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Abstract

Background: Despite the popular use of vitamin supplements and several prospective cohort studies investigating
their effect on cancer incidence and cardiovascular disease (CVD), scientific data supporting their benefits remain
controversial. Inconsistent results may be partly explained by the fact that use of supplements is an inconsistent
behavior in individuals. We examined whether vitamin supplement use patterns affect cancer and CVD risk in a
population-based cohort study in Japan.

Methods: A total of 28,903 men and 33,726 women in the Japan Public Health Center-based Prospective Study cohort,
who answered questions about vitamin supplement use in the first survey from 1990-1994 and the second survey from
1995-1998, were categorized into four groups (never use, past use, recent use, and consistent use) and followed to the
end of 2006 for cancer and 2005 for CVD. Sex-specific hazard ratios (HRs) and 95% confidence intervals (95% CIs) were
used to describe the relative risks of cancer and CVD associated with vitamin supplement use.

Results: During follow-up, 4501 cancer and 1858 CVD cases were identified. Multivariate adjusted analysis revealed
no association of any pattern of vitamin supplement use with the risk of cancer and CVD in men. In women,
consistent use was associated with lower risk of CVD (HR 0.60, 95% CI 0.41-0.89), whereas past (HR 1.17, 95% CI
1.02-1.33) and recent use (HR 1.24, 95% CI 1.01-1.52) were associated with higher risk of cancer.

Conclusions: To our knowledge, this is the first prospective cohort study to examine simultaneously the
associations between vitamin supplement use patterns and risk of cancer and CVD. This prospective cohort study
demonstrated that vitamin supplement use has little effect on the risk of cancer or CVD in men. In women,
however, consistent vitamin supplement use might reduce the risk of CVD. Elevated risk of cancer associated with
past and recent use of vitamin supplements in women may be partly explained by preexisting diseases or
unhealthy background, but we could not totally control for this in our study.

Background
Despite the popular use of vitamin supplements, the
strong consumer belief is that they prevent chronic dis-
eases such as cancer and cardiovascular disease (CVD)
[1,2], but results from randomized controlled trials are
mixed [3-10]. Most randomized controlled trials show
little support of a preventive effect of vitamin

supplement use and even increased risk [6,7] for cancer
and CVD incidence and mortality, with some exceptions
[8-10]. However, data from randomized controlled trials
suffer from concerns about overreliance on secondary
rather than primary prevention, insufficient intervention
and follow-up periods, particularly regarding the inci-
dence of cancer, inappropriate supplement doses, and
unsuitable cohorts for testing the hypothesis. Therefore,
studies for the effects of long-term, low doses of several
agents in the general population are needed. Despite
several prospective cohort studies investigating their
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effect on cancer incidence (all site [11,12], colorectal
[13-15], breast [16,17], lung [18,19], prostate [20-23],
non-Hodgkin lymphoma [24]), and CVD incidence
[11,25-29], scientific data supporting their benefits
remain controversial. Inconsistent results may be partly
explained by the fact that use of supplements is an
inconsistent behavior in individuals [13,30]. Individuals
with a favorable lifestyle and healthy diet are more likely
to use vitamin supplementation consistently [30]. Some
studies have found reduced risk for incidence and mor-
tality of cancer and CVD associated with a long dura-
tion of vitamin supplement use [13,14,27,28,31-34];
however, consistent use of vitamin supplements could
not be clearly determined by using a single time-point
survey at baseline.
It is also important to note that the use of vitamin

supplements is often associated with healthy lifestyle
factors or with specific health issues, such as hyperten-
sion and cancer, that may increase or decrease vitamin
supplement use [35,36]. In Japan, a few cross-sectional
studies reported that the prevalence of vitamin supple-
ment use was approximately 10% to 30% of the study
population and that vitamin supplement use was asso-
ciated with several factors broadly characterized by
health consciousness and conversely by poor health
[37-39]. However, all prospective studies have been con-
ducted in Western populations (United States
[11-15,17-29,31-34] and European countries [16,19,25]).
No data have been reported for prospective cohort stu-
dies in Asian general populations, although there are
some randomized clinical trials [8,40].
Therefore, we examined the association between vita-

min supplement use and the risk of cancer and CVD in
a population-based prospective cohort study in Japan.
Participants in this cohort reported vitamin supplement
use at two time points, which enabled us to examine the
impact of the pattern of use on the risk of cancer and
CVD.

