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Abstract There is some evidence from case–control

studies that dietary fiber intake might be inversely

associated with ovarian cancer risk, but there are

limited prospective data. Therefore, we examined

ovarian cancer risk in association with intake of die-

tary fiber in a prospective cohort of 49,613 Canadian

women enrolled in the National Breast Screening

Study (NBSS), who completed a self-administered

food frequency questionnaire between 1980 and 1985.

Linkages to national mortality and cancer databases

yielded data on deaths and cancer incidence, with

follow-up ending between 1998 and 2000. Data from

the food frequency questionnaire were used to esti-

mate intake of total dietary fiber, of fiber fractions,

and of fiber from various sources. Cox proportional

hazards models were used to estimate hazard ratios

(HR) and 95% confidence intervals (CI) for the

association between energy-adjusted quartile levels of

fiber intake and ovarian cancer risk. During a mean

16.4 years of follow-up, we observed 264 incident

ovarian cancer cases. Total dietary fiber and fiber

fractions were not associated with ovarian cancer risk

in this study population.
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Introduction

There is evidence from intervention studies that in-

creases in dietary fiber intake are associated with a

reduction in serum estrogen levels and reduced avail-

ability of steroid hormones (1–3). Given that serum

estrogen has been shown to stimulate cell proliferation

in ovarian epithelium (4) and to promote ovarian tu-

mor progression (5), it is plausible that dietary fiber

intake may be inversely associated with ovarian cancer

risk.

To date, it appears that the relationship between

dietary fiber intake and ovarian cancer risk has been

examined in only one prospective cohort study (6).

In that investigation, the authors found no associa-

tion between total fiber intake and ovarian cancer

risk (6). Given the current lack of prospective data

regarding the role of dietary fiber in ovarian cancer

etiology, we examined the relationships between to-

tal dietary fiber intake, intake of fiber fractions

(soluble, insoluble, lignin, and cellulose), and source

of dietary fiber (cereal, vegetable, and fruit) and

ovarian cancer risk in a prospective cohort study of

Canadian women.
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Methods

Study population

The design of the study has been described in detail

elsewhere (7). Briefly, 89,835 women aged 40–59 years

were recruited into the Canadian National Breast

Screening Study (NBSS) between 1980 and 1985 from

the general Canadian population by various means,

including personal invitation by letter, group mailings

to employees of large institutions and to members of

professional associations, advertisements in newspa-

pers, and public service announcements on radio and

television (8).

Questionnaires

At recruitment into the cohort, participants completed

self-administered questionnaires that sought informa-

tion on demographic characteristics, lifestyle factors,

menstrual and reproductive history, and use of oral

contraceptives and replacement estrogens. Women

who reported having regular menstrual periods within

the past 12 months were classified as premenopausal.

Women whose menstrual periods ceased at least

12 months before enrolment into the study were con-

sidered to be postmenopausal (9).

Starting in 1982 (that is, after some participants

had completed their scheduled visits to the screening

centers), a self-administered food frequency ques-

tionnaire (FFQ) was distributed to all new attendees

at all screening centers, and to women returning to

the screening centers for re-screening (10). The FFQ

sought information on usual portion size and fre-

quency of consumption of 86 food items, and included

photographs of various portion sizes to assist

respondents with quantifying intake. A comparison

between the self-administered questionnaire and a full

interviewer-administered questionnaire, which has

been subjected to both validity and reliability testing

(10) and used in a number of epidemiologic studies

(11), revealed that the two methods gave estimates of

intake of dietary fiber, which strongly correlated with

each other (correlation coefficient = 0.70) (10). A to-

tal of 49,613 dietary questionnaires was returned and

available for analysis.

Calculation of fiber intake

Data from the completed self-administered food fre-

quency questionnaires were used to estimate daily in-

take of energy and nutrients using a database for

Canadian foods that has been described elsewhere

(11). Data from the food frequency questionnaire were

also used to estimate total dietary fiber intake by

multiplying the frequency of consumption of each food

by the nutrient content of the portion size and sum-

ming over all foods (10). Intake of fiber fractions were

estimated from food intake values using the revised

version of McCance and Widdowson’s food composi-

tion tables (12).

Ascertainment of incident ovarian cancer cases and

deaths

Incident ovarian cancer cases and deaths amongst co-

hort members were ascertained respectively by means

of computerized record linkages to the Canadian

Cancer Database and to the National Mortality Data-

base, both of which are maintained by Statistics Can-

ada. The linkages to the databases yielded data on

cancer incidence and mortality to December 31, 2000

for women in Ontario, December 31, 1998 for women

in Quebec, and December 31, 1999 for women in other

provinces.

