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Abstract

Ovarian cancer is the fifth leading cause of cancer-related deaths among women, primarily due to 

diagnosis at late stages. Therefore, identification of modifiable risk factors for this disease is 

warranted. Using the Patient Epidemiology Data System (PEDS), collected from 1981 to 1998 at 

Roswell Park Cancer Institute, Buffalo, NY, we conducted a hospital-based, case-control analysis 

of self-reported cruciferous vegetable intake and ovarian cancer among 675 women with primary, 

incident ovarian cancer and 1275 without cancer. Cruciferous vegetable intake was queried using a 

44-item food frequency questionnaire (FFQ). Odds ratios (OR) and 95% confidence intervals (CI) 

were estimated with logistic regression, adjusting for age, body mass index (BMI), education, 

smoking status, parity, family history of ovarian cancer, total fruit consumption, total meat 

consumption, and total non-cruciferous vegetable consumption. We observed a significant inverse 

association for women with highest versus lowest intakes of total vegetables (OR=0.65, 95% 

CI=0.46–0.92), cooked cauliflower (OR=0.82, 95% CI=0.67–0.99), and cooked greens (OR=0.63, 

95% CI=0.46–0.86) and an inverse, dose-dependent association between cooked cruciferous 

vegetables intake and ovarian cancer (for each additional ten servings per month, OR=0.85, 95% 

CI=0.76–0.96). These findings suggest that a diet that includes cruciferous vegetables could be an 

important modifiable risk factor for ovarian cancer.
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Introduction

Ovarian cancer accounts for 5% of cancer-related deaths among women (1). In 2017, 

approximately 22,440 new cases and 14,080 deaths are expected to occur(2). Although the 

five-year survival rate of cases diagnosed at a local stage is 92%, the overall death rate for all 

ovarian cancer is 64%, as only 15% of cases are diagnosed at a local stage (1). There are 

currently no effective screening methods to detect early stage disease, and ovarian cancer 
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Novelty and impact: The results of this study suggest that cruciferous vegetables may be a viable modifiable risk factor for reducing 
ovarian cancer risk, although the effect differs by cruciferous vegetable and preparation method.

HHS Public Access
Author manuscript
Nutr Cancer. Author manuscript; available in PMC 2019 May 01.

Published in final edited form as:
Nutr Cancer. 2018 ; 70(4): 678–683. doi:10.1080/01635581.2018.1464346.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



symptoms are nonspecific—bloating, pelvic/abdominal pain, difficulty eating or feeling full 

quickly—making early detection difficult (1). Therefore, identification of modifiable risk 

factors for this disease is warranted.

The constituents of cruciferous vegetables (Brassica) have been previously shown to be 

inversely associated with risk of various cancer types including gastric, breast, lung, 

prostate, bladder, colorectal and endometrial cancers (1, 3–7). Cruciferous vegetables 

include, but are not limited to: broccoli, cauliflower, cabbage, collard greens, kale, and 

Brussels sprouts (8). Crucifers contain high levels of glucosinolates, which are 

phytochemicals that can be converted into isothiocyanates (ITC) during food preparation and 

digestion (9). ITCs are promising chemopreventive agents due to their multifaceted anti-

cancer activities, including altering the metabolism of carcinogens, inhibiting tumorigenesis, 

inducing apoptosis and autophagy, arresting cell proliferation, inhibiting angiogenesis and 

metastasis, suppressing inflammatory mediators, activating immune defenses, impacting 

cancer cell energetics and metabolism, and generating reactive oxygen species (10). Given 

these anti-carcinogenic activities, cruciferous vegetables may represent a viable modifiable 

risk factor important in ovarian cancer etiology. Therefore, utilizing a case-control study 

design, we examined the association between self-reported usual intakes of several 

cruciferous vegetables and ovarian cancer in archived data from Roswell Park Cancer 

Institute (RPCI).

