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There has been considerable interest in the role of carotenoids in the chemoprevention of cancer. However, few studies have examined the associ-

ation between intake of specific carotenoids and the risk of epithelial ovarian cancer and the results for carotenoids have been inconclusive. To

investigate whether the intake of a-carotene, b-carotene, b-cryptoxanthin, lutein and zeaxanthin, and lycopene is inversely associated with ovarian

cancer risk, a case–control study was conducted in China during 1999–2000. The cases were 254 patients with histologically confirmed epithelial

ovarian cancer and 652 age-matched controls were randomly recruited during the same period. Habitual dietary intake and lifestyle were collected

by face-to-face interview using a validated and reliable FFQ. The US Department of Agriculture nutrient composition database was used to cal-

culate the intake of specific carotenoids. Unconditional logistic regression analyses were used to estimate OR and 95 % CI, accounting for age,

locality, education, BMI, smoking, tea drinking, parity, oral contraceptive use, hormone replacement therapy, menopausal status, family history of

ovarian cancer, physical activity and energy intake. Compared with the highest v. the lowest quartile of intake, the adjusted OR were 0·39 (95 % CI

0·23, 0·66) for a-carotene, 0·51 (95 % CI 0·31, 0·84) for b-carotene, 0·51 (95 % CI 0·31, 0·83) for b-cryptoxanthin, 0·45 (0·27, 0·76) for lutein and

zeaxanthin, and 0·33 (95 % CI 0·20, 0·56) for total carotenoids, with statistically significant tests for trend. It is concluded that a higher intake of

carotenoids can reduce the risk of epithelial ovarian cancer.

Dietary carotenoids: Ovarian cancer: Risk factors: Case–control studies: Chinese women

Ovarian cancer has the highest fatality:case ratio of all
gynaecological malignancies because it is usually remains
undetected until the advanced stages and tends to recur
(Holschneider & Berek, 2000; Parkin et al. 2005). Rela-
tively little is known regarding the aetiology of ovarian
cancer. Therefore, prevention offers an approach to reducing
ovarian cancer mortality. The incidence of ovarian cancer
varies from country to country, with the highest rates
reported in Western countries and lower rates observed in
Asian and African countries (Stewart & Kleihues, 2003).
Compared with Western countries, China has a relatively
low incidence of about 6·2 per 100 000 women-years,
which is about one-quarter of the incidence typically
found in developed countries (International Agency for
Research on Cancer, 2006). This suggests that dietary and
lifestyle factors may play a role in ovarian cancer aetiology
(Falk et al. 2005).

There are major differences in the dietary patterns and life-
styles between women living in developed and developing
countries. We have documented the plant-based dietary pat-
terns and nutrient intake of adult women in southeast China
(Zhang et al. 2002a), and reported an inverse association
between consumption of fruits and vegetables and the risk
of epithelial ovarian cancer (Zhang et al. 2002b). However,
some studies did not support a significant inverse associa-
tion between vegetable or fruit consumption and ovarian

carcinoma risk (Mommers et al. 2005; Schulz et al. 2005).
This may be a reflection of the fact that fruit and vegetable
consumption may not accurately rank individuals according
to specific carotenoids, a group of phytochemicals with poten-
tial anticarcinogenic properties (Nishino et al. 2005). There
has been considerable interest in the antioxidant and anticarci-
nogenic effects, and other potential mechanisms of caroten-
oids in the chemoprevention of cancer (Khachik et al. 1995;
Nishino et al. 2000). However, only a limited number of
studies have examined the relationship between intake of
specific carotenoids and the risk of ovarian cancer. The
results for each carotenoid have been inconsistent (Helzlsouer
et al. 1996; Cramer et al. 2001; McCann et al. 2003; Tung
et al. 2005; Koushik et al. 2006).

