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Abstract
Background: Increasing evidence suggests that nutrients from fruits and vegetables have chemoprotective
effects on various cancers including hematologic malignancies, but the effects of nutritional supplements are
poorly examined.
Methods: Herein, we prospectively evaluated the association of vitamin, mineral, and specialty supplements with incident hematologic malignancies in 66,227 men and women aged 50 to 76 years from
Washington State recruited from year 2000 to 2002 to the VITamins And Lifestyle (VITAL) cohort study.
Hematologic malignancies cases (n ¼ 588) were identified through December 2008 by linkage to the
Surveillance, Epidemiology, and End Results (SEER) cancer registry. HRs and 95% CIs associated with
supplement use were estimated with Cox proportional hazards models.
Results: After adjustment, high use of garlic supplements [4 days per week for 3 years; HR ¼ 0.55
(95% CI ¼ 0.34–0.87); Ptrend ¼ 0.028] and ever use of grape seed supplements [HR ¼ 0.57 (95% CI ¼ 0.37–0.88)]
were inversely associated with hematologic malignancies in our models. In addition, high use (8–10 pill-years)
of multivitamins was suggestive of an inverse association [HR ¼ 0.80 (95% CI ¼ 0.64–1.01)]. In contrast, no
associations were observed for the remaining supplements.
Conclusions: These data indicate that the use of garlic and grape seed may be associated with reduced risk
of hematologic malignancies.
Impact: This is the first cohort study to suggest a possible role of these supplements in the chemoprevention
of hematologic malignancies. Cancer Epidemiol Biomarkers Prev; 20(10); 2298–308. 2011 AACR.

Introduction
The intake of dietary supplements has significantly
increased over the last 3 decades in the United States,
with nearly one-half of older adults currently estimated
to use at least 1 dietary supplement on a regular basis
(1, 2). Although randomized clinical trials on the safety
and efficacy are generally lacking (3), dietary supplements are viewed by the general public as beneficial for
a number of specific medical conditions, general wellbeing, and longevity (4).
Numerous epidemiologic and animal studies have suggested that fruits and vegetables might protect against
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various cancers, including non–Hodgkin lymphoma
(NHL; refs. 5–9). On the other hand, studies of dietary
intake of specific nutrients and hematologic malignancies
have been less consistent (5), and only few studies have
explicitly examined the preventive effect of nutrients from
supplements on blood cancers (9–14). A recent report from
the Iowa Women’s Health Study found no associations for
multivitamin use [relative risk (RR) ¼ 1.07 (95% CI ¼ 0.87–
1.31)] or supplemental intake of vitamin C or E, although
information on duration of use was not available for that
cohort (9). On the other hand, multivitamin use was
associated with a higher risk of NHL among women in
the Nurses’ Health Study [RR ¼ 1.48 (95% CI ¼ 1.01–2.16)]
but not among men in the Health Professionals Follow-up
Study [RR ¼ 0.85 (95% CI ¼ 0.45–1.58); ref. 10]; in both
cohorts, supplements of vitamins A, C, and E were not
independently associated with risk of NHL (10). In comparison, use of multivitamins for 9 years or more was
associated with a reduced risk of NHL in men [OR ¼ 0.5
(95% CI ¼ 0.3–0.9)] but not in women in a populationbased case–control study from eastern Nebraska (11). In
the Alpha-Tocopherol Beta-Carotene Cancer Prevention
study cohort, dietary or supplemental vitamin B12 was
inversely associated with NHL [HR ¼ 0.61 (95% CI ¼ 0.37–
1.00)] but not incident multiple myeloma, whereas no
associations were found for folate, vitamin B2, or vitamin
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B6 (12). Intake of vitamin B6, however, was associated with
reduced risk of NHL in a population-based case–control
study from 4 Surveillance, Epidemiology, and End Results
(SEER) cancer registry centers [OR ¼ 0.57 (95% CI ¼ 0.34–
0.95) for highest vs. lowest quartile; ref. 13]. Finally, in
another case–control study conducted in 4 SEER cancer
registries, vitamin D intake from diet and supplements
was not associated with risk of NHL [RR ¼ 1.10 (95% CI ¼
0.72–1.67) for highest quartile of vitamin D intake; ref. 14].
The VITamin And Lifestyle (VITAL) cohort study was
implemented to assess whether dietary supplement use
was related to cancer risk (15). Herein, we describe results
from our examination of vitamin, mineral, and nonvitamin, nonmineral "specialty" supplement use and incident
hematologic malignancies in the VITAL cohort.