Materials and Methods

The Patient Epidemiologic Data Systems study (PEDS) was conducted from 1981 to 1998, 

wherein all patients seen at RPCI to be evaluated for potential cancer diagnoses were given a 

self-administered epidemiologic questionnaire that encompassed health, reproductive, 

lifestyle (cigarette smoking, physical activity, diet), occupational, and other epidemiologic 

factors. The protocol for the study was approved by the RPCI Institutional Review Board, 

and completion and return of the questionnaire implied consent. Approximately 50% of 

those offered participation returned completed questionnaires. The final dataset includes 

patients who received a definitive cancer diagnosis (cases) and those with benign conditions 

(controls). For this analysis, we selected all women who had received a diagnosis of invasive 

cancer of the ovary, peritoneum, or fallopian tubes and women without a cancer diagnosis 

with at least one intact ovary, matched to the cases on five-year age strata. Women who 

answered 23 or fewer food frequency questions and women with a history of a stomach ulcer 

or who had previously had a hysterectomy were excluded from the analysis, resulting in 675 

cases and 1275 controls for analyses.

Information regarding diet and cruciferous vegetable consumption in the few years prior to 

diagnosis was obtained using a 44-question food frequency questionnaire (FFQ) which was 

developed through a regression approach from data obtained from extensive diet records 

(11). Although not directly validated, the brief FFQ includes cruciferous vegetables 

commonly consumed. The cruciferous vegetable category included the majority of those 

commonly consumed among western populations: broccoli, cauliflower, cabbage, Brussels 

sprouts, and greens (such as kale, mustard green, and collard greens). Additionally, several 

crucifers were queried as both raw and cooked, since bioavailability of ITCs is dependent 

McManus et al. Page 2

Nutr Cancer. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



upon this factor. Frequency categories ranging from never to 5–7 times per week were 

converted to total monthly consumption, and intakes were expressed as individual items, raw 

and cooked combined, and total cruciferous vegetables. To account for diet composition, 

food group variables were created to represent total fruits, total vegetables, and total meats 

consumed and were included as covariates in the statistical analyses.

Statistical Analysis.

All analyses were performed with SAS for Windows, version 9.4 (Cary, NC) and were 

considered statistically significant at p<0.05. Descriptive statistics were calculated including 

Student’s t-test for continuous variables and Pearson’s chi-square for categorical variables. 

To calculate associations between ovarian cancer and food group consumption (fruits, meats, 

vegetables, non-cruciferous vegetables, cruciferous vegetables, raw cruciferous vegetables, 

and cooked cruciferous vegetables), monthly consumption was divided into quintiles based 

on the distributions in the controls. As consumption of individual crucifers was low, in 

general, to examine the association between ovarian cancer and specific cruciferous 

vegetables, we divided the study sample into two groups, with 0.5 servings per month as the 

cut point (≤ 0.5 vs >0.5 servings per month). Associations with ovarian cancer in each 

category were estimated with odds ratios (ORs) and 95% confidence intervals (CIs) 

calculated using unconditional logistic regression with respect to the lowest (referent) 

quantile. Odds ratios were adjusted for possible confounders, including age, body mass 

index (BMI, education, smoking status, family history of ovarian cancer, parity, total fruit 

consumption, total meat consumption, and total consumption of non-cruciferous vegetables. 

Covariates were retained if they had a p-value of <0.20 in logistic regression models or if 

inclusion altered the observed ORs by >15%.

Results

Shown in Table 1 are the descriptive characteristics of ovarian cancer cases and controls. 

Cases were less likely ever to have smoked, used oral contraceptives, or had a tubal ligation. 

Age, BMI, education, family history of ovarian cancer, and parity did not differ significantly 

between cases and controls.

Odds ratios and 95% confidence intervals for associations between ovarian cancer and food 

group intakes are shown in Table 2 and associations between ovarian cancer and intakes of 

individual crucifers are shown in Table 3. We observed significantly lower odds of ovarian 

cancer for women with the highest intake of total vegetables (OR=0.65, 95% CI=0.46–0.92), 

cooked cauliflower (OR=0.82, 95% CI=0.67–0.99), and cooked greens (OR=0.63, 95% 

CI=0.46–0.86). There was a non-significant inverse dose-dependent association between 

quintiles of cooked cruciferous vegetables intake and ovarian cancer. This association 

achieved statistical significance when cooked cruciferous vegetables intake was 

parameterized as a continuous variable (for each additional ten servings per month, 

OR=0.85, 95% CI=0.76–0.96, data not shown). No associations were observed for non-

cruciferous vegetables (OR=0.86, 95% CI=0.59–1.26), total cruciferous vegetables 

(OR=0.72, 95% CI=0.51–1.02), total broccoli (OR=0.80, 95% CI=0.64–1.02), raw broccoli 

(OR=0.91, 95% CI=0.74–1.13), cooked broccoli (OR=0.87, 95% CI=0.70–1.10), and total 
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cauliflower (OR=0.83, 95% CI=0.68–1.02). We also observed a statistically significant 

positive association between total meat consumption and ovarian cancer (OR=1.86, 95% 

CI=1.36–2.55).