In view of the variation in the rate of ovarian cancer and
dietary patterns from country to country, studies in a popu-
lation characteristic of low incidence rate and plant-based diet-
ary patterns such as Chinese women can provide useful
information on ovarian cancer aetiology. We conducted a
case–control study in southeast China to examine the associ-
ation between intakes of the most common carotenoids in
human diets, namely, a-carotene, b-carotene, b-cryptox-
anthin, lutein and zeaxanthin combined, and lycopene,
and the risk of epithelial ovarian cancer, which accounts
for more than 90 % of all ovarian malignancies (Cotran
et al. 1999).
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Methods

Study design and subjects

A hospital-based case–control study was conducted between
1999 and 2000 in Hangzhou, the capital city of Zhejiang pro-
vince, located in southeast China. Inclusion criteria for cases
were defined to be women less than 75 years of age, who
had been residents of Zhejiang province for at least 10 years
and who had been histopathologically diagnosed with epi-
thelial ovarian cancer within the past 3 years. Cases were
identified from medical records in the teaching hospitals,
School of Medicine, Zhejiang University (Hangzhou, China).
All the participating hospitals are public hospitals with 500–
2000 beds and receive patients from all over the province.
To ensure complete ascertainment of cases, all medical
records and laboratory pathology reports were daily screened
during the study period. Reports based on pathology speci-
mens and blood samples were also collected for further confir-
mation of diagnosis. A total of 255 patients with epithelial
ovarian cancer were identified and only one patient did not
participate in the study. The proportion of non-responding
patients among the cases was 0·4 %. Most of the cases (191
patients; 75·2 %) were recent patients recruited within 12
months from diagnosis.

During the same period, 652 controls were recruited and
interviewed. The criteria for controls were the women resi-
dents of Zhejiang province with neither a malignancy nor
bilateral oophorectomy. Women recruited as controls were
matched with cases by age (within 5 years). The control
group consisted of 340 hospital visitors and 261 out-patients
recruited from the same hospitals where the cases were ident-
ified, and fifty-one women recruited from the community. The
proportion of participation by selected controls was 96·6 %. To
control for bias in selecting the hospital controls, a table of
random numbers was used for selecting consulting rooms
for out-patients and wards for hospital visitors. These
locations were then visited and out-patients or hospital visitors
meeting the selection criteria were interviewed. If no suitable
subjects were found in the chosen room or ward, the adjacent
room or ward was used instead. This systematic selection pro-
cess was adopted throughout the entire recruitment period. All
the out-patients recruited had only minor gynaecological dis-
eases (84·7 % had vulvitis, vaginitis or cervicitis, 6·5 % had
been diagnosed with urethritis and 5·7 % had menopausal
symptoms). The sample of community controls was recruited
from nine different districts of Hangzhou with the assistance
from local community councils. The project was approved
by the Chinese hospital authorities and the human research
ethics committee of the investigators’ institution.

Dietary assessment and interview

Subjects were briefed regarding the aims of the study, confi-
dentiality and anonymity issues. An appointment for interview
was made after obtaining their consent via an initial contact. A
face-to-face interview was conducted in the hospital setting by
M. Z. using a structured questionnaire and usually took
40–50 min. A valid and reliable questionnaire was used to col-
lect the required information: (a) demographic and lifestyle
characteristics, for example, area of residence, education,
occupation, physical activity; (b) food consumption assessed

by a FFQ; (c) factors relevant to hormonal status and others,
including menstrual cycles, marriage and menopausal status,
reproductive and lactation history, oral contraceptive usage,
other factors relevant to hormonal status and family history
of ovarian cancer. The questionnaire was prepared in English
and translated into Chinese and checked (back translated) by
professional Chinese translators.

Habitual dietary intake was assessed using a FFQ includ-
ing 120 food items and eight vitamins or mineral sup-
plements. This quantitative FFQ was adapted from a
dietary questionnaire used for studying cancers in Shanghai,
in order to ensure cultural relevance (Ji et al. 1998).
Additional questions were taken from the Hawaii Cancer
Research Survey (Thompson & Byers, 1994) and the Aus-
tralian Health Survey 1995 (Australian Bureau of Statistics,
1995). The FFQ has been assessed in a pre-test and test-
retest studies in Chinese women (Zhang et al. 2005). All
of the participants in the preliminary test agreed that the
FFQ was appropriate to assess their dietary practice, and
98 % further agreed that it covered the foods they often con-
sumed. The intraclass correlation coefficients for intake of
a-carotene, b-carotene, b-cryptoxanthin, lutein and zeax-
anthin combined, and lycopene were 0.61, 0.71, 0.56, 0.61
and 0.83 respectively. The high coefficients for test–retest
reliability suggested that the FFQ may be relied upon in
assessing dietary intake.

