with an intact uterus.

We examined baseline characteristics among normal weight, overweight, and obese women
to assess the potential for confounding (Table 1). Compared with women who were normal
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weight at baseline, overweight or obese women less frequently used MHT, were less likely
to report a history of oral contraceptive use, and had an earlier age at menarche. In contrast,
overweight or obese women had a slightly later age at menopause, had greater parity, were
more likely to have had a hysterectomy, and more frequently reported a family history of
ovarian cancer than normal weight women. Similar patterns were observed with BMI at age
18 years with the exceptions of parity and hysterectomy, for which inverse relations with
BMI at age 18 years were seen. The correlation coefficient between BMI at baseline and
BMI at age 18 years was modestly positive (r=0.33).

During 638,510 person-years of follow-up from 1996–1997 through 2003, we documented
303 incident cases of epithelial ovarian cancer, of which 157 were serous, 13 were
mucinous, 1 was borderline, 20 were endometroid, 12 were clear cell, and 100 were other
ovarian adenocarcinomas.

BMI at baseline
In age-adjusted analysis, BMI showed a weak positive association with ovarian cancer (RR
comparing obese with normal weight women=1.14; 95%-CI=0.86–1.51) (Table 2). The
relation was slightly strengthened after multivariate adjustment (RR=1.26; 95%-CI=0.94–
1.68). Most of the difference between the age-adjusted and multivariate risk estimates was
due to including MHT in the model. To determine whether larger BMI conferred greater
risk, we compared women with BMI>35.0 kg/m2 with normal weight women. The
multivariate RR was 1.38 (95%-CI=0.92–2.09), suggesting a further increase in ovarian
cancer risk with more extreme levels of adiposity, albeit at the expense of less precision of
the risk estimate.

We observed a positive relation of BMI to ovarian cancer among women who never used
MHT (multivariate RR comparing obese with normal weight women=1.83; 95%-CI=1.18–
2.84). In contrast, no association between BMI and ovarian cancer was evident for ever
users of MHT (RR for obese vs. normal weight women=0.96; 95%-CI=0.65–1.43). The test
for interaction between BMI and MHT was statistically significant (P-value=0.02). Among
ever users of MHT, relations of BMI to ovarian cancer were similarly null for the subgroup
of women with estrogen-only use (multivariate RR comparing obese with normal weight
women=1.17; 95%-CI=0.87–1.57) and the group with estrogen plus progestin use
(corresponding multivariate RR=1.01; 95%-CI=0.69–1.47). When we repeated our analysis
among women who never used MHT, this time focusing on ovarian cancer mortality as an
endpoint, the multivariate RR comparing obese with normal weight women was 1.51 (95%-
CI=0.91–2.51). There were no cases of ovarian cancer mortality among women with an
intact uterus who never used MHT.

We considered whether the observed interaction between BMI and MHT was explained by
the underlying effect of hysterectomy, a variable positively linked both to BMI and to MHT.
A positive association between BMI and ovarian cancer was seen both among women with
hysterectomy (multivariate RR comparing obese to normal weight women=1.49; 95%-
CI=0.87–2.58) and among those with an intact uterus (corresponding RR=1.19; 95%-
CI=0.85–1.66). The test for interaction revealed no significant difference of the BMI and
ovarian cancer relation according to hysterectomy (P-value=0.72). The P value for the three-
way interaction between BMI, MHT use, and hysterectomy was not statistically significant
(P-value=0.55).

Among the subgroup of women with no family history of ovarian cancer, a suggestive
positive relation between BMI and ovarian cancer was noted (multivariate RR comparing
obese with normal weight women=1.36; 95%-CI=1.00–1.86). In contrast, no association
between BMI and ovarian cancer was apparent for women with a positive family history of
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ovarian cancer (corresponding multivariate RR=0.74; 95%-CI=0.34–1.62). The test for
interaction between BMI and family history of ovarian cancer was statistically significant
(P-value=0.02). The P value for the three-way interaction between BMI, MHT use, and
family history of ovarian cancer was not statistically significant (P-value=0.67).