Statistical Analysis

Of the 49,613 women for whom dietary data were

available, we excluded women with extreme energy

intake values (at least three standard deviations above

or below the mean value for loge caloric intake)

(n = 502); women with prevalent ovarian cancer at

baseline (n = 20); and women who reported at baseline

that they had had a bilateral oophorectomy (n = 315).

These exclusions left 48,776 women available for anal-

ysis, amongst whom there were 264 incident cases of

ovarian cancer. Study participants were considered to

be at risk from their date of enrollment until the date of

diagnosis of ovarian cancer, the date of termination of

follow-up (the date to which cancer incidence data were

available for women in the corresponding province), or

the date of death, whichever occurred earliest.

Cox proportional hazards models (using age as the

time scale) were used to estimate hazard ratios (HR)

and 95% confidence intervals (CI) for the association

between energy-adjusted quartile levels dietary fiber

(total fiber, fiber fractions, and fiber from various

sources) and ovarian cancer risk; energy adjustment

was performed using the residual method (13). Multi-

variate models included the variables listed in the

footnotes to Tables 2 and 3. To test for trend, we fitted

the median value of each quartile as an ordinal variable

in the risk models, and evaluated the statistical signif-

icance of the coefficient using the Wald test (14). We

examined the associations overall and within strata
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defined by menopausal status. Stratified multivariate

models included the variables listed in the footnotes to

Tables 4 and 5. Tests for interaction were based on

likelihood ratio tests comparing models with and

without product terms representing the variables of

interest. Use of the lifetest procedure in SASTM

showed that the proportional hazards assumption was

met in this dataset. All analyses were performed using

SAS version 9 (SAS Institute Cary, NC).

Results

The average duration of follow-up for cohort members

was 16.4 years, corresponding to a total of 801,414

person-years of follow-up for the cohort. The mean

(S.D.) age at diagnosis for the cases was 59.4

(±7.2) years. For the cohort as a whole, the mean

(±SD) energy-adjusted total dietary fiber intake was

20.1 g/day (±7.0). There was more than 2-fold variation

in mean total dietary fiber intake values between the

lowest and highest quartile levels (Table 1).

Compared to those with relatively low dietary fiber

intake, women with high fiber intake were less likely to

consume alcohol, to have ever smoked, and to have

ever used oral contraceptives, but were more likely to

participate in vigorous physical activity, to be post-

menopausal at baseline, and to have a higher energy

intake (Table 1). No appreciable variation was ob-

served in mean age at baseline, body mass index, mean

age at menarche, parity, or age at first birth by quartile

levels of dietary fiber consumption.

Tables 2 and 3 show that in age- and energy-ad-

justed models, ovarian cancer risk varied little in

association with total dietary fiber intake, intake of

specific fiber fractions, or by source of fiber intake.

After multivariate adjustment, the hazard ratios re-

mained essentially unchanged, although there was

some suggestion of a weak inverse association with

insoluble fiber intake (HR for the highest versus the

lowest quartile level = 0.72, 95% confidence interval

[CI] = 0.47–1.10, Ptrend = 0.09). For all fiber fractions

and for fruit and vegetable fiber, the point estimates at

the highest quartile level were all less than unity, but

none of them was statistically significant. Mutual

adjustment of the fiber fractions for each other and of

the sources of dietary fiber for each other did not

materially alter the hazard ratios (data not shown).

Relatively high total dietary fiber intake was asso-

ciated with statistically non-significant reductions in

risk of ovarian cancer in both premenopausal and

postmenopausal women (Table 4). The risk for the

highest compared to the lowest quartile level appeared

to be somewhat lower among premenopausal

(HR = 0.61, 95% CI = 0.33–1.12, Ptrend = 0.14) than

postmenopausal women (HR = 0.86, 95% CI = 0.50–

1.48, Ptrend = 0.95), and on formal testing, the interac-

tion between dietary fiber and menopausal status was

statistically significant (v2(3) = 8.31, P = 0.04). Simi-

larly, ovarian cancer risk associated with fruit fiber

intake was lower among premenopausal (HR = 0.63,

95% CI = 0.35–1.14, Ptrend = 0.10) than postmeno-

pausal women (HR = 0.82, 95% CI = 0.48–1.40,

Ptrend = 0.93), and the interaction between fruit fiber

Table 1 Age-adjusted baseline distributions of ovarian cancer risk factors by quartiles of energy-adjusted dietary fiber intake

Quartiles of energy-adjusted dietary fiber (g/day)