The food frequency variables were categorised into never or
hardly ever, once per month, two to three times per month,
once per week, two to three times per week, four to six
times per week, once per d, and two times or more per d.
Information was also sought on the usual amount of each
food consumed per meal. The quantitative variables were esti-
mated in terms of a standard Chinese measure, the liang
(equivalent to 50 g). To increase the accuracy of estimation,
standard containers (small 200 ml, medium 400 ml, and large
600 ml bowls, and a 400 ml cup) were displayed during the
interview. For seasonal vegetables and fruits, only the fre-
quencies consumed during the available period were sought.
For cooking oil, salt and sugar, the total household consump-
tion was divided by the number of individuals sharing the
meals. For some sweets and commercial items, the respondent
was asked to report the number of units of food consumed on
each occasion. Information on usual methods of food prep-
aration or cooking such as steaming, boiling, stir-frying and
deep-frying was also sought. Food consumption measured
was based on their habitual diet and a ‘reference’ recall
period was set as 5 years before diagnosis (cases) or interview
(controls).

Data management and analysis

All data were checked at the end of each interview for com-
pleteness, before being coded and analysed using SPSS ver-
sion 14.0 (SPSS Inc., Chicago, IL, USA). The frequency
and quantity variables derived from the FFQ were converted
into daily food consumption, with adjustments for the edible
portions of foods, cooking methods used, seasonal factors
and market availability (Whitemore et al. 1990; Institute of
Nutrition & Food Hygiene, Chinese Academy of Preventive
Medicine, 1999). Total energy intake was obtained using Chi-
nese food composition tables (Institute of Nutrition & Food
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Hygiene, Chinese Academy of Preventive Medicine, 1999).
Intake of a-carotene, b-carotene, b-cryptoxanthin, lutein and
zeaxanthin combined, and lycopene were calculated based
on daily food consumption using a US Department of Agricul-
ture nutrient database, which has been developed specifically
for Chinese immigrants in America (Horn-Ross et al. 2000).
Because of laboratory-related technical difficulties in separ-
ating lutein and zeaxanthin, these two carotenoids were com-
bined. The mean daily intakes of specific carotenoids were
tabulated separately for case and control groups. The quanti-
tative variables of specific carotenoid intake were also divided
into quartiles based on the corresponding empirical distri-
bution of controls. A variable of total carotenoid score was
created and used to indicate total carotenoid intake, which
was obtained by summing the quartile values for each specific
carotenoid. We chose this method, rather than using intake in
micrograms, because each specific carotenoid is consumed in
varying quantities and it is untenable that any biochemical
actions of diverse carotenoids would be identical on a micro-
gram basis in a biologically complex system such as a cell.
Some category variables were defined as: a total of twenty
packs of cigarettes or more in a lifetime for tobacco smoking;
and weekly metabolic equivalent task-hours for physical
activity.