Design and Methods
Study cohort
For study recruitment, questionnaires were mailed to
364,418 men and women aged 50 to 76 years who lived in
the 13-county area in western Washington State covered
by the SEER cancer registry (15). Between October 2000
and December 2002, a total of 79,300 questionnaires were
returned, of which 77,719 were deemed eligible. To avoid
treatment of an earlier cancer as a cause of blood cancer,
we excluded 11,487 participants with prior (n ¼ 11,273) or
missing (n ¼ 214) history of any cancer other than nonmelanoma skin cancer at baseline. For the same reason,
participants were censored at the time of diagnosis of a
nonhematologic cancer after baseline (i.e., at the point
they met an exclusion criterion). We additionally excluded 5 cases with post–baseline blood cancer on death
certificate only without a diagnosis date, leaving 66,227
men and women available for study. The VITAL study
was approved by the Institutional Review Board of the
Fred Hutchinson Cancer Research Center.
Data collection
Participants completed a 24-page self-administered,
sex-specific questionnaire on supplement and medication
use, health history and risk factors, and diet. For each
vitamin, mineral, and specialty supplement taken at least
once a week for 1 year, we ascertained intake from single
supplements and multivitamins, including the duration
in years and frequency of use in days per week during the
10-year period prior to baseline. For individual vitamin
and mineral supplements, we also ascertained the average dose taken per day. The nutrient content of the
multivitamin each participant used was ascertained by
brand name for common multivitamins using information from the Physicians’ Desk Reference for Nonprescription Drugs and Dietary Supplements 2002 (16)
or from the amount of each nutrient in their multivitamin
reported by the participant for less common brands.
From this information, we computed a 10-year average
daily dose of each supplemental nutrient by multiplying
days per week/7  years/10  dose per day and sum-
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ming over the intake from individual nutrient supplements and multivitamins. Intake of each supplemental
vitamin or mineral was then categorized into 4 groups of
10-year average daily dose: none and tertiles of use. For
the less commonly used vitamins and minerals (all except
multivitamins, vitamin C, vitamin E, and calcium), the
cutoff point for the highest category was changed to be
more than the amount of that nutrient that would be
obtained from 10-year daily use of the multivitamin pill
Centrum Silver (Wyeth). Because the amount of iron
varies considerably in different formulations of multivitamins, and the amount that would be obtained from
daily use of Centrum Silver (4.0 mg/d) is relatively low,
we defined the highest category of iron supplement use
as greater than the amount that would be obtained from
daily use of several common multivitamin pills [18.0 mg/
d; e.g., Centrum (Wyeth)]. Finally, 10-year use of most
specialty supplements was categorized as "no use," "low
use" (<4 days per week or <3 y), or "high use" (4 days
per week and 3 y). Because of small number of users,
10-year use of ginseng and of grape seed were categorized as "never use" or "ever use." Intake of specialty
supplements from multivitamin sources was included in
our estimates of 10-year use of garlic, Ginkgo biloba,
ginseng, and grape seed; intake of these supplements
from multivitamins alone was classified as "low" 10-year
average use, because the amounts of these supplements
in multivitamins are generally much lower than those in
individual supplements.
Case ascertainment
Incident cases of hematologic and other malignancies
were identified through December 2008 by annual linkage to the western Washington SEER cancer registry
using matching algorithms described previously (15).
Cases were categorized using the 2008 WHO classification system (17).
Follow-up for censoring
The end date of follow-up was the earliest date of the
following events: diagnosis of hematologic malignancy
(0.9%), withdrawal from study (0.03%), emigration from
the SEER region (5.3%), diagnosis of cancer other than
hematologic malignancy or nonmelanoma skin cancer
(9.4%), death (3.1%), or last linkage to the SEER registry
(December 31, 2008; 81.3%). Moves out of the SEER region
were identified via linkage to the National Change of
Address file, follow-up letters, and phone calls. Deaths
were ascertained via linkage to the Washington State
death file.
Statistical analysis
Characteristics between cases and noncases were
compared with unpaired Student’s t tests and Fisher’s
exact tests, as appropriate. Sex- and multivariable-adjusted Cox proportional hazards models using robust
standard errors (18) were used to estimate HRs and 95%
CIs for the associations between supplement use and
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risk of hematologic malignancies. Age was the time
metric in regression models, with participants entering
at the age of completing the baseline questionnaire and
exiting at their age at end of follow-up. We selected a
priori potential confounders including known and suspected risk factors for hematologic malignancies and
medical conditions that may be indications for use of
supplements for adjustment in multivariable regression
models. Specifically, all models were adjusted for sex,
race/ethnicity (white, Hispanic, other), education (high
school graduate or less, some college, college or advanced degree), smoking (pack-years), self-rated health
(excellent, very good, good, fair, poor), vegetable servings per day (excluding potato servings); fruit servings
per day; history of coronary artery disease (defined as
history of heart attack, coronary bypass surgery, angioplasty, and/or angina; yes, no), history of rheumatoid
arthritis (yes, no), history of fatigue or lack of energy
over the year prior to baseline (yes, no), and number of
first-degree relatives with a history of leukemia or
lymphoma (none, 1, 2). The model for iron was additionally adjusted for anemia in the year prior to baseline. The models for glucosamine and chondroitin were
additionally adjusted for history of osteoarthritis or
chronic joint pain. P values for trend were computed
by using the categorized 10-year average use variable as
an ordinal variable in the model. P values for interaction
between a supplement and gender were computed by
including a multiplicative term of the ordinal variable
and gender in the multivariable models. Because different morphologies may have different etiologies, we
examined the associations of supplement use with hematologic malignancies stratified by tumor morphology. In these analyses, cases of the other morphologies
were censored at the time of cancer diagnosis. All
analyses were conducted using STATA 11 (StataCorp)
and all reported P values are 2-sided, with a P value
<0.05 considered statistically significant.

Results
Overall, 66,227 men and women, aged 61.57.4
(mean  SD) years, met inclusion criteria for this study.
After a mean follow-up of 6.5  1.8 years, 588 (0.89%)
developed a hematologic malignancy (Table 1). Baseline
characteristics of cases and noncases (demographic information, lifestyle factors, and medical history) are
summarized in Table 2. Participants who developed
a hematologic malignancy were older at baseline
(65.6  7.1 vs. 61.5  7.4 years), were more likely male,
and more often had 2 or more first-degree relatives with
a family history of leukemia or lymphoma. Cases also
more often rated their health in the lower 3 of 5 categories, more often had a history of rheumatoid arthritis
or coronary artery disease, and more likely reported
anemia than noncases.
As shown in Tables 3 and 4, the use of none of the
vitamin or mineral supplements in the 10 years prior to
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Table 1. Classification of incident hematologic
malignancies
Disease

Cases n (%)

Myeloid neoplasms
Myelodysplastic syndromes
Acute myeloid leukemia
Myeloproliferative neoplasmsa
Mature B-cell neoplasms
CLL/SLL
Plasma cell disorders
Other mature B-cell neoplasm entities
Hodgkin lymphoma
Mature T-cell and natural killer
cell neoplasms
Othersb
Total

138
55
36
47
396
91
67
238
23
17

(23.5)
(9.4)
(6.1)
(8.0)
(67.3)
(15.5)
(11.4)
(40.5)
(3.9)
(2.9)

14 (2.4)
588 (100)

a

Includes the diagnostic category of myelodysplastic/myeloproliferative neoplasms.
b
Includes cases of malignant lymphoma, not otherwise
specified (NOS); leukemia, NOS; acute biphenotypic leukemia; and precursor B-cell lymphoblastic leukemia.

baseline was statistically significantly associated with
risk of hematologic cancers. High use of multivitamins
(equivalent to 8 years of daily use in the 10 years
before baseline) was associated with a 20% statistically
nonsignificantly reduced risk [HR ¼ 0.80 [95% CI ¼
0.64–1.01)]. Table 5 summarizes the associations between specialty supplement use and hematologic malignancies. Ever use of grape seed supplements was
associated with a reduced risk [HR ¼ 0.57 (95% CI ¼
0.37–0.88)]. In addition, high 10-year use of garlic supplements was inversely associated with a reduced risk
[HR ¼ 0.55 (95% CI ¼ 0.34–0.87); Ptrend ¼ 0.028]. There
were no associations for the remaining supplements
with hematologic malignancies.
To address the possibility that these supplements were
used to treat symptoms of an occult hematologic malignancy, we repeated these analyses after exclusion of cases
that were diagnosed within 2 years after baseline (n ¼
149). The associations between incident hematologic malignancies and supplement use were very similar to the
analyses that included all cases [HR for ever use of grape
seeds ¼ 0.53 (95% CI ¼ 0.32–0.89); HR for high use of
garlic ¼ 0.48 (95% CI ¼ 0.27–0.86); and HR for high use of
multivitamins ¼ 0.80 (95% CI ¼ 0.62–1.04)].
When the analysis was stratified by gender, we found
that the associations between ever use of grape seed or
high use of garlic or high use of multivitamins and
incident hematologic malignancies were very similar
for males and females [for males: HR for ever use of
grape seed ¼ 0.57 (95% CI ¼ 0.33–0.99); HR for high use
of garlic ¼ 0.52 (95% CI ¼ 0.28–0.95); and HR for high use
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Table 2. Associations between baseline characteristics and risk of hematologic malignancies
Characteristic