Discussion

Our findings suggest that cooked cruciferous vegetables, largely driven by cooked 

cauliflower and greens, and total vegetables, may be viable modifiable risk factors for 

ovarian cancer. Currently, the nonspecific nature of ovarian cancer symptoms makes it 

difficult to detect this disease at early stages (1). Current methods for high-risk women 

(women with familial history of ovarian cancer) include the cancer antigen 125 (CA-125) 

blood test and transvaginal ultrasounds (TVUS); both tests are, however, flawed(12). The 

CA-125 blood test, which looks for abnormally high blood levels of a surface protein 

typically found on ovarian cancer cells, does not account for other, non-cancerous factors 

that can lead to high CA-125 levels, nor is it elevated in all women with ovarian cancer (12). 

TVUS identifies abnormal masses; however, the test cannot differentiate between cancerous 

and benign masses, requiring further invasive tests, such as biopsies (12). Unlike high-risk 

women, average-risk women typically only receive pelvic exams, which rarely, if ever, 

detect ovarian cancer in the early stages, as growths are usually undetectable until the later, 

more aggressive stages (12). As demonstrated in the UK Collaborative Trial of Ovarian 

Cancer Screening, in which over 200,000 average-risk women were randomized to different 

ovarian cancer screening arms and followed for nearly 15 years, there is no definitive 

evidence that population-level multimodal screening (repeated CA-125 measures and 

TVUS) for ovarian cancer reduces disease-specific mortality (13). Therefore, identification 

of modifiable risk factors for this disease is warranted, as it provides a means for women 

(high-risk or not) to lower their risk for disease.

There has been a growing interest in the role cruciferous vegetables play in cancer. Meta-

analyses, which have examined the overall implications of cruciferous vegetables in the diet, 

have shown an inverse association between these foods and ovarian cancer (14–16). In this 

study, we observed a non-significant inverse association between total cruciferous vegetable 

intakes and ovarian cancer risk. We conducted a regression analysis to identify which 

subgroups contributed most notably to the total cruciferous category. Our results showed that 

cooked broccoli, raw cauliflower, raw cabbage, cooked cauliflower, and cooked greens, 

respectively, were the greatest contributors to the total cruciferous vegetable group. Alone, 

cooked cauliflower and cooked greens were statistically significantly inversely associated 

with ovarian cancer, but null associations were observed in the cooked broccoli, raw 

cauliflower, and raw cabbage categories, driving the overall non-significant association 

between cruciferous vegetables and ovarian cancer.

The nutrient density and nutritional benefits of raw versus cooked foods has been of growing 

interest (17, 18). Previous studies suggest that the cooking process may denature enzymes 

and nutrients; however, in some cases, cooking can increase the bioavailability of certain 

nutrients (19). Cruciferous vegetables contain glucosinolates in their cytoplasm. Disruption 

of the cell wall through chewing or cutting brings these compounds into contact with the 

enzyme myrosinase, with subsequent formation of isothiocyanates (19). However, the 
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cooking process reduces the conversion of glucosinolates into the bioactive compounds 

isothiocyanates (20). Contrary to previous studies, our results did not support a strong effect 

for the raw cruciferous category, although there was a significantly reduced odds of ovarian 

cancer associated with consumption of cooked crucifers. These differences might have 

occurred because many of the subgroups of cruciferous vegetables are rarely eaten raw, 

especially during the time period which the data was collected. The small variability in the 

subjects’ monthly consumption of raw cruciferous vegetables might have made an 

association with ovarian cancer difficult to detect. There was greater variability in 

consumption of cooked cruciferous vegetables. There was a suggestion of a threshold effect 

in the total cruciferous and cooked cruciferous vegetables categories at the highest levels of 

intake (>15 servings/month). It is possible that a similar threshold in the raw cruciferous 