To assess the differences between the control groups, daily
mean intake of specific carotenoids, demographic and lifestyle
variables were initially compared between the two hospital
control groups, and then compared between hospital and com-
munity controls. The consistency of exposure levels among
the three groups would suggest that hospital bias was minimal.
Conditional on nil significant difference between them, the
control groups were then combined before comparison with
the cases. Demographic characteristics, potential risk factors
and intakes of specific carotenoids were compared between
cases and controls using a t test for continuous variables and
x2 tests for categorical variables. OR and associated 95 %
CI of epithelial ovarian cancer for the quartile daily intake
of specific carotenoids and total carotenoids were estimated
using unconditional logistic regression analyses and the
lowest level was defined as the reference group. Univariate
analysis was undertaken to screen potential explanatory vari-
ables for subsequent multivariate analysis. We first evaluated
the risk of ovarian cancer associated with specific carotenoids
and total carotenoids adjusting for age at interview (years,
continuous), locality (urban, rural) and education (none, pri-
mary, secondary, tertiary). We further assessed ovarian
cancer risk by adjusting for BMI (calculated as weight in kg
divided by square of height in m 5 years ago, continuous),
tobacco smoking (never, ever), tea drinking (never, ever),
physical activity (weekly metabolic equivalent task-hours,
continuous), parity (full-term pregnancy, continuous), oral
contraceptive use (never, ever), hormone replacement therapy
(never, ever), menopausal status (no, yes), family history of
ovarian cancer (no, yes) and total energy intake (kJ, continu-
ous). These variables were included in the models because
they had either emerged as significant risk factors for ovarian
cancer in some previous studies (McCann et al. 2003; Mom-
mers et al. 2005) or were potential confounders based on
the univariate analysis. Each quantitative variable of the
intake of specific carotenoid and total carotenoid intakes was
subjected to a linear trend test in terms of ovarian cancer

risk. Finally, model adequacy was assessed using the
Hosmer–Lemeshow goodness-of-fit statistic.

Results

When the two hospital control groups, separately and com-
bined, and the community controls were compared, only a
few independent variables were significantly different. Data
from all three control groups were therefore combined to
form a single control group in subsequent analyses. Results
from recent patients and all cases were also similar (omitted
for brevity but are available upon request). Therefore, we
report the combined results of all cases below.

Table 1 contrasts selected characteristics of participants
with and without epithelial ovarian cancer. There were no
differences in mean age, locality of residence, tobacco smok-
ing, alcohol consumption, BMI (5 years ago), age at
menarche, menopausal status and hormone replacement
therapy between cases and controls. Compared with the con-
trols, patients with epithelial ovarian cancer tended to have
a higher education, lower parities, less oral contraceptive use
and physical activity, less energy intake and less tea drinking.
More of them had apparent family susceptibility.

Table 2 summarises the mean daily intake of specific caro-
tenoids in cases and controls. Compared with the controls, the
cases with epithelial ovarian cancer had a lower intake of all
of the specific carotenoids examined by the study. There
was a statistically significant difference of mean daily intake
of a-carotene, b-carotene, b-cryptoxanthin, and lutein and
zeaxanthin (but not for lycopene) between cases and controls.
In general, the correlation coefficients among the carotenoids
were high and ranged from 0.31 to 0.71, except that lycopene
poorly correlated with a-carotene and b-carotene where the
correlation coefficients were 0.19 for both pairs.

Table 3 presents the adjusted OR and 95 % CI of epithelial
ovarian cancer risk according to quartile intake of specific
carotenoids and total carotenoid score from multivariate logis-
tic regression analysis. The risk of epithelial ovarian cancer
tended to decline with increasing intake of specific carotenoids
except lycopene. In the final models, compared with the high-
est v. lowest quartile of intake, the adjusted OR were 0·39
(95 % CI 0·23, 0·66) for a-carotene, 0·51 (95 % CI 0·31,
0·84) for b-carotene, 0·51 (95 % CI 0·31, 0·83) for b-cryptox-
anthin and 0·45 (0·27, 0·76) for lutein and zeaxanthin, with
statistically significant linear trends. A substantial risk
reduction of ovarian cancer was observed for total carotenoid
intake. The adjusted OR was 0·33 (95 % CI 0·20, 0·56) for
total carotenoid score with an inverse dose–response relation-
ship; the corresponding linear trend was significant
(P,0·001). There was no relationship between intake of lyco-
pene and ovarian cancer risk found in the study. Finally, the
Hosmer–Lemeshow goodness-of-fit statistic ranged between
2·79 (P¼0·95) and 13·78 (P¼0·09), indicating no lack of fit
for the logistic regression models.