Cases
(n ¼ 588), n (%)

Demographic factors
Age at baseline, y, n (%)
<55
47
55 to <60
111
60 to <65
97
65 to <70
123
70
210
Gender, n (%)
Female
232
Male
356
Race/ethnicity, n (%)
White
544
Hispanic
8
Other
27
Education, n (%)
High school graduate or less
127
Some college
200
College or advanced degree
252
Lifestyle
Smoking status
Never smoker, n (%)
259
Pack-years,a mean (SD)
28.1
Medical history
Self-reported health, n (%)
Excellent
66
Very good
218
Good
209
Fair
67
Poor
15
History of coronary artery disease, n (%)
No
499
Yes
89
History of rheumatoid arthritis, n (%)
No
551
Yes
37
History of fatigue/lack of energy, n (%)
No
480
Yes
108
History of anemia, n (%)
No
565
Yes
23
Family history of leukemia/lymphoma, n (%)
None
533
1 first-degree relative
34
2 first-degree relatives
6
a

Noncases
(n ¼ 65,639), n (%)

Age- and sex-adjusted
HR (95% CI)

N/A
(8.0)
(18.9)
(16.5)
(20.9)
(35.7)

16,459
15,531
11,945
10,339
11,365

(25.1)
(23.7)
(18.2)
(15.8)
(17.3)

(39.5)
(60.5)

33,408 (50.9)
32,231 (49.1)

1.00 (reference)
1.67 (1.42–1.98)

(94.0)
(1.4)
(4.7)

60,047 (93.0)
577 (0.9)
3,916 (6.1)

1.00 (reference)
1.81 (0.90–3.65)
0.80 (0.54–1.18)

(21.9)
(34.5)
(43.5)

12,532 (19.4)
24,711 (38.3)
27,316 (42.3)

1.00 (reference)
0.96 (0.77–1.20)
1.08 (0.86–1.34)

(44.1)
(24.0)

31,381 (47.8)
25.6 (23.2)

1.00 (0.99–1.00)

(11.5)
(37.9)
(36.3)
(11.7)
(2.6)

10,234
25,507
21,608
6,254
1,029

1.00
1.24
1.34
1.50
2.34

(84.9)
(15.1)

59,913 (91.3)
5,712 (8.7)

1.00 (reference)
1.25 (0.98–1.59)

(93.7)
(6.3)

63,200 (96.3)
2,425 (3.7)

1.00 (reference)
1.60 (1.14–2.24)

(81.6)
(18.4)

53,911 (82.2)
11,714 (17.8)

1.00 (reference)
1.16 (0.94–1.43)

(96.1)
(3.9)

64,181 (97.8)
1,444 (2.2)

1.00 (reference)
2.17 (1.42–3.30)

(93.0)
(5.9)
(1.0)

61,335 (94.6)
3,346 (5.2)
147 (0.2)

1.00 (reference)
1.15 (0.81–1.62)
4.13 (1.84–9.25)

(15.8)
(39.5)
(33.4)
(9.7)
(1.6)

(reference)
(0.94–1.63)
(1.02–1.77)
(1.07–2.10)
(1.34–4.09)

Among smokers and former smokers.

of multivitamins ¼ 0.87 (95% CI ¼ 0.66–1.15); for females:
HR for ever use of grape seed ¼ 0.58 (95% CI ¼ 0.30–1.13);
HR for high use of garlic ¼ 0.59 (95% CI ¼ 0.28–1.26);
and HR for high use of multivitamins ¼ 0.73 (95% CI ¼
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0.50–1.07)]. All tests for interaction were not statistically
significant (P > 0.80). The smaller number of female cases
in the study likely explains the wider CIs for estimates in
females.
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Table 3. Associations between 10-year supplemental vitamin intake and risk of hematologic malignancies
10-y average daily
use prior to baselinea
Multivitamins
None
>0–2.5 pill-yearsc
>2.5–8.0 pill-years
>8–10 pill-years
Ptrend
Retinol
None
19.3–510.0 mg/d
510.1–1,200.0 mg/d
1,200.1–8,790.0 mg/dd
Ptrend
b-Carotene
None
6.4–377.0 mg/d
377.1–600.0 mg/d
600.1–13,554.0 mg/dd
Ptrend
Folic acid
None
8.6–200.0 mg/d
200.1–400.0 mg/d
400.1–1,400.0 mg/dd
Ptrend
Thiamine (vitamin B1)
None
0.032–0.750 mg/d
0.751–1.50 mg/d
1.51–104.65 mg/dd
Ptrend
Niacin (vitamin B3)
None
0.4–10.0 mg/d
10.1–20.0 mg/d
20.1–1,024.0 mg/dd
Ptrend
Vitamin B6
None
0.04–1.40 mg/d
1.41–3.00 mg/d
3.01–270.0 mg/dd
Ptrend
Vitamin B12
None
0.1–5.0 mg/d
5.1–25.0 mg/d
25.1–300.0 mg/dd
Ptrend

Cases,
n (%)

Noncases,
n (%)

Age- and sex-adjusted
HR (95% CI)

Multivariable adjusted
HR (95% CI)b

219
98
133
138

(37.2)
(16.7)
(22.6)
(23.5)

22,882
11,407
14,804
16,538

(34.9)
(17.4)
(22.6)
(25.2)

1.00 (reference)
1.01 (0.80–1.29)
0.99 (0.80–1.23)
0.80 (0.64–0.99)
0.057

1.00 (reference)
1.03 (0.80–1.33)
1.01 (0.81–1.27)
0.80 (0.64- -1.01)
0.085

206
129
201
50

(35.2)
(22.0)
(34.3)
(8.5)

21,556
14,741
21,931
6,365

(33.4)
(22.8)
(34.0)
(9.9)

1.00 (reference)
1.02 (0.82–1.28)
0.92 (0.76–1.12)
0.79 (0.58–1.08)
0.137

1.00 (reference)
1.06 (0.84–1.33)
0.93 (0.76–1.15)
0.80 (0.58–1.12)
0.188

212
111
93
168

(36.3)
(19.0)
(15.9)
(28.8)

22,750
13,992
9,254
18,880

(35.1)
(21.6)
(14.3)
(29.1)

1.00 (reference)
0.93 (0.74–1.17)
1.05 (0.82–1.34)
0.93 (0.76–1.14)
0.626

1.00 (reference)
0.94 (0.74–1.20)
1.10 (0.85–1.42)
0.94 (0.76–1.17)
0.774

206
155
178
49

(35.0)
(26.4)
(30.3)
(8.3)

21,147
18,526
20,778
4,742

(32.4)
(28.4)
(31.9)
(7.3)