vegetable association, if one existed, was not apparent, due to the lower overall consumption 

of raw cruciferous vegetables in our population. Among individual cruciferous vegetables, 

the significant inverse association was only observed with cooked cauliflower and cooked 

greens, raising a possibility that other by-products of glucosinolates, instead of ITCs, may be 

key players in associations with ovary cancer, since the yield of ITCs is generally attenuated 

by cooking process; however, other by-products of glucosinolates may be increased under 

such conditions (21, 22). If the potential beneficial role of cruciferous vegetables in 

prevention of ovarian cancer could be validated, further investigation on cooking and 

products of glucosinolates is warranted.

Of the patients who received this survey, only about half responded, suggesting voluntary 

response bias may have played a role, as those who did respond may have been less likely to 

have a serious condition. Further, non-response bias may have played a role in the results of 

our study, as those patients with more severe cases of OC may have been less likely to 

respond. Response bias is a problem in any survey. However, both cases and controls were 

patients at RPCI and therefore it is unlikely that recall would be differential as both groups 

were being seen for diagnosis.

There were some limitations to the FFQ used, as it only included 44 items. Although this did 

not a pose a problem in the unadjusted analysis, as the FFQ had a strong focus on 

cruciferous vegetables, it potentially limited the usefulness of certain of the covariates. For 

instance, processed and red meats were the focus of the PEDS FFQ, so the analysis is 

limited in its ability to consider other sources of meat, such as poultry, that are more 

commonly consumed in the population. On the other hand, given the correlated nature of 

food use, the foods that were included on the FFQ likely captured sufficient variation in diet 

quality in these data. Additionally, the 44-item FFQ was not directly validated for estimation 

of cruciferous vegetable intake. Similar FFQs have validity coefficients in the range of 0.49–

0.69 for broccoli; therefore we expect that our FFQ performs comparably (23, 24).

Our study suggests that consumption of cruciferous vegetables, specifically cooked 

cauliflower and cooked greens, may be viable modifiable risk factors for ovarian cancer. Our 

findings also revealed that there may be a threshold effect present in the association between 

cruciferous vegetable consumption and ovarian cancer risk, meaning in order to have the 

observed inverse association a certain quantity of crucifers must be consumed. These results 
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propose that a diet that includes cruciferous vegetable consumption, along with other healthy 

lifestyle habits, may contribute to decreasing risk for ovarian cancer.
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ITC isothiocyanates

RPCI Roswell Park Cancer Institute

TVUS transvaginal ultrasound

References

1. Siegel RL , Miller KD , Jemal A : Cancer statistics, 2016. CA Cancer J Clin 66, 7–30, 2016. doi: 
10.3322/caac.2133226742998

2. Society AC. Cancer Facts and Figures 2017. Atlanta: American Cancer Society, 2017.

3. Tang L , Zirpoli GR , Jayaprakash V , Reid ME , McCann SE , et al.: Cruciferous vegetable intake is 
inversely associated with lung cancer risk among smokers: a case-control study. BMC Cancer 10, 
162, 2010. doi: 10.1186/1471-2407-10-16220423504

4. Peisch SF , Van Blarigan EL , Chan JM , Stampfer MJ , Kenfield SA : Prostate cancer progression 
and mortality: a review of diet and lifestyle factors. World J Urol 35, 867–874, 2017. doi: 10.1007/
s00345-016-1914-327518576

5. Liu KC , Shih TY , Kuo CL , Ma YS , Yang JL , et al.: Sulforaphane Induces Cell Death Through 
G2/M Phase Arrest and Triggers Apoptosis in HCT 116 Human Colon Cancer Cells. Am J Chin 
Med 44, 1289–1310, 2016. doi: 10.1142/s0192415×1650072527627923

6. Kim MK , Park JH : Conference on “Multidisciplinary approaches to nutritional problems”. 
Symposium on “Nutrition and health”. Cruciferous vegetable intake and the risk of human cancer: 
epidemiological evidence. Proc Nutr Soc 68, 103–10, 2009. doi: 10.1017/
s002966510800888419061536

7. Verhoeven DT , Goldbohm RA , van Poppel G , Verhagen H , van den Brandt PA : Epidemiological 
studies on brassica vegetables and cancer risk. Cancer Epidemiol Biomarkers Prev 5, 733–48, 
19968877066

8. Murillo G , Mehta RG : Cruciferous vegetables and cancer prevention. Nutr Cancer 41, 17–28, 
2001. doi: 10.1080/01635581.2001.968060712094621

9. Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective. Washington 
DC, 2007.