Methods
The Japan Public Health Center (JPHC)-Based Prospec-
tive Study was started in 1990 for cohort I and in 1993-
1994 for cohort II. All subjects were Japanese inhabi-
tants registered at 11 public health center areas and
were aged 40-69 years at the time of their first survey.
Details of the study design have been described pre-
viously [41]. In the present study, the subjects from two
public health center areas (Katsushika in Tokyo prefec-
ture and Suita in Osaka prefecture) were excluded
because the incidence data for cancer or CVD were not
available and the selection of subjects differed from that
in other public health center areas. Of 116,896 people in
nine public health areas, 95,405 (82%) individuals
responded to the first survey. We excluded 1168 persons

who were not Japanese, who had died or moved out of a
study area, or who were lost to follow-up before the
starting point. This left 94,237 eligible subjects. In 1995
and 1998, the second survey was conducted; 79,809 sub-
jects replied (85%; 36,783 men and 43,026 women) and
were included in the present study. The institutional
review board of the National Cancer Center, Tokyo,
Japan, approved the study.
The status of vitamin supplement use was defined by

the responses in the two surveys and was classified into
the following four categories of use: (1) never, no vita-
min supplement use in either the first or second survey;
(2) past, vitamin supplement use only in the first survey;
(3) recent, vitamin supplement use only in the second
survey; and (4) consistent, vitamin supplement use in
both surveys. In the first survey, cohort I and cohort II
subjects were asked how frequently they used vitamin
supplements. Those who reported use on >1 day/week
were asked about the type of vitamin supplements. Use
of vitamin supplements in the first survey was defined
as subjects who used them at least 1 day/week. No
information was collected on brand name or duration of
vitamin supplement use. In the second survey for
cohorts I and II, general use of any vitamin supplements
more than once a week and use of specific vitamin sup-
plements were examined. The brand names of vitamin
supplements used were requested, and 81.7% provided
this information. We used re-categorized self-reported
categories of vitamin supplements based on the defini-
tion in the Women’s Healthy Eating and Living Study
[42] to improve sensitivity in identifying supplement use
[43]. Details of the assessment of self-reported vitamin
supplement use have been described previously, and use
of vitamin supplements in the second survey was
defined as subjects who used at least one type of vitamin
supplement ≥ 1 week for ≥ 1 year [37,43].
We followed subjects from the second survey until

December 31, 2006, for cancer and until December 31,
2005, for CVD. We identified changes in residence sta-
tus and survival annually through the residential registry
in each area or, for those who had moved out of the
area, by using the municipal office of the area to which
they had moved. Residency registration and death regis-
tration are required by the Basic Residential Register
Law and Family Registry Law, respectively, and the
registries are thought to be complete. During the fol-
low-up period, 8060 subjects (10.1%) died, 2106 (2.6%)
moved out of the study areas, and 249 persons (0.31%)
were lost to follow-up between the second survey and
December 31, 2006.
The occurrence of cancer was identified by active