1.00 (reference)
0.94 (0.76–1.16)
0.84 (0.68–1.03)
1.05 (0.77–1.43)
0.340

1.00 (reference)
0.94 (0.75–1.17)
0.84 (0.68–1.04)
0.99 (0.71–1.38)
0.278

210
131
141
105

(35.8)
(22.3)
(24.0)
(17.9)

21,786
15,549
16,260
11,571

(33.4)
(23.9)
(25.0)
(17.8)

1.00 (reference)
0.95 (0.77–1.19)
0.86 (0.69–1.06)
0.98 (0.77–1.23)
0.466

1.00 (reference)
0.98 (0.78–1.24)
0.86 (0.69–1.09)
0.97 (0.76–1.25)
0.493

205
148
184
48

(35.0)
(25.3)
(31.5)
(8.2)

21,556
17,668
20,017
5,914

(33.1)
(27.1)
(30.7)
(9.1)

1.00 (reference)
0.97 (0.78-1.19)
0.93 (0.76-1.13)
0.82 (0.60-1.13)
0.224

1.00 (reference)
1.00 (0.80–1.25)
0.93 (0.75–1.15)
0.82 (0.59–1.14)
0.241

203
123
152
109

(34.6)
(21.0)
(25.9)
(18.6)

21,153
14,871
16,858
12,310

(32.5)
(22.8)
(25.9)
(18.9)

1.00 (reference)
0.95 (0.76-1.19)
0.88 (0.71-1.08)
0.98 (0.78-1.24)
0.544

1.00 (reference)
0.99 (0.78–1.25)
0.89 (0.71–1.11)
1.01 (0.79–1.30)
0.732

202
128
194
63

(34.4)
(21.8)
(33.1)
(10.7)

21,134
15,542
21,511
6,887

(32.5)
(23.9)
(33.1)
(10.6)

1.00 (reference)
0.96 (0.77–1.20)
0.90 (0.74–1.10)
0.96 (0.72–1.28)
0.457

1.00 (reference)
0.98 (0.77–1.24)
0.92 (0.74–1.14)
0.94 (0.69–1.27)
0.466

(Continued on the following page)
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Table 3. Associations between 10-year supplemental vitamin intake and risk of hematologic
malignancies (Cont'd )
10-y average daily
use prior to baselinea
Vitamin C
None
1–60.05 mg/d
60.06–322.05 mg/dd
322.06–1,600.0 mg/dd
Ptrend
Vitamin De
None
0.2–5.0 mg/d
5.1–10.0 mg/d
10.1–30.0 mg/dd
Ptrend
Vitamin Ef
None
1.3–42.0 mg/d
42.1–215.0 mg/dd
215.1–1,000.0 mg/dd
Ptrend

Cases,
n (%)

Noncases,
n (%)

Age- and sex-adjusted
HR (95% CI)

Multivariable adjusted
HR (95% CI)b

168
136
133
148

(28.7)
(23.3)
(22.7)
(25.3)

17,755
16,336
15,383
15,654

(27.3)
(25.1)
(23.6)
(24.0)

1.00 (reference)
0.90 (0.71–1.12)
0.92 (0.73–1.16)
0.94 (0.76–1.18)
0.663

1.00 (reference)
0.93 (0.74–1.19)
0.95 (0.75–1.22)
0.96 (0.76–1.22)
0.799

200
153
196
34

(34.3)
(26.2)
(33.6)
(5.8)

21,077
18,729
20,987
4,149

(32.5)
(28.8)
(32.3)
(6.4)

1.00 (reference)
0.94 (0.76–1.17)
0.94 (0.77–1.15)
0.86 (0.60–1.24)
0.415

1.00 (reference)
0.97 (0.78–1.22)
0.95 (0.77–1.18)
0.86 (0.58–1.27)
0.463

162
130
147
146

(27.7)
(22.2)
(25.1)
(25.0)

17,409
16,252
16,042
15,456

(26.7)
(25.0)
(24.6)
(23.7)

1.00 (reference)
0.90 (0.72–1.14)
0.98 (0.78–1.23)
0.91 (0.72–1.14)
0.544

1.00 (reference)
0.92 (0.72–1.18)
0.95 (0.75–1.21)
0.89 (0.70–1.13)
0.419

a

From single supplements (and mixtures other than multivitamins) plus multivitamins. See Design and Methods for how 10-year
average dose was computed and categorized.
b
All models adjusted for age, sex, race/ethnicity, education, smoking, self-reported health, consumption of fruits and vegetables
(without potatoes), history of coronary artery disease, history of rheumatoid arthritis, history of fatigue/lack of energy, and family
history of leukemia/lymphoma.
c
Pill-years ¼ days per week/7  years of use in 10 years before baseline.
d
Greater than amount of that nutrient that could be obtained from 10-year daily use of the multivitamin Centrum Silver.
e
Denotes mg/d of cholecalciferol.
f
Denotes mg/d of a-tocopherol.

Finally, we examined the associations of 10-year average use of multivitamin, garlic, and grape seed supplements with hematologic malignancies characterized
by morphology. Long-term use of multivitamins
seemed to be associated with reduced risk of myeloid
neoplasms [HR ¼ 0.71 (95% CI ¼ 0.44–1.15) for 8–10 pill
years vs. none in last 10 years], mature B-cell neoplasm
other than chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) or plasma cell disorders [HR ¼ 0.87 (95% CI ¼ 0.60–1.25)], and plasma cell
disorders [HR ¼ 0.53 (95% CI ¼ 0.26–1.07)], but not
CLL/SLL [HR ¼ 0.99 (95% CI ¼ 0.60–1.82)]. The use of
grape seed supplements seemed to be associated with
reduced risk of all 4 of these groups of hematologic
malignancies (HR range 0.11–0.78 for ever vs. never
use), as was high use of garlic (HR range 0.29–0.77
for high use vs. none). However, all of the CIs were
wide (most likely due to the small number of cases in
these disease categories) and most included 1, so no
clear conclusions can be drawn.

www.aacrjournals.org

Discussion
In this large prospective study, high use of garlic and
ever use of grape seeds were associated with a lower risk
of hematologic malignancies. In contrast, we found no
association between risk of total hematologic malignancies and use of any of the individual vitamins, minerals,
or other specialty supplements assessed.
Over-the-counter multivitamins are the most widely
used dietary supplements in the United States (19). Although experimental studies suggested favorable effects
of individual vitamins on various biological processes
involved in tumorigenesis (20–23), a systematic review
and a recent analysis from the Women’s Health Initiative
cohorts found no evidence that multivitamin supplements could prevent common cancers, but hematologic
malignancies have not been examined in these reports
(24, 25). The few previous studies on dietary supplement
use and risk of hematologic malignancies have been
mostly focused on NHL and on only the most commonly
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Table 4. Associations between 10-year supplemental mineral intake and risk of hematologic malignancies
10-y average daily use
prior to baselinea
Calcium
None
1.7–127.3 mg/d
127.3–318.6 mg/d
318.7–1,950.0 mg/dc
Ptrend
Iron
None
0.1–4.0 mg/d
4.1–18.0 mg/d
18.1–68.0 mg/dc
Ptrend
Magnesium
None
1.1–50.0 mg/d
50.1–100.0 mg/d
100.1–500.0 mg/dc
Ptrend
Zinc
None
0.32–7.50 mg/d
7.51–15.0 mg/d
15.1–130.0 mg/dc
Ptrend
Selenium
None
0.21–10.10 mg/d
10.11–20.0 mg/d
20.1–400.0 mg/dc
Ptrend
Chromium
None
0.2–34.0 mg/d
34.1–130.0 mg/d
130.1–393.0 mg/dc
Ptrend