<15.6 15.6–20.0 20.1–24.0 >24

Mean total fiber (g/day) 12.5 (2.4) 17.7 (1.2) 21.9 (1.3) 29.5 (5.5)
Mean energy intake (kcal/day) 1852 (623) 2014 (596) 2118 (594) 2301 (678)
Mean age (years) 47.7 (5.5) 48.5 (5.6) 48.8 (5.6) 49.3 (5.7)
Mean BMI (kg/m2) 24.7 (4.8) 24.8 (4.3) 24.8 (4.5) 24.9 (4.6)
Ever Smoker (%) 55.5 48.2 45.8 44.7
Any alcohol alcohol intake (%) 75.5 75.6 74.5 70.1
Any vigorous physical activity (%) 51.7 59.0 60.5 60.8
Age at menarche £12 years (%) 39.3 40.6 41.4 41.6
Ever use of oral contraceptive (%) 62.8 60.7 58.3 55.8
Postmenopausal at baseline (%) 37.3 41.6 43.9 48.6
Ever use of hormone replacement therapy (%)a 48.3 46.7 48.7 48.6
Parous (%) 85.5 85.9 85.5 83.7
Age at first birthb 23.7 (4.6) 24.3 (4.7) 24.5 (4.7) 24.7 (4.8)

Numbers in parentheses represent the standard deviation
a Among postmenopausal women only
b Among parous women only
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intake and menopausal status was statistically signifi-

cant (v2(3) = 11.25, P = 0.01) (Table 5). There was no

evidence of effect modification of the relationships

between the other fiber fractions or sources of dietary

fiber and ovarian cancer risk by menopausal status

(Tables 4 and 5).

The results for each of the analyses presented above

were similar after exclusion of case subjects diagnosed

within 1 year of recruitment (n = 10).

Discussion

In the prospective study reported here, we found no

association between total dietary fiber intake, intake of

fiber fractions, or intake of fiber from various sources,

and ovarian cancer risk over a 16-year follow-up period

in the total study population.

The findings from our cohort for total dietary fiber

intake differ from those of the majority of previous

case–control studies (15–21), eight of which showed

statistically significant inverse associations between

dietary fiber and ovarian cancer risk (15–22). However,

they are in keeping with those of the only prior pro-

spective cohort study, which involved 139 cases (6). In

addition, although fiber intake was not examined, both

the European Prospective Investigation into Cancer

(EPIC) (23) and a pooled analysis of 12 cohort studies

(24) found no association between fruit and vegetable

consumption and ovarian cancer risk. The association

between fiber fractions and ovarian cancer risk has

been examined previously in one case–control study

(18), which, in contrast with our null results, showed

inverse associations with intake of soluble and insolu-

ble fiber, vegetable fiber, and cellulose.

High circulating levels of endogenous estrogens

have been associated with ovarian cancer etiology (25,

26) and there is evidence that older age at menopause

is associated with an increased risk of ovarian cancer

due to greater exposure to endogenous estrogen (27).

Table 2 Adjusteda hazard
ratios and 95% confidence
intervals (CI) for the
association between intake of
total dietary fiber and of fiber
fractions and risk of incident
ovarian cancer

a Multivariable models
included age (time to event
variable), BMI in kg/m2

(\25, 25–29, ‡30), alcohol
(any vs. none), use of
hormone replacement
therapy (ever vs. never), use
of oral contraceptives (ever
vs. never), parity (parous vs.
nulliparous), age at menarche
(£12 vs. [ 12 years of age),
menopausal status at baseline,
total energy intake (as a
continuous variable),
participation in vigorous
physical activity (any vs.
none), study center, and
treatment allocation
(intervention vs. control)

Cases/person–years Hazard ratio (95% CI)

Age & energy adjusted Multivariate adjusteda

Total dietary fiber (g/day)
<15.6 68/200,431 1.0 (referent) 1.0 (referent)
15.6–20.0 61/200,820 0.85 (0.60–1.21) 0.86 (0.59–1.25)
>20.0–24.0 73/200,412 1.04 (0.75–1.45) 0.96 (0.68–1.39)
>24.0 62/199,750 0.86 (0.61–1.22) 0.77 (0.52–1.14)
P for Trend 0.67 0.27

Soluble fiber (g/day)

<4.4 61/201,311 1.0 (referent) 1.0 (referent)
4.4–5.8 69/199,887 1.10 (0.77–1.55) 1.00 (0.68–1.45)
>5.8–7.4 69/200,623 1.12 (0.79–1.58) 0.95 (0.64–1.41)
>7.4 65/199,588 1.04 (0.73–1.49) 0.79 (0.51–1.23)
P for Trend 0.80 0.29