BMI at age 18 years
Both overweight and obesity at age 18 years showed suggestive positive associations with
ovarian cancer, and the relation of BMI at age 18 years to ovarian cancer was stronger than
that observed with current BMI, although it failed to reach statistical significance (Table 3).
As compared with women who were normal weight at age 18 years, the multivariate RRs of
ovarian cancer for overweight and obese women were 1.29 (95%-CI=0.82–2.04) and 1.74
(95%-CI=0.86–3.53), respectively. Age-adjusted and multivariate findings were
comparable.

Similar to our previous findings with BMI at baseline, the relation of BMI at age 18 years to
ovarian cancer was stronger among women who did not use MHT (RR comparing obese to
normal weight women=2.55; 95%-CI=1.11–5.83; P-interaction=0.02). Also consistent with
our results for BMI at baseline, the association between BMI at age 18 years and ovarian
cancer did not vary according to hysterectomy (P-interaction=0.87), and it did not vary
further according to the combination of MHT use and hysterectomy (P-interaction=0.19).
The relation of BMI to ovarian cancer was suggestively positive for women who had no
family history of ovarian cancer (RR comparing obese to normal weight women=2.01; 95%-
CI=0.99–4.09). We were unable to conduct a formal test for interaction for the association of
obesity at age 18 years and family history in relation to ovarian cancer because there were
no ovarian cancer cases who were obese at age 18 years and had a positive family history of
ovarian cancer in the current follow-up cycle.

Combination of BMI at baseline and BMI at age 18 years
In analyses of the joint effects of BMI at baseline and BMI at age 18 years, we combined
overweight and obese groups to maintain sufficient numbers of cases in each cell. As
compared to women who were normal weight at both age 18 years and at study baseline,
elevated ovarian cancer risk for women who were consistently overweight or obese at age
18 years and at baseline was particularly apparent for those who never used MHT
(multivariate RR=2.99; 95%-CI=1.69–5.29; P-interaction=0.002) and those who had no
family history of ovarian cancer (multivariate RR=1.68; 95%-CI=1.05–2.68; P-
interaction=0.09) (Table 4).

Adult weight gain
We also evaluated adult weight gain in relation to ovarian cancer. As compared to women
with stable weight between age 18 years and study baseline, the multivariate RRs of ovarian
cancer for women who gained 4 to 19.9 kilograms and those who gained 20 or more
kilograms during that time period were 0.97 (95%-CI=0.69–1.35) and 1.13 (95%-CI=0.79–
1.61), respectively. Similarly null associations for adult weight gain were noted within strata
of MHT use, hysterectomy, and family history of ovarian cancer (data not shown). Also, the
relations of BMI at baseline, BMI at age 18 years, and adult weight gain to ovarian cancer
risk were not further modified by the effects of age, race/ethnicity, age at menarche, oral
contraceptive use, parity, menopausal status, smoking, and physical activity (all P for
interaction>0.05).
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Discussion
As observed in numerous previous investigations summarized in a recent meta-analysis of
the available literature (5), BMI at baseline was associated with a modest but statistically
non-significant increase in risk for ovarian cancer in our cohort as a whole. However, when
we examined the relationship of adiposity to ovarian cancer among women who never used
MHT, the association became markedly stronger, with risk among obese women increasing
nearly 80% compared with normal weight women. In contrast, no association between BMI
and ovarian cancer was observed among ever-users of MHT. The interrelations of BMI,
MHT use, and ovarian cancer were not explained by the effects of hysterectomy.

Although the exact etiologic pathways are unresolved, the observed risk increase associated
with obesity at baseline according to MHT indicates that adiposity may enhance ovarian
cancer risk in part through its estrogenic effects. In postmenopausal women, excess body
mass leads to increased estrogen synthesis in adipocytes, resulting in higher circulating
estrogen levels (16). Estrogen promotes cell growth in ovarian surface epithelial cell cultures
(17). Additional mechanisms are possible. High body mass is associated with
hyperinsulinemia and, consequently, with higher levels of free circulating insulin-like
growth factor (IGF)-1 and androgens. Both IGF-1 and androgens stimulate cell proliferation
in ovarian cancer (18). Obesity is also associated with increased levels of serum leptin,
which can act as a mitogen and an angiogenic factor (19) and is involved in ovarian
folliculogenesis (20).