Cases,
n (%)

Noncases,
n (%)

Age- and sex-adjusted
HR (95% CI)

Multivariable adjusted
HR (95% CI)b

162
161
130
132

(27.7)
(27.5)
(22.2)
(22.6)

17,607
16,287
15,797
15,509

(27.0)
(25.0)
(24.2)
(23.8)

1.00 (reference)
1.11 (0.89–1.39)
0.88 (0.70–1.12)
0.96 (0.75–1.22)
0.359

1.00 (reference)
1.15 (0.91–1.45)
0.88 (0.69–1.13)
0.98 (0.76–1.27)
0.438

220
130
208
22

(37.9)
(22.4)
(35.9)
(3.8)

23,571
13,777
24,799
2,563

(36.4)
(21.3)
(38.3)
(4.0)

1.00 (reference)
1.02 (0.82–1.27)
0.93 (0.76–1.12)
1.09 (0.70–1.70)
0.585

1.00 (reference)
1.04 (0.83–1.32)
0.93 (0.76–1.14)
1.12 (0.71–1.76)
0.668

208
151
180
47

(35.5)
(25.8)
(30.7)
(8.0)

22,023
17,881
19,620
5,639

(33.8)
(27.4)
(30.1)
(8.7)

1.00 (reference)
0.98 (0.79–1.21)
0.93 (0.76–1.14)
0.90 (0.66–1.24)
0.410

1.00 (reference)
1.00 (0.80–1.25)
0.94 (0.76–1.16)
0.93 (0.66–1.30)
0.495

207
141
154
86

(35.2)
(24.0)
(26.2)
(14.6)

21,834
17,214
17,650
8,475

(33.5)
(26.4)
(27.1)
(13.0)

1.00 (reference)
0.95 (0.77–1.18)
0.89 (0.72–1.10)
1.01 (0.78–1.30)
0.660

1.00 (reference)
0.97 (0.77–1.21)
0.90 (0.72–1.13)
0.99 (0.75–1.29)
0.625

208
123
113
140

(35.6)
(21.1)
(19.4)
(24.0)

22,932
14,228
12,697
15,407

(35.1)
(21.8)
(19.5)
(23.6)

1.00 (reference)
1.05 (0.84–1.31)
0.96 (0.76–1.20)
0.97 (0.78–1.20)
0.650

1.00 (reference)
1.07 (0.84–1.35)
0.96 (0.75–1.22)
0.95 (0.75–1.20)
0.556

220
119
228
20

(37.5)
(20.3)
(38.8)
(3.4)

23,427
14,173
25,566
2,094

(35.9)
(21.7)
(39.2)
(3.2)

1.00 (reference)
1.00 (0.80–1.25)
0.93 (0.77–1.11)
0.94 (0.60–1.49)
0.422

1.00 (reference)
1.02 (0.80–1.29)
0.94 (0.77–1.14)
0.86 (0.52–1.44)
0.437

a

From single supplements (and mixtures other than multivitamins) plus multivitamins. See Design and Methods for how 10-year
average dose was computed and categorized.
b
All models adjusted for age, sex, race/ethnicity, education, smoking, self-reported health, consumption of fruits and vegetables
(without potatoes), history of coronary artery disease, history of rheumatoid arthritis, history of fatigue/lack of energy, and family
history of leukemia/lymphoma. The model for iron was additionally adjusted for anemia within the last year prior to baseline.
c
Greater than amount of that nutrient that could be obtained from 10-year daily use of the multivitamin Centrum Silver.

used supplements (9–14). Together, results for multivitamin use across studies, including ours, are inconsistent
for multivitamin use but generally show no associations
of use of supplemental vitamin A (primarily retinol),
vitamin C, or vitamin E with hematologic malignancies.
A number of experimental studies have suggested that
garlic or specific garlic compounds, most prominently
organic sulfur compounds (such as allicin, S-allylmer-
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captocysteine, S-allylcysteine, diallyl sulfide, diallyl disulfide, and diallyl trisulfide), could prevent cancer
through mechanisms that may include the modulation
of carcinogen metabolism, inhibition of DNA adduct
formation, upregulation of antioxidant defenses and
DNA repair systems, and the promotion of mitotic arrest
and apoptotic cell death of cancer cells (26–33). In contrast
to these in vitro and in vivo experimental investigations,
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Table 5. Associations between 10-year specialty supplement use and risk of hematologic malignancies
10-y average daily
use prior to baselinea
Glucosamine
None
Low use
High use
Ptrend
Chondroitin
None
Low use
High use
Ptrend
Ginsengc
None
Ever use
Pdifference
Grape seedc
None
Ever use
Pdifference
Ginko bilobac
None
Low use
High use
Ptrend
Garlicc
None
Low use
High use
Ptrend
Fish oil
None
Low use
High use
Ptrend

Cases,
n (%)

Noncases,
n (%)

Age- and sex-adjusted
HR (95% CI)

Multivariable adjusted
HR (95% CI)b

458 (77.9)
85 (14.5)
45 (7.7)

52,245 (79.9)
8,470 (13.0)
4,700 (7.2)

1.00 (reference)
1.16 (0.92–1.47)
1.00 (0.74–1.36)
0.546

1.00 (reference)
1.12 (0.87–1.43)
0.96 (0.69–1.33)
0.871

493 (83.8)
65 (11.1)
30 (5.1)

56,662 (86.6)
5,716 (8.7)
3,082 (4.7)

1.00 (reference)
1.30 (1.00–1.68)
1.01 (0.70–1.47)
0.286

1.00 (reference)
1.21 (0.92–1.60)
0.99 (0.67–1.46)
0.540

549 (93.7)
37 (6.3)

59,922 (91.6)
5,507 (8.4)

1.00 (reference)
0.83 (0.60–1.16)
0.280

1.00 (reference)
0.79 (0.55–1.12)
0.186

560 (95.2)
28 (4.8)

60,511 (92.4)
4,991 (7.6)

1.00 (reference)
0.68 (0.47–1.00)
0.047

1.00 (reference)
0.57 (0.37–0.88)
0.010

514 (87.9)
40 (6.8)
31 (5.3)