Discussion

The study investigated the hypothesis whether intake of the
most common dietary carotenoids has an inverse association
with the risk of epithelial ovarian cancer in Chinese women,
a population with a lower rate of ovarian cancer and higher
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consumption of fruits and vegetables. We found that higher
intakes of a-carotene, b-carotene, b-cryptoxanthin, lutein
and zeaxanthin, and total carotenoids except lycopene
were significantly associated with a lower risk of epithelial

ovarian cancer. Since individual carotenoids vary widely in
antioxidant capacity and most of the specific carotenoids
found in the study were highly correlated, total carotenoids
might be more important than any single carotenoid studied

Table 1. Selected characteristics of cancer cases and controls*

(Number of subjects and percentages)

Cases(n 254) Controls (n 652)

n % n % P†

Age at interview (years) .0·05
Mean 46·8 48·0
SD 12·5 10·2
,45 128 41·4 215 33·0
45–54 110 35·6 290 44·5
55–64 48 15·5 108 16·6
$65 23 7·4 39 6·0

Locality of residence .0·05
Urban 148 58·3 354 54·3
Rural 106 41·7 298 45·7

Education ,0·05
No formal education 44 17·3 133 20·4
Primary 73 28·7 216 33·1
Secondary 95 37·5 230 35·3
Tertiary 42 16·5 73 11·2

Tobacco smoking .0·05
Never 249 98·0 634 97·2
Ever 5 2·0 18 2·8

Alcohol consumption .0·05
Never 197 77·6 452 69·5
Ever 57 22·4 198 30·5

Tea drinking ,0·001
Never 113 44·5 166 25·5
Ever 141 55·5 486 74·5

BMI (kg/m2) .0·05
#25 206 81·1 554 85·0
.25 48 18·9 98 15·0

Physical activity (weekly MET-hours) ,0·001
Low (,110) 128 50·4 247 37·9
Medium (110–140) 80 31·5 210 32·2
High (.140) 46 18·1 195 29·9

Total energy intake (kJ/d) ,0·001
Mean 9138 9811
SD 2330 2510

Age at menarche (years) .0·05
,14 27 10·7 52 8·0
14–15 78 30·8 179 27·5
16–17 98 38·7 279 42·9
. 17 50 19·8 140 21·5

Parity ,0·05
0 35 13·8 42 6·5
1 86 33·9 220 33·8
2 77 30·3 233 35·8
$3 56 22·0 155 23·8

Menopausal status .0·05
No 150 59·1 394 60·4
Yes 104 40·9 256 39·6

Hormone replacement therapy .0·05
Never 248 97·6 643 98·9
Ever 6 2·4 7 1·1

Oral contraceptive use ,0·001
Never 198 78·0 416 64·0
Ever 56 22·0 234 36·0

Family history of ovarian cancer ,0·01
No 248 97·6 649 99·8
Yes 6 2·4 1 0·2

MET-hour, metabolic equivalent task-hour.
* Data missing for two controls on alcohol consumption, age at menarche, parity, menopausal status, hormone replacement therapy, oral contraceptive

use and family history of ovarian cancer.
† Differences between cases and controls tested by two-sided t test for continuous variables and x2 test for categorical variables.
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in isolation. Furthermore, the various carotenoids appear to
neutralise different free radicals at different locations within
membranes (Liu, 2004). Carotenoids might also have other
antimutagenic and anticarcinogenic properties (Micozzi et al.
1990; Nishino et al. 2005). Therefore, they may work syner-
gistically to reduce cancer risk.

The present results that a higher intake of carotenoids
was inversely associated with lower risk of ovarian cancer
are consistent with the findings in experimental studies.
Carotenoids have been reported to possess antioxidative and
anticarcinogenic effects in laboratory studies. Oxidative
stress that increases DNA damage resulting in the malignant

Table 3. Risk of epithelial ovarian cancer for quartile daily intakes of specific carotenoids (Adjusted odds ratios
and 95 % confidence intervals)