10. Gupta P , Wright SE , Kim SH , Srivastava SK : Phenethyl isothiocyanate: a comprehensive review 
of anti-cancer mechanisms. Biochim Biophys Acta 1846, 405–24, 2014. doi: 10.1016/j.bbcan.
2014.08.00325152445

McManus et al. Page 6

Nutr Cancer. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Byers T , Marshall J , Fiedler R , Zielezny M , Graham S : Assessing nutrient intake with an 
abbreviated dietary interview. Am J Epidemiol 122, 41–50, 19854014200

12. Can ovarian cancer be found early? American Cancer Society, 2016.

13. Jacobs IJ , Menon U , Ryan A , Gentry-Maharaj A , Burnell M , et al.: Ovarian cancer screening 
and mortality in the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS): a 
randomised controlled trial. Lancet 387, 945–56, 2016. doi: 10.1016/s0140-6736(15)01224–
626707054

14. Hu J , Hu Y , Zheng S : Intake of cruciferous vegetables is associated with reduced risk of ovarian 
cancer: a meta-analysis. Asia Pac J Clin Nutr 24, 101–9, 2015. doi: 10.6133/apjcn.
2015.24.1.2225740748

15. Han B , Li X , Yu T : Cruciferous vegetables consumption and the risk of ovarian cancer: a meta 
analysis of observational studies. Diagn Pathol 9, 7, 2014. doi: 10.1186/1746-1596-9-724444040

16. Bosetti C , Filomeno M , Riso P , Polesel J , Levi F , et al.: Cruciferous vegetables and cancer risk 
in a network of case-control studies. Ann Oncol 23, 2198–203, 2012. doi: 10.1093/annonc/
mdr60422328735

17. Tang L , Paonessa JD , Zhang Y , Ambrosone CB , McCann SE : Total isothiocyanate yield from 
raw cruciferous vegetables commonly consumed in the United States. J Funct Foods 5, 1996–
2001, 2013. doi: 10.1016/j.jff.2013.07.01124443655

18. Getahun SM , Chung FL : Conversion of glucosinolates to isothiocyanates in humans after 
ingestion of cooked watercress. Cancer Epidemiol Biomarkers Prev 8, 447–51, 199910350441

19. Link LB , Potter JD : Raw versus cooked vegetables and cancer risk. Cancer Epidemiol Biomarkers 
Prev 13, 1422–35, 200415342442

20. Conaway CC , Getahun SM , Liebes LL , Pusateri DJ , Topham DK , et al.: Disposition of 
glucosinolates and sulforaphane in humans after ingestion of steamed and fresh broccoli. Nutr 
Cancer 38, 168–78, 2000. doi: 10.1207/s15327914nc382_511525594

21. Fahey JW , Zalcmann AT , Talalay P : The chemical diversity and distribution of glucosinolates 
and isothiocyanates among plants. Phytochemistry 56, 5–51, 200111198818

22. Rungapamestry V , Duncan AJ , Fuller Z , Ratcliffe B : Effect of cooking brassica vegetables on 
the subsequent hydrolysis and metabolic fate of glucosinolates. Proc Nutr Soc 66, 69–81, 2007. 
doi: 10.1017/s002966510700531917343774

23. Salvini S , Hunter DJ , Sampson L , Stampfer MJ , Colditz GA , et al.: Food-based validation of a 
dietary questionnaire: the effects of week-to-week variation in food consumption. Int J Epidemiol 
18, 858–867, 19892621022

24. Shu XO , Yang G , Jin F , Liu D , Kushi L , et al.: Validity and reproducibility of the food 
frequency questionnaire used in the Shanghai Women’s Health Study. Eur J Clin Nutr 58, 17–23, 
200414679362

McManus et al. Page 7

Nutr Cancer. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McManus et al. Page 8

Table 1.