Insoluble fiber (g/day)

<2.8 67/200,425 1.0 (referent) 1.0 (referent)
2.8–3.8 70/200,178 1.04 (0.74–1.45) 0.98 (0.67–1.41)
>3.8–5.1 65/201,135 0.94 (0.67–1.33) 0.84 (0.57–1.23)
>5.1 62/199,676 0.88 (0.62–1.25) 0.72 (0.47–1.10)
P for Trend 0.40 0.09

Lignin (g/day)

<1.0 67/201,556 1.0 (referent) 1.0 (referent)
1.0–1.4 70/198,633 1.03 (0.73–1.44) 1.05 (0.73–1.51)
>1.4–1.9 63/202,707 0.90 (0.64–1.27) 0.83 (0.56–1.22)
>1.9 64/198,518 0.93 (0.66–1.31) 0.79 (0.52–1.19)
P for Trend 0.53 0.13

Cellulose (g/day)

<3.4 69/200,969 1.0 (referent) 1.0 (referent)
3.4–4.7 58/200,026 0.78 (0.55–1.12) 0.74 (0.51–1.09)
>4.7–6.4 76/200,360 1.06 (0.76–1.47) 0.93 (0.64–1.34)
>6.4 61/200,059 0.87 (0.61–1.22) 0.73 (0.49–1.10)
P for Trend 0.81 0.27
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There is also evidence that dietary fiber may reduce

endogenous sex hormone levels (28, 29), specifically

serum estrone and estradiol levels in premenopausal

women, by increasing sex hormone binding globulin

(SHBG) leading to lower circulating levels of un-

bound or biologically available estrogen (2, 3, 27, 30).

This may explain, in part, the interaction between

dietary fiber and menopausal status observed here.

However, additional studies are needed to confirm

our findings.

Our data are limited by the possibility of error with

respect to the measurement of diet and the calculation

of total dietary fiber intake. Error in the measurement

of daily intake of fiber may have resulted from inac-

curate recall (31). However, this applies to the previous

studies of dietary fiber and ovarian cancer as well. Our

mean values for total fiber intake (20.1 g/day) are

higher than the Canadian national average (10.8 g/day)

for the same time period (32) This difference may be a

consequence of a limitation of our food composition

data. However, this limitation would have affected

cases and non-cases similarly. Given the differences

between national dietary fiber estimates and dietary

fiber consumption in our study population, our findings

may not be generalizable to all Canadian women. An

additional limitation of our study is that information on

menopausal status was collected only at baseline.

However, given that the average age at menopause is

Table 3 Adjusteda hazard ratios and 95% confidence intervals
(CI) for the association between intake of dietary fiber from
various sources and risk of incident ovarian cancer

Cases/
person–years

Hazard Ratio (95% CI)

Age & energy
adjusted

Multivariate
adjusteda

Cereal fiber (g/day)
<2.6 61/201,064 1.0 (referent) 1.0 (referent)
2.6–3.8 71/200,356 1.19 (0.85–1.69) 1.49 (1.01–2.18)
>3.8–5.2 67/199,385 1.10 (0.77–1.56) 1.22 (0.82–1.84)
>5.2 65/200,609 1.03 (0.73–1.48) 1.09 (0.71–1.70)
P for Trend 1.00 0.75

Vegetable fiber (g/day)
<5.5 66/200,593 1.0 (referent) 1.0 (referent)
5.5–7.4 67/201,345 1.01 (0.71–1.42) 1.04 (0.72–1.51)
>7.4–10.1 63/200,651 0.95 (0.67–1.35) 0.90 (0.61–1.33)
>10.1 68/198,824 1.05 (0.74–1.47) 0.94 (0.63–1.40)
P for Trend 0.88 0.54

Fruit fiber (g/day)
<2.2 69/199,568 1.0 (referent) 1.0 (referent)
2.2–3.9 61/200,906 0.86 (0.61–1.22) 0.83 (0.57–1.20)
>3.9–5.8 74/200,922 0.99 (0.71–1.38) 0.95 (0.66–1.37)
>5.8 60/200,017 0.83 (0.58–1.17) 0.76 (0.51–1.12)
P for Trend 0.44 0.26

a Multivariable models included age (time to event variable),
BMI in kg/m2 (<25, 25–29, ‡30), alcohol (any vs. none), use of
hormone replacement therapy (ever vs. never), use of oral con-
traceptives (ever vs. never), parity (parous vs. nulliparous), age at
menarche (£12 vs. >12 years of age), menopausal status at
baseline, total energy intake (as a continuous variable), partici-
pation in vigorous physical activity (any vs. none), study center,
and treatment allocation (intervention vs. control).