Adjusted model* Final model†

Cases (n) Controls (n) OR 95 % CI OR 95 % CI

Lycopene (mg)
,2509 61 162 1·0 Referent 1·0 Referent
2509–6220 77 164 1·21 0·80, 1·82 1·39 0·89, 2·15
6221–11 856 54 157 0·87 0·56, 1·37 1·02 0·63, 1·65
$ 11 857 58 169 0·85 0·54, 1·33 1·01 0·62, 1·64
P for linear trend‡ .0·05 .0·05

a-Carotene (mg)
,113 78 163 1·0 Referent 1·0 Referent
113–218 82 163 0·96 0·65, 1·42 1·02 0·67, 1·53
219–377 54 163 0·62 0·40, 0·94 0·57 0·36, 0·90
$ 378 36 163 0·37 0·23, 0·60 0·39 0·23, 0·66
P for linear trend‡ ,0·001 ,0·001

b-Carotene (mg)
,3104 87 163 1·0 Referent 1·0 Referent
3104–4859 82 163 0·94 0·64, 1·37 0·94 0·62, 1·41
4860–8068 42 163 0·45 0·29, 0·69 0·46 0·29, 0·73
$ 8069 39 163 0·42 0·27, 0·66 0·51 0·31, 0·84
P for linear trend‡ ,0·001 ,0·01

b-Cryptoxanthin (mg)
,253 82 163 1·0 Referent 1·0 Referent
253–654 75 163 0·85 0·58, 1·26 0·93 0·61, 1·41
655–987 50 163 0·55 0·36, 0·84 0·49 0·31, 0·78
$ 988 43 163 0·45 0·29, 0·70 0·51 0·31, 0·83
P for linear trend‡ ,0·001 ,0·01

Lutein and zeaxanthin (mg)
,854 79 163 1·0 Referent 1·0 Referent
854–1497 85 163 1·00 0·68, 1·47 0·98 0·65, 1·49
1498–2337 53 163 0·58 0·38, 0·89 0·62 0·39, 0·98
$ 2338 33 163 0·37 0·23, 0·60 0·45 0·27, 0·76
P for linear trend‡ ,0·001 ,0·01

Total carotenoid score
,9 77 155 1·0 Referent 1·0 Referent
9–12 82 164 0·97 0·65, 1·43 1·06 0·70, 1·60
13–15 57 139 0·75 0·49, 1·15 0·71 0·45, 1·13
$16 34 194 0·29 0·18, 0·48 0·33 0·20, 0·56
P for linear trend‡ ,0·001 ,0·001

* Estimates from separate unconditional logistic regression models included terms for age at interview, locality and education.
† Further adjusted for BMI, tobacco smoking, tea drinking, parity, oral contraceptive use, hormone replacement therapy, menopausal

status, physical activity, family history of ovarian cancer and total energy intake.
‡ Two-sided test for linear trend across quantitative variables.

Table 2. Daily intake of specific carotenoids in cancer cases and controls

(Mean values and standard deviations)

Cases (n 254) Controls (n 650)

Mean SD Mean SD P *

Lycopene (mg) 7831 6911 8392 7379 .0·05
a-Carotene (mg) 232 271 343 422 ,0·001
b-Carotene (mg) 5117 4488 6579 5430 ,0·001
b-Cryptoxanthin (mg) 633 506 770 670 ,0·01
Lutein and zeaxanthin (mg) 1413 1104 1810 1468 ,0·001

* Two-sided t test for difference between cases and controls.
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transformations of ovarian cells has been implicated in the
pathogenesis of ovarian cancer (Murdoch & Martinchick,
2004), while the antioxidant effects of carotenoids have
been reported in vitro and in vivo during the past two decades
(Khachik et al. 1995; Nishino et al. 2000). Therefore, a higher
intake of carotenoids could be a part of a protective strategy to
minimise oxidative damage and reduce the risk of ovarian
cancer (Zhao et al. 2006). Besides antioxidant effects, caroten-
oids have been reported to induct and stimulate intercellular
communication via gap junctions, and inhibit activity of
specific protein kinases, which play a role in the regulation
of cell growth, differentiation and apoptosis (Tapiero et al.
2004; Kim et al. 2006). However, epidemiological studies
examining relationships between specific carotenoids and
ovarian cancer risk have been limited and the results for
each carotenoid have been inconsistent.