Data showing effect modification of the association between BMI and ovarian cancer by
MHT use are sparse, but our results regarding this issue are similar to another study on this
issue, which observed a positive association between BMI and ovarian cancer mortality
among women who never used MHT (RR=1.36; 95%-CI=1.12–1.66) but not among women
who ever used MHT (RR=0.93; 95%-CI=0.62–1.41) (6). It is worth pointing out that that
study (6) differed from ours in that it excluded women with hysterectomy, captured
estrogen-only MHT use, and focused on ovarian cancer mortality and not on ovarian cancer
incidence. Thus, results are not strictly comparable with those from our study. In contrast to
our study, a recent pooled analysis of 12 cohort studies found no effect modification of the
BMI and ovarian cancer relation by MHT use, but data were not shown (21).

In exploratory analyses, we found that BMI was associated with increased risk for ovarian
cancer particularly among women without a family history of ovarian cancer. Ovarian
carcinogenesis has a strong hereditary component (9), a circumstance that may obscure any
true association between BMI and ovarian cancer. Previous data regarding potential effect
modification of the BMI and ovarian cancer relation by family history of ovarian cancer are
limited to one case-control study (22) that reported no statistically significant interaction
between these variables (P-interaction=0.35). However, family history of ovarian cancer
tends to have a rather low prevalence in the population (approximately 10% in our study),
suggesting that observed positive relations of BMI to ovarian cancer seen in numerous
previous studies were likely driven by an increased risk with BMI among women without a
family history of ovarian cancer.

On the contrary, if hereditary ovarian cancer risk is determined by etiologic pathways that
are in part distinct from those related to adiposity’s hormonal and metabolic sequelae, then
future investigations may confirm that removing the small subset of women with a self-
reported positive family history of ovarian cancer bears the potential to uncover a stronger
positive relation of BMI to ovarian cancer risk than would be achievable when considering
the study population as a whole. Alternatively, the observed interaction of BMI with family
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history of ovarian cancer in our analysis may be the result of chance due to multiple
comparisons, as we investigated interactions with numerous potential effect modifiers.

We found that the relation of BMI at age 18 years to ovarian cancer risk tended to be
stronger than that with BMI at baseline. This is somewhat consistent with the largest such
study to date (23) that observed a positive relation of BMI at age 20 years to ovarian cancer
risk but found no association with BMI later in life. This suggests that adolescent or young
adulthood BMI may potentially be more etiologically relevant for ovarian cancer than
current or late-adulthood BMI when examining the potential adverse effects of excess body
mass on ovarian cancer risk. Established stronger associations of ovarian cancer with other
early-life factors, such as oral contraceptive use and parity, support a latency period of
several decades for ovarian cancer development. Given the modest correlation between BMI
at age 18 years and BMI at baseline and the fact that those two measures of adiposity
represent different periods in life, we speculate that BMI at age 18 years may relate to
ovarian carcinogenesis through distinct mechanisms, such as those associated with early age
at menarche or the presence of anovulatory cycles.

In our models focusing on the relation of BMI at age 18 years to ovarian cancer, we
refrained from adjusting for BMI later in life (at study baseline) because such adjustment
alters the interpretation of BMI at age 18 into a measure of weight gain between age 18 and
study baseline.

We did address adult weight gain in a separate model and found no association with ovarian
cancer, which was perhaps not surprising because BMI at age 18 years and BMI at study
baseline were both positively related to ovarian cancer in their own right. Consistent
overweight or obesity at age 18 years and study baseline (i.e., during total adulthood),
however, appeared to confer risk exceeding that seen with overweight or obesity at age 18
years only or at study baseline only. This suggests that long-term, consistent, excess weight
represents a major underlying anthropometric risk factor for ovarian cancer.

Important advantages of our study include its large size, prospective design, sufficient range
in BMI levels, and available data on BMI at age 18 years. This allowed us to examine
ovarian cancer risk according to various measures and levels of BMI with adequate
precision across a number of potentially important effect modifiers.