Descriptive Characteristics of Ovarian Cancer Cases and Hospital Controls: Roswell Park Cancer Institute, 

Buffalo, NY (1981-1998)

Cases
(n = 675)

Controls
(n = 1275)

p-value

Mean ± SD

Age 55.2 ± 14.0* 55.1 ± 14.3* 0.8157

BMI 25.5 ± 5.5* 25.5 ± 5.3* 0.8960

Number (%)

Education
    ≤ High School
    At least some college

369 (54.7) †
306 (45.3)

683(53.6)
592 (46.4) 0.6435

Smoking Status
    Current
    Former
    Never

84 (12.4)†
219 (32.4)
372 (55.1)

237 (18.6)
412 (32.3)
626 (49.1) 0.0013

Family History of Ovarian Cancer
    Yes
    No

28 (4.2)†
647 (95.9)

48 (3.8)
1227 (96.2) 0.6772

Parity
    0
    ≥ 1

156 (23.1)†
519 (76.9)

267(20.9)
1008 (79.1) 0.2687

Oral Contraceptive Use
    Ever
    Never

199 (29.5)†
476 (70.5)

436 (34.2)
   839(65.8) 0.0346

History of Tubal Ligation
    Yes
    No

78 (11.6)†
597 (88.4)

209 (16.4)
1066 (83.6) 0.0041

Total Fruit Consumption (SPM)

    Q1 (11.3
1
)

    Q2 (29.0)
    Q3 (44.5)
    Q4 (62.0)
    Q5 (90.5)

127 (18.8)†
141 (20.9)
133 (19.7)
155 (23.0)
119 (17.6)

269 (21.1)
251 (19.7)
245 (19.2)
259 (20.3)
251 (19.7)

0.4131

Total Meat Consumption (SPM)
    Q1 (6.5)
    Q2 (14.5)
    Q3 (22.0)
    Q4 (32.0)
    Q5 (52.0)

102 (15.1)†
145 (21.5)
128 (19.0)
131 (19.4)
169 (25.0)

255 (20.0)
270 (21.2)
250 (19.6)
245 (19.2)
255 (20.0)

0.0262

Total Consumption of Cruciferous Vegetables (SPM)
    Q1 (4.0)
    Q2 (7.0)
    Q3 (11.5)
    Q4 (22.0)
    Q5 (40.0)

159 (23.6)†
117 (17.3)
146 (21.6)
148 (21.9)
105 (15.6)

278 (21.8)†
232 (18.2)
259 (20.3)
254 (19.9)
252 (19.8)

0.1787

Total Consumption of Non-
Cruciferous Vegetables (SPM)
    Q1 (26.0)
    Q2 (45.0)
    Q3 (60.0)
    Q4 (77.5)
    Q5 (107.0)

125 (18.5)†
151 (22.4)
147 (21.8)
142 (21.0)
110 (16.3)

256 (20.1)
258 (20.2)
257 (20.2)
253 (19.8)
251 (19.7)

0.2753

1
Quintile median servings per month (SPM); Q=quintile.

†
Tested by chi-squared to test for differences in proportion
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Table 2.

Association between Ovarian Cancer and Intake of Cruciferous Vegetables and Other Food Groups of Interest

n Cases    Controls OR
1
 (95% CI)

Total Meat (SPM)
    Q1 (≤10.0)
    Q2 (10.5-18.0)
    Q3 (18.5-26.0)
    Q4 (26.5-40.0)
    Q5 ( > 40.0)

102
145
128
131
169

255
270
250
245
255

1.00
1.35 (0.99-1.84)
1.32 (0.96-1.81)
1.40 (1.02-1.93)
1.85 (1.35-2.54)

Total Fruit (SPM)
    Q1 (≤19.5)
    Q2 (20.0-36.5)
    Q3 (37.0-52.0)
    Q4 (52.5-74.5)
    Q5 ( > 74.5)

127
141
133
155
119

269
251
245
259
251

1.00
1.17 (0.86-1.58)
1.12 (0.82-1.54)
1.31 (0.95-1.79)
1.06 (0.75-1.49)

Total Vegetables (SPM)
    Q1 (≤44.5)
    Q2 (45.0-63.5)
    Q3 (64.0-85.5)
    Q4 (86.0-115.5)
    Q5 ( > 115.5)

136
129
171
138
101

258
252
256
255
254

1.00
0.94 (0.69-1.27)
1.13 (0.84-1.53)
0.89 (0.64-1.22)
0.65 (0.46-0.92)