In agreement with the present results from Chinese women,
several case–control investigations conducted in Western
populations have reported a significant inverse association
between carotenoids and ovarian cancer risk. Comparing the
highest v. the lowest intake, Cramer et al. (2001) reported a
45, 40, 42 and 47 % reduced risk with total carotene, a-caro-
tene, b-carotene, and lycopene respectively, but null findings
associated with lutein and b-cryptoxanthin. McCann et al.
(2001) observed that there was a 36 and 32 % reduced risk
for carotenoid and b-carotene. They subsequently reported a
67 % reduced risk for total carotenoids (McCann et al.
2003). Bertone et al. (2001) and Bidoli et al. (2001) found a
40 % lower risk of ovarian cancer experienced for lutein and
zeaxanthin but not for a-carotene and b-carotene. Tung et al.
(2005) reported that a 34 % reduced risk was only associated
with b-carotene but not with a-carotene, b-cryptoxanthin,
lycopene, and lutein and zeaxanthin. In addition, b-carotene
supplement use for a duration of $ 10 years v. never use
was associated with a 69 % reduced risk of ovarian cancer
in a case–control study (Pan et al. 2004). However, there
was a null finding for carotenoid intake reported recently in
a pooled analysis of ten cohort studies (Koushik et al. 2006).

The inconsistencies in the findings of specific carotenoids
from epidemiological studies of ovarian cancer may be
explained in part by the diversity in food intakes of different
study populations. The present study found that lycopene
was not associated with ovarian cancer. A possible expla-
nation is that there was no sufficient variability in lycopene
intake between cases and controls. The limitations inherent
in quantifying dietary consumption may also account for
some of these inconsistencies. The lack of consistency in the
outcomes of observational studies may be due in part to indi-
vidual variation in bioavailability of these nutrients due to the
diverse food preparations or cooking methods. Also, some of
the inconsistencies may be attributed to the lack of adjustment
for important potential confounders of the diet–ovarian cancer
relationship, such as energy intake, physical activity, meno-
pausal status, and tobacco smoking, which limits the con-
clusions drawn from epidemiological studies.

Several issues of the study strengths and limitations should
be considered when interpreting the findings. A major feature
of the present study is that detailed information on food intake
and dietary patterns as well as lifestyle and factors relevant to
hormonal status was obtained. A validated and reliable instru-
ment specifically targeted on adult Chinese women was used

to collect the required information. In particular, the intake
of vegetables (thirty-nine items) and fruits (eleven items)
was intensively measured to capture primary sources high in
carotenoids in the Chinese diet. Since Chinese women are
typically responsible for buying foods and cooking for the
household, the participants could reasonably provide infor-
mation on the frequency and quantity of each food consumed
per meal, using reference containers to estimate the weight of
food items. In the preliminary test, face validity and content
validity of the FFQ were verified. A subsequent test–retest
further supported the reproducibility of the FFQ. Another fea-
ture of the study was the adjustment of energy intake and
important confounders such as physical activity and tea drink-
ing, which have found to be risk factors of ovarian cancer
in the study population. Furthermore, strong correlations
between FFQ measurements of fruits and vegetables and
b-cryptoxanthin, a-carotene, and lycopene in plasma at indi-
vidual subject levels have been documented in the literature.
Al-Delaimy et al. (2005) have reported that intakes of specific
fruits and vegetables as measured by FFQ are good predictors
of individual plasma carotenoid levels, suggesting that FFQ
are reasonably reliable instruments for dietary measurement
in nutrition and cancer studies.

As far as potential sources of subject biases in case–control
studies are concerned, selection bias appeared to be minimal
in view of the low refusal rate and random selection for con-
trols. The majority of cases were recently diagnosed, while the
recruitment and identification procedures ensured that ascer-
tainment of cases was maximised and complete. Recall bias
was minimised by reporting habitual diet and by using a
‘reference’ recall period. Given the association between food
consumption and ovarian cancer factors has not been firmly
established and lack of mention of the association of dietary
carotenoids and ovarian cancer in the popular media at the
time of the interview, information bias in the subjects’
responses is unlikely.

In conclusion, the present study suggests that a higher
intake of dietary carotenoids can reduce the risk of ovarian
cancer among Chinese women. Consumption of more veg-
etables and fruits rich in carotenoids can offer benefit in the
prevention of ovarian cancer.
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