Adjustment for established ovarian cancer risk factors, such as parity and oral contraceptive
use had little impact on the risk estimates. This suggests that confounding by unmeasured or
unknown factors associated with both BMI and ovarian cancer does not likely explain the
associations we observed.

The current study also has a number of potential limitations. Our measure of BMI was based
on self-reported weight and height, and results could have been affected by imprecise
anthropometric assessments. However, the correlations between measured and self-reported
weight and height (including recalled weight over several decades) have been found to be
high, ranging from 0.80 to 0.95 (24). In addition, information on weight and height was
reported prior to ovarian cancer diagnosis and therefore, misclassification would likely be
non-differential between cases and non-cases. On the other hand, women have a tendency to
underestimate their weight and to over report their height, and heavier women underestimate
their weight more than lean women (25). Such misclassifications of weight and height
would lead to overstated risk estimates.

Insufficient statistical power limited our ability to conduct detailed analyses of adiposity in
relation to histologic subtypes of ovarian cancer. Some previous investigations observed a
stronger relation of obesity to non-serous cancers than serous cancers (26–29). Future
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studies should examine the potential for differential relationships of adiposity to specific
histologic subgroups of ovarian cancer.

Because participants in the NIH-AARP study represent mainly Caucasian women who
consented to participate in a follow-up study, our results may not apply to all women. Our
findings also may not extend to premenopausal women as the vast majority of participants in
our study were postmenopausal at baseline.

In conclusion, this study confirms a modest positive relation between BMI and risk for
ovarian cancer. Our results also add support to very limited available evidence that the
potential adverse effect of excess body mass on ovarian cancer risk is most apparent given a
low exposure to exogenous estrogens, as is the case among women who never used MHT.
Further studies should test the hypothesis that the relation of BMI to ovarian cancer varies
according to MHT use. Such work should help shed further light on the potential metabolic
effects of adiposity on ovarian carcinogenesis. We also present evidence from exploratory
analyses, requiring confirmation, for a stronger association between BMI and ovarian cancer
among women with no family history of ovarian cancer than those with a positive family
history. The observed relations of obesity to ovarian cancer risk have relevance for public
health programs aimed at reducing obesity in the population.
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Table 4

Multivariate relative risk of ovarian cancer in relation to the combination of BMI at baseline and BMI at age
18 years in all women and in subgroups of women defined by selected variables*

All women

BMI (kg/m2) RR (95% CI)

At baseline At age 18 years

<25.0 <25.0 1.0 (ref.)

<25.0 ≥25.0 1.26 (0.52–1.32)

≥25.0 <25.0 1.01 (0.78–1.30)

≥25.0 ≥25.0 1.41 (0.89–2.32)

Women who never used menopausal hormones

BMI (kg/m2) RR (95% CI)

At baseline At age 18 years

<25.0 <25.0 1.0 (ref.)

<25.0 ≥25.0 1.56 (0.37–6.49)

≥25.0 <25.0 1.46 (0.95–2.24)

≥25.0 ≥25.0 2.99 (1.69–5.29)

Women with hysterectomy

BMI (kg/m2) RR (95% CI)

At baseline At age 18 years

<25.0 <25.0 1.0 (ref.)

<25.0 ≥25.0 -

≥25.0 <25.0 1.05 (0.64–1.73)

≥25.0 ≥25.0 2.04 (0.93–4.49)

Women who never used postmenopausal hormones with hysterectomy

BMI (kg/m2) RR (95% CI)

At baseline At age 18 years

<25.0 <25.0 1.0 (ref.)

<25.0 ≥25.0 -

≥25.0 <25.0 2.48 (0.54–1.51)

≥25.0 ≥25.0 9.41 (1.82–8.55)

Women with no family history of ovarian cancer

BMI (kg/m2) RR (95% CI)

At baseline At age 18 years

<25.0 <25.0 1.0 (ref.)

<25.0 ≥25.0 1.19 (0.44–3.24)

≥25.0 <25.0 1.11 (0.85–1.47)

≥25.0 ≥25.0 1.68 (1.05–2.68)

The reference group are the women who jointly fell into the categories of BMI at baseline<25.0 kg/m2 and BMI<25.0 kg/m2 at age 18 years. The
multivariate model included the covariates listed in Table 2 footnote.
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