56,342 (86.2)
5,914 (9.0)
3,134 (4.8)

1.00 (reference)
0.82 (0.59–1.13)
1.05 (0.73–1.51)
0.717

1.00 (reference)
0.77 (0.55–1.09)
0.94 (0.63–1.41)
0.342

523 (89.4)
38 (6.5)
24 (4.1)

57,738 (88.3)
4,156 (6.4)
3,501 (5.4)

1.00 (reference)
1.06 (0.76–1.47)
0.65 (0.43–0.98)
0.084

1.00 (reference)
1.07 (0.76–1.51)
0.55 (0.34–0.87)
0.028

538 (91.7)
30 (5.1)
19 (3.2)

59,063 (90.3)
3,608 (5.5)
2,763 (4.2)

1.00 (reference)
1.00 (0.69–1.44)
0.71 (0.45–1.12)
0.178

1.00 (reference)
0.92 (0.62–1.36)
0.66 (0.40–1.08)
0.098

Specialty supplement use was categorized as never use ("none"), low use (use for <4 days per week or <3 years), high use (use for at
least 4 days per week and at least 3 years), or ever use.
b
All models adjusted for age, sex, race/ethnicity, education, smoking, self-reported health, consumption of fruits and vegetables
(without potatoes), history of coronary artery disease, history of rheumatoid arthritis, history of fatigue/lack of energy, and family
history of leukemia/lymphoma. The models for glucosamine and chondroitin were additionally adjusted for history of nonrheumatoid
arthritis or chronic neck/back/joint pain.
c
From single supplements (and mixtures other than multivitamins) plus multivitamins; those with only multivitamin source coded as
"low" 10-year average use.
a

epidemiologic studies have yielded mixed results (34).
Specifically, some case–control studies have suggested
reduced risk of cancers of the stomach, larynx, breast, and
prostate with the use of Allium vegetables, including
garlic (35–39). In contrast, a prospective study found a
higher risk of lung cancer for subjects who exclusively
used garlic supplements [HR ¼ 1.78 (95% CI ¼ 1.08–2.92);
ref. 40] and no association with breast (41) or colorectal
(42) cancer. Our study is the first to investigate garlic
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supplements in relation to hematologic malignances and
suggests a protective association in both men and women
of similar magnitude.
Grape seeds are a rich source of proanthocyanidins,
which possess potent antioxidant properties and, like
many phytochemicals, have shown promising chemopreventive effects in vitro and in animal models
(43–45). Although the exact mechanism underlying
chemopreventive effects of grape seed proanthocyanidins
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remains unclear, several molecular targets have been
identified, including nuclear factor-kappa B, mitogenactivated protein kinases, and phosphoinositide
3-kinase/AKT (45). A recent randomized controlled trial
in subjects with type 2 diabetes found that grape seed
extracts, but not placebo, significantly improved markers
of inflammation (C-reactive protein, reduced glutathione), suggesting that grape seeds have clinically relevant
anti-inflammatory properties (46). Although, to our
knowledge, no study has so far assessed the association
of grape seed supplements with incident hematologic
malignancies, a recent report from the Iowa Women’s
Health Study showed that dietary proanthocyanidins
were associated with a significantly reduced risk of
NHL [RR ¼ 0.70 (95% CI ¼ 0.52–0.94); ref. 9], that is, an
effect of similar magnitude as that observed in our study.
Two recent studies have similarly found associations
between the use of grape seed supplements and reduced
risk of cancer. Specifically, we previously reported strong
inverse associations between the use of grape seed supplements and the risk of prostate cancer [HR 0.59 (95% CI
¼ 0.40–0.86)] in the VITAL cohort (47). In addition, use of
grape seeds was associated with reduced risks of cutaneous squamous cell skin cancer [OR ¼ 0.26 (95% CI ¼
0.08–0.89)] in a recent case–control study (48), lending
further support to the hypothesis that grape seed supplements may have chemopreventive properties in humans.
Strengths of this study include its prospective design,
the large cohort size, and case ascertainment through the
SEER cancer registry. In addition, supplement users were
targeted for recruitment and detailed information was
collected on current and long-term supplement exposure
(15). Because multivitamins contain multiple nutrients,
we also attempted to separate associations with specific
supplemental nutrients from those using multivitamin
only by restricting the highest category of users to
participants with a 10-year average dose that was greater than what could be obtained from 10 years of daily
use of a common multivitamin formulation. Thus, our
results for the highest exposure category reflect high use
of the individual nutrient supplement or use of a multivitamin with a high dose of the nutrient. Only 5% of
the cohort moved out of the SEER catchment area over
the 7 years of follow-up, and bias due to differential loss
to follow-up is therefore unlikely to explain our findings. Furthermore, the availability of baseline information on personal lifestyle and medical history allowed
adjustment for major potential confounding factors,
including adjustment for confounding by suspected
indication for supplement use, although residual confounding cannot be excluded.
On the other hand, limitations in our measurement of
supplements need to be recognized. First, our 10-year
dose variable for each nutrient combines information
on years, frequency, and dose per day of use of each
of multivitamin and individual supplements into a
summary dose variable. In so doing, the individual
associations with dose per day, years of use, or some other
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combination of these would have been missed. Second, we
only ascertained the daily dose for vitamins and minerals
but not specialty supplements, in part because there is
evidence that the advertised dose of specialty supplements can vary substantially from the actual dose (49).
Third, supplement use was ascertained by participant
self-report. However, a previous study showed high reproducibility and validity for the self-reported information on supplement use in the VITAL cohort (50). Fourth,
our result for grape seed was based on a crude variable of
ever/never use over the 10 years before baseline. However, among users, 84% took the supplements at least
4 days per week, 46% had taken it for at least 3 years
before baseline, and 62% were still taking the supplement
at baseline and would, therefore, have accumulated additional use after baseline. Measurement errors from these
sources are likely to be nondifferential and would therefore attenuate our risk estimates, possibly masking small
associations.
In addition, our study may be limited by the fact that
some hematologic malignancies may require a prolonged
period of time to develop and become clinically manifest.
Although we were able to follow our study cohort for an
average of 6.5 years, we cannot exclude the possibility that
this follow-up is insufficient to observe a true association
between supplement intake and some incident hematologic malignancies. Furthermore, stratified analyses of the
associations between use of supplements and risk of
hematologic malignancies were limited in power, in
part due to the diversity of hematologic malignancies
and low incidence of these cancers; as a result, we were
unable to conduct statistically meaningful subgroup
analyses exploring whether the associations of 10-year
average use of garlic, grape seed, and multivitamin
supplements differed by specific tumor morphology.
Finally, because we investigated 24 types of supplements, the possibility of chance finding due to multiple
testing needs to be acknowledged.
Of some concern is the possibility of reverse causation,
that is, disease symptoms could lead to exposures (e.g.,
supplement use) rather than the reverse. However, for
most supplements, the highest use category required
many years of use, and we accounted for self-reported
health in multivariable adjusted models. Nonetheless, we
additionally excluded cases arising in the first 2 years of
follow-up in additional analyses. In these analyses, the
HRs for high use of garlic, ever use of grape seeds, and
high use of multivitamin pills were very similar to those
obtained when all cases were included.
In conclusion, we observed that the use of garlic
and grape seeds supplements is associated with lower
incidence of hematologic malignancies. Our findings
suggest a possible role of these supplements in the
chemoprevention of hematologic malignancies, but
further, controlled studies will need to confirm these
findings. The other supplements assessed in our study
are unlikely to be useful for the prevention of hematologic malignancies.