Table 4 Adjusteda hazard ratios and 95% confidence intervals
(CI) for the association between intake of total dietary fiber and
of fiber fractions and risk of ovarian cancer, stratified by meno-
pausal status at baselineb

No. cases/
Person years

Hazard Ratio (95% CI)a

Premenopausal
at baseline

Postmenopausal
at baseline

p for inter-
action

124/398,661 109/292,524

Total dietary fiber (g/day)
<15.6 1.0 (referent) 1.0 (referent)
15.6–20.0 1.18 (0.73–1.90) 0.54 (0.29–0.99)
>20.0–24.0 1.06 (0.65–1.75) 0.85 (0.50–1.46)
>24.0 0.61 (0.33–1.12) 0.86 (0.50–1.48)
P for Trend 0.14 0.95 0.04

Soluble fiber (g/day)
<4.4 1.0 (referent) 1.0 (referent)
4.4 – 5.8 1.13 (0.68–1.87) 0.84 (0.48–1.48)
>5.8–7.4 1.21 (0.72–2.03) 0.70 (0.39–1.27)
>7.4 0.64 (0.33–1.23) 0.90 (0.48–1.66)
P for Trend 0.32 0.66 0.13

Insoluble fiber (g/day)
<2.8 1.0 (referent) 1.0 (referent)
2.8–3.8 1.12 (0.68–1.86) 0.81 (0.47–1.40)
>3.8–5.1 1.07 (0.63–1.81) 0.63 (0.35–1.11)
>5.1 0.78 (0.43–1.43) 0.65 (0.35–1.18)
P for Trend 0.44 0.11 0.54

Lignin (g/day)
<1.0 1.0 (referent) 1.0 (referent)
1.0–1.4 1.01 (0.62–1.63) 1.12 (0.64–1.94)
>1.4–1.9 0.85 (0.51–1.41) 0.81 (0.45–1.47)
>1.9 0.59 (0.32–1.06) 1.03 (0.57–1.85)
P for Trend 0.07 0.80 0.50

Cellulose (g/day)
<3.4 1.0 (referent) 1.0 (referent)
3.4–4.7 0.84 (0.51–1.39) 0.63 (0.35–1.13)
>4.7–6.4 1.01 (0.62–1.65) 0.83 (0.48–1.44)
>6.4 0.64 (0.35–1.14) 0.81 (0.46–1.44)
P for Trend 0.25 0.74 0.55

a Multivariable models included age (time to event variable),
BMI in kg/m2 (<25, 25–29, ‡30), alcohol (any vs. none), use of
hormone replacement therapy (ever vs. never), use of oral con-
traceptives (ever vs. never), parity (parous vs. nulliparous), age at
menarche (£12 vs. >12 years of age), postmenopausal status,
total energy intake (as a continuous variable), participation in
vigorous physical activity (any vs. none), study center, and
treatment allocation (intervention vs. control)
b Total number of cases does not equal 264 because women
classified as perimenopausal were not included in these analyses
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51 in North America (33) and that 88% of ovarian

cancer cases in our study population were diagnosed at

or above 51 years of age, it is evident that our results

are largely representative of ovarian cancers diagnosed

post-menopausally. Also, although we adjusted our

estimates for a wide range of potentially confounding

variables, uncontrolled confounding by dietary and

other factors cannot be excluded. It is of note that the

results of the two cohort studies to date differ from

those of the majority of case–control studies. The dis-

crepancy may reflect the greater susceptibility of case–

control studies to selection and recall bias. Finally, the

number of ovarian cancer cases may have been insuf-

ficient to allow detection of small effects.

In conclusion, the results of our study suggest that

dietary fiber is not associated with risk of ovarian cancer.
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P for Trend 0.10 0.93 0.01

a Multivariable models included age (time to event variable),
BMI in kg/m2 (<25, 25–29, ‡30), alcohol (any vs. none), use of
hormone replacement therapy (ever vs. never), use of oral con-
traceptives (ever vs. never), parity (parous vs. nulliparous), age
at menarche (£12 vs. >12 years of age), postmenopausal status,
total energy intake (as a continuous variable), participation in
vigorous physical activity (any vs. none), study center, and
treatment allocation (intervention vs. control)
b Total number of cases does not equal 264 because women
classified as perimenopausal were not included in these analyses
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