Non-Cruciferous Vegetables (SPM)
    Q1 (≤35.5)
    Q2 (36.0-52.5)
    Q3 (53.0-68.0)
    Q4 (68.5-90.0)
    Q5 ( > 90.0)

125
151
147
142
110

256
258
257
253
251

1.00
1.13 (0.83-1.54)
1.08 (0.79-1.49)
1.04 (0.74-1.46)
0.86 (0.59-1.25)

Total Cruciferous Vegetables (SPM)
    Q1(≤5.5)
    Q2 (6.0-9.0)
    Q3 (9.5-16.0)
    Q4 (16.5-28.5)
    Q5 ( > 28.5)

159
117
146
148
105

278
232
259
254
252

1.00
0.86 (0.64-1.17)
0.95 (0.71-1.28)
1.00 (0.73-1.36)
0.74 (0.52-1.05)

Raw Cruciferous Vegetables (SPM)
    Q1 (≤1.5)
    Q2 (2.0-2.5)
    Q3 (3.0-4.5)
    Q4 (5.0-11.0)
    Q5 ( > 11.0)

203
92
170
95
115

388
144
340
165
238

1.00
1.13 (0.82-1.56)
0.97 (0.74-1.27)
1.13 (0.81-1.57)
1.09 (0.78-1.51)

Cooked Cruciferous Vegetables (SPM)
    Q1 (≤3.0)
    Q2 (3.5-5.0)
    Q3 (5.5-10.0)
    Q4 (10.5-20.0)
    Q5 ( > 20.0)

175
153
108
134
105

308
268
192
261
246

1.00
1.00 (0.75-1.33)
0.97 (0.71-1.34)
0.89 (0.65-1.21)
0.74 (0.52-1.04)

SPM = Servings per month; Q = quintile; OR=odds ratio; CI=confidence interval

1
Adjusted for Age, BMI, Smoking history, Education, Parity, Family History of Ovarian Cancer, and other (non-overlapping) food groups.
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Table 3.

Association between Ovarian Cancer and Intake of Specific Cruciferous Vegetables

n (%)
Cases  Controls

OR
1
 (95% CI)

Total Broccoli
    ≤ 0.5 SPM
    > 0.5 SPM

185
490

292
983

1.00
0.80 (0.64-1.02)

Raw Broccoli
    ≤ 0.5 SPM
    > 0.5 SPM

420
255

747
528

1.00
0.91 (0.74-1.13)

Cooked Broccoli
    ≤ 0.5 SPM
    > 0.5 SPM

202
473

341
934

1.00
0.87 (0.70-1.10)

Total Cabbage
    ≤ 0.5 SPM
    > 0.5 SPM

285
390

554
721

1.00
1.04 (0.85-1.28)

Raw Cabbage
    ≤ 0.5 SPM
    > 0.5 SPM

326
349

644
631

1.00
1.10 (0.90-1.35)

Cooked Cabbage
    ≤ 0.5 SPM
    > 0.5 SPM

451
224

848
427

1.00
0.99 (0.80-1.22)

Total Cauliflower
    ≤ 0.5 SPM
    > 0.5 SPM

272
403

462
813

1.00
0.83 (0.68-1.02)

Raw Cauliflower
    ≤ 0.5 SPM
    > 0.5 SPM

441
234

814
461

1.00
0.97 (0.78-1.19)

Cooked Cauliflower
    ≤ 0.5 SPM
    > 0.5 SPM

312
363

532
743

1.00
0.82 (0.67-0.99)

Brussels Sprouts
    ≤ 0.5 SPM
    > 0.5 SPM

501
174

946
329

1.00
1.07 (0.86-1.34)

Cooked Greens 
2

    ≤ 0.5 SPM
    > 0.5 SPM

614
61

1099
176

1.00
0.63 (0.46-0.86)

SPM = Servings per month; OR=odds ratio; CI=confidence interval

1
Adjusted for Age, BMI, Smoking History, Education, Parity, Family History of Ovarian Cancer, Total Fruit Consumption, Total Meat 

Consumption and Non-Cruciferous Vegetable Consumption.

2
Includes dandelion, turnip, collard, mustard greens, kale
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