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on June 22, 2021. © 2011 American Association for Cancer Research.

Published OnlineFirst July 29, 2011; DOI: 10.1158/1055-9965.EPI-11-0494

Supplements and Incidence of Hematologic Cancers

Disclosure of Potential Conflicts of Interest
No potential conflicts of interests were disclosed.

Authors' Contributions
R.B. Walter and E. White designed and carried out research, analyzed and
interpreted data, and drafted the manuscript; T.M. Brasky and F. Milano
analyzed and interpreted data and revised the manuscript.

Grant Support
This work was supported by grants P30-CA15704-35S6 (to R.B. Walter), K05CA154337 (to E. White), R01-CA142545 (to E. White), and R25-CA094880 (to T.M.
Brasky) from the National Cancer Institute/NIH.
The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Received May 25, 2011; revised July 5, 2011; accepted July 25, 2011;
published OnlineFirst July 29, 2011.

References
1.

2.

3.

4.

5.

6.

7.
8.
9.

10.

11.

12.

13.

14.

15.

16.

17.

Millen AE, Dodd KW, Subar AF. Use of vitamin, mineral, nonvitamin,
and nonmineral supplements in the United States: The 1987, 1992,
and 2000 National Health Interview Survey results. J Am Diet Assoc
2004;104:942–50.
Qato DM, Alexander GC, Conti RM, Johnson M, Schumm P, Lindau
ST. Use of prescription and over-the-counter medications and dietary
supplements among older adults in the United States. JAMA
2008;300:2867–78.
Sadovsky R, Collins N, Tighe AP, Brunton SA, Safeer R. Patient use of
dietary supplements: a clinician's perspective. Curr Med Res Opin
2008;24:1209–16.
Blendon RJ, DesRoches CM, Benson JM, Brodie M, Altman DE.
Americans’ views on the use and regulation of dietary supplements.
Arch Intern Med 2001;161:805–10.
World Cancer Research Fund/American Institute for Cancer Research. Food, nutrition, physical activity, and the prevention of cancer:
a global perspective. London, UK: American Institute for Cancer
Research; 2007.
Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to
Mediterranean diet and health status: meta-analysis. BMJ 2008;337:
a1344.
Bode AM, Dong Z. Cancer prevention research—then and now. Nat
Rev Cancer 2009;9:508–16.
Cross AJ, Lim U. The role of dietary factors in the epidemiology of nonHodgkin's lymphoma. Leuk Lymphoma 2006;47:2477–87.
Thompson CA, Habermann TM, Wang AH, Vierkant RA, Folsom AR,
Ross JA, et al. Antioxidant intake from fruits, vegetables and other
sources and risk of non-Hodgkin's lymphoma: the Iowa Women's
Health Study. Int J Cancer 2010;126:992–1003.
Zhang SM, Giovannucci EL, Hunter DJ, Rimm EB, Ascherio A, Colditz
GA, et al. Vitamin supplement use and the risk of non-Hodgkin's
lymphoma among women and men. Am J Epidemiol 2001;153:
1056–63.
Ward MH, Zahm SH, Weisenburger DD, Gridley G, Cantor KP, Saal
RC, et al. Dietary factors and non-Hodgkin's lymphoma in Nebraska
(United States). Cancer Causes Control 1994;5:422–32.
Lim U, Weinstein S, Albanes D, Pietinen P, Teerenhovi L, Taylor PR,
et al. Dietary factors of one-carbon metabolism in relation to nonHodgkin lymphoma and multiple myeloma in a cohort of male smokers. Cancer Epidemiol Biomarkers Prev 2006;15:1109–14.
Lim U, Schenk M, Kelemen LE, Davis S, Cozen W, Hartge P, et al.
Dietary determinants of one-carbon metabolism and the risk of nonHodgkin's lymphoma: NCI-SEER case-control study, 1998–2000. Am
J Epidemiol 2005;162:953–64.
Hartge P, Lim U, Freedman DM, Colt JS, Cerhan JR, Cozen W, et al.
Ultraviolet radiation, dietary vitamin D, and risk of non-Hodgkin
lymphoma (United States). Cancer Causes Control 2006;17:1045–52.
White E, Patterson RE, Kristal AR, Thornquist M, King I, Shattuck
AL, et al. VITamins And Lifestyle cohort study: study design and
characteristics of supplement users. Am J Epidemiol 2004;159:
83–93.
Medical Economics Company. Physicians’ desk reference for nonprescription drugs and dietary supplements. 25th ed. Montvale, NJ:
Medical Economics Company; 2002.
Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al.
WHO classification of tumours of haematopoietic and lymphoid
tissues. 4th ed. Geneva, Switzerland: WHO Press; 2008.

www.aacrjournals.org

18. Lin DY, Wei LJ. The robust interference for the Cox proportional
hazards model. J Am Stat Assoc 1989;84:1074–8.
19. Radimer K, Bindewald B, Hughes J, Ervin B, Swanson C, Picciano MF.
Dietary supplement use by US adults: data from the National Health
and Nutrition Examination Survey, 1999–2000. Am J Epidemiol
2004;160:339–49.
20. Blount BC, Mack MM, Wehr CM, MacGregor JT, Hiatt RA, Wang G,
et al. Folate deficiency causes uracil misincorporation into human
DNA and chromosome breakage: implications for cancer and neuronal damage. Proc Natl Acad Sci U S A 1997;94:3290–5.
21. Ames BN. DNA damage from micronutrient deficiencies is likely to be
a major cause of cancer. Mutat Res 2001;475:7–20.
22. Guyton KZ, Kensler TW, Posner GH. Vitamin D and vitamin D analogs
as cancer chemopreventive agents. Nutr Rev 2003;61:227–38.
23. Krinsky NI, Johnson EJ. Carotenoid actions and their relation to health
and disease. Mol Aspects Med 2005;26:459–516.
24. Huang HY, Caballero B, Chang S, Alberg AJ, Semba RD, Schneyer
CR, et al. The efficacy and safety of multivitamin and mineral supplement use to prevent cancer and chronic disease in adults: a
systematic review for a National Institutes of Health state-of-thescience conference. Ann Intern Med 2006;145:372–85.
25. Neuhouser ML, Wassertheil-Smoller S, Thomson C, Aragaki A, Anderson GL, Manson JE, et al. Multivitamin use and risk of cancer and
cardiovascular disease in the Women's Health Initiative cohorts. Arch
Intern Med 2009;169:294–304.
26. Dorant E, van den Brandt PA, Goldbohm RA, Hermus RJ, Sturmans F.
Garlic and its significance for the prevention of cancer in humans: a
critical view. Br J Cancer 1993;67:424–9.
27. Milner JA. Mechanisms by which garlic and allyl sulfur compounds
suppress carcinogen bioactivation. Garlic and carcinogenesis. Adv
Exp Med Biol 2001;492:69–81.
28. Herman-Antosiewicz A, Powolny AA, Singh SV. Molecular targets of
cancer chemoprevention by garlic-derived organosulfides. Acta Pharmacol Sin 2007;28:1355–64.
29. Stan SD, Kar S, Stoner GD, Singh SV. Bioactive food components and
cancer risk reduction. J Cell Biochem 2008;104:339–56.
30. Nagini S. Cancer chemoprevention by garlic and its organosulfur
compounds-panacea or promise? Anticancer Agents Med Chem
2008;8:313–21.
31. Nagaraj NS, Anilakumar KR, Singh OV. Diallyl disulfide causes caspase-dependent apoptosis in human cancer cells through a Baxtriggered mitochondrial pathway. J Nutr Biochem 2010;21:405–12.
32. Shrotriya S, Kundu JK, Na HK, Surh YJ. Diallyl trisulfide inhibits
phorbol ester-induced tumor promotion, activation of AP-1, and
expression of COX-2 in mouse skin by blocking JNK and Akt signaling. Cancer Res 2010;70:1932–40.
33. Cerella C, Dicato M, Jacob C, Diederich M. Chemical properties and
mechanisms determining the anti-cancer action of garlic-derived
organic sulfur compounds. Anticancer Agents Med Chem 2011;11:
267–71.
34. Kim JY, Kwon O. Garlic intake and cancer risk: an analysis using the
Food and Drug Administration's evidence-based review system for
the scientific evaluation of health claims. Am J Clin Nutr 2009;89:
257–64.
35. You WC, Blot WJ, Chang YS, Ershow A, Yang ZT, An Q, et al. Allium
vegetables and reduced risk of stomach cancer. J Natl Cancer Inst
1989;81:162–4.

Cancer Epidemiol Biomarkers Prev; 20(10) October 2011

Downloaded from cebp.aacrjournals.org on June 22, 2021. © 2011 American Association for Cancer Research.

2307

Published OnlineFirst July 29, 2011; DOI: 10.1158/1055-9965.EPI-11-0494

Walter et al.

36. Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S, et al. A
case-control study of gastric cancer and diet in Italy. Int J Cancer
1989;44:611–6.
37. Zheng W, Blot WJ, Shu XO, Gao YT, Ji BT, Ziegler RG, et al. Diet and
other risk factors for laryngeal cancer in Shanghai, China. Am J
Epidemiol 1992;136:178–91.
38. Challier B, Perarnau JM, Viel JF. Garlic, onion and cereal fibre as
protective factors for breast cancer: a French case-control study. Eur
J Epidemiol 1998;14:737–47.
39. Hsing AW, Chokkalingam AP, Gao YT, Madigan MP, Deng J, Gridley
G, et al. Allium vegetables and risk of prostate cancer: a populationbased study. J Natl Cancer Inst 2002;94:1648–51.
40. Dorant E, van den Brandt PA, Goldbohm RA. A prospective cohort study
on Allium vegetable consumption, garlic supplement use, and the risk of
lung carcinoma in the Netherlands. Cancer Res 1994;54:6148–53.
41. Dorant E, van den Brandt PA, Goldbohm RA. Allium vegetable consumption, garlic supplement intake, and female breast carcinoma
incidence. Breast Cancer Res Treat 1995;33:163–70.
42. Dorant E, van den Brandt PA, Goldbohm RA. A prospective cohort
study on the relationship between onion and leek consumption, garlic
supplement use and the risk of colorectal carcinoma in the Netherlands. Carcinogenesis 1996;17:477–84.
43. Surh YJ. Cancer chemoprevention with dietary phytochemicals. Nat
Rev Cancer 2003;3:768–80.

2308

Cancer Epidemiol Biomarkers Prev; 20(10) October 2011

44. Bagchi D, Bagchi M, Stohs S, Ray SD, Sen CK, Preuss HG. Cellular
protection with proanthocyanidins derived from grape seeds. Ann N Y
Acad Sci 2002;957:260–70.
45. Nandakumar V, Singh T, Katiyar SK. Multi-targeted prevention
and therapy of cancer by proanthocyanidins. Cancer Lett 2008;269:
378–87.
46. Kar P, Laight D, Rooprai HK, Shaw KM, Cummings M. Effects of grape
seed extract in type 2 diabetic subjects at high cardiovascular risk: a
double blind randomized placebo controlled trial examining metabolic
markers, vascular tone, inflammation, oxidative stress and insulin
sensitivity. Diabet Med 2009;26:526–31.
47. Brasky TM, Kristal AR, Navarro SL, Lampe JW, Patterson RE, Peters
U, et al. Specialty supplements and prostate cancer risk in the
VITamins And Lifestyle (VITAL) cohort. Nutr Cancer 2011;63:
573–82.
48. Asgari MM, Chren MM, Warton EM, Friedman GD, White E. Supplement use and risk of cutaneous squamous cell carcinoma. J Am Acad
Dermatol 2011 Jun 9. [Epub ahead of print].
49. ConsumerLab.com [homepage on the Internet]. [cited 2011 Apr 7].
Available from: http://www.consumerlab.com/.
50. Satia-Abouta J, Patterson RE, King IB, Stratton KL, Shattuck AL,
Kristal AR, et al. Reliability and validity of self-report of vitamin and
mineral supplement use in the vitamins and lifestyle study. Am J
Epidemiol 2003;157:944–54.

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on June 22, 2021. © 2011 American Association for Cancer Research.

Published OnlineFirst July 29, 2011; DOI: 10.1158/1055-9965.EPI-11-0494

Vitamin, Mineral, and Specialty Supplements and Risk of
Hematologic Malignancies in the Prospective VITamins And
Lifestyle (VITAL) Study
Roland B. Walter, Theodore M. Brasky, Filippo Milano, et al.
Cancer Epidemiol Biomarkers Prev 2011;20:2298-2308. Published OnlineFirst July 29, 2011.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1055-9965.EPI-11-0494

This article cites 45 articles, 6 of which you can access for free at:
http://cebp.aacrjournals.org/content/20/10/2298.full#ref-list-1
This article has been cited by 3 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/20/10/2298.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department
at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/20/10/2298.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on June 22, 2021. © 2011 American Association for Cancer Research.