patients’ notification from major local hospitals in the
study area, that is, the extraction of clinical information
from medical records into cohort-specific registration
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forms in either local major hospitals, which care for
most of the patients with cancer or CVD (up to 80%) in
some areas, by physicians in the hospital or physicians
in the public health center [44], and from data linkage
with population-based cancer registries, with permission
from each of the local governments responsible for the
cancer registries. Cases of cancer were coded according
to the International Classification of Disease for Oncol-
ogy, third edition, of the World Health Organization
[45]. In our cancer registry system, the proportion of
cases for which information was available from death
certificates only was 4.4%. For the present analysis, the
earliest date of diagnosis was used in cases with multiple
cancer diagnoses at different times. Diagnosis of myo-
cardial infarction according to the criteria of the Moni-
toring Trends and Determinants of Cardiovascular
Disease (MONICA) project [46] and diagnosis of stroke
according to the criteria of the National Survey of
Stroke [47] were confirmed for all cases by computer
tomographic scan, magnetic resonance imaging, or both
as recorded in the medical record and reviewed by hos-
pital or public health center physicians in each regis-
tered major local hospital in each public health center
area [48,49]. CVD cases with a death certificate or by
self-report only, without confirmation by medical
records, were treated as non-CVD cases. CVD was
defined as myocardial infarction or stroke, whichever
occurred first. Among the 79,809 subjects, we confirmed
5932 cases of newly diagnosed cancer by December 31,
2006, and 3218 cases of CVD by December 31, 2005.
Participants with both cancer and CVD were included
in both analyses.
From the 79,809 respondents, we excluded subjects

with a history of cancer or CVD (n = 5809) and those
who did not have information on their vitamin supple-
ment use in both surveys (n = 11,371). Subjects with a
history of cancer or CVD were defined as diagnosed
with cancer or CVD before the starting point or from
self-reports in the surveys. For the final analysis, 62,629
subjects (28,903 men and 33,726 women) remained,
including 4501 with cancer and 1858 with CVD. We
calculated person-years of follow-up for each subject
from the starting point to the date of diagnosis, date of
emigration from the study area, date of death, or end of
the follow-up (December 31, 2006 for the cancer analy-
sis and December 31, 2005 for the CVD analysis),
whichever came first. We censored subjects lost to fol-
low-up at the last confirmed date they were present in
the study area. A total of 597,281 person-years were
accrued for the cancer analysis and 547,983 for the
CVD analysis. Sex-specific hazard ratios (HRs) and 95%
confidence intervals (95% CIs) were used to describe the
relative risks of total cancer and CVD associated with
use of vitamin supplements. The Cox proportional

hazards model was used to control for potential con-
founding factors, which were either known or suspected
from previous studies as risk factors for cancer and
CVD. All covariates were based on information from
the second survey. We conducted the initial analyses by
adjusting for age at the starting point (5-year groups)
and study area (nine public health center areas). In the
multivariate model, we further adjusted for smoking sta-
tus (never, former, <20, 20-29, 30-39, and ≥ 40 pack-
years for men, and never, former, <20, and ≥ 20 pack-
years for women), alcohol consumption (none, <150,
150-299, 300-449, and ≥ 450 g ethanol/week for men,
and none, <150, and ≥ 150 g ethanol/week for women),
body mass index ([BMI] <19, 19-20.9, 21-22.9, 23-24.9,
25-26.9, 27-29.9, and ≥ 30 kg/m2), occupation (farming,
forestry, and fishing; employee and professional; house-
wife; self-employed; unemployed; other occupations; and
combination [≥ 2 occupations across those groups]),
quartile of physical activity in metabolic equivalent task-
hours/day, total energy intake, energy-adjusted green
vegetable intake, current medication status (hyperten-
sion, hyperlipidemia, or diabetes mellitus), and screening
examination (blood pressure measurement, biochemical
examination, electrocardiogram, fundus examination,
chest radiograph, sputum cytology, gastric photofluoro-
graphy, gastrointestinal endoscopy, fecal occult blood
test, barium enema, or colonoscopy for men and
women, and mammography or Papanicolaou smear for
women), which were reported in a questionnaire in the
second survey. As for current medication status and
screening examination, if a subject replied “yes” to at
least one medication or examination, we regarded the
subject as using medication or taking the examination,
respectively. The second survey included a food-fre-
quency questionnaire consisting of 138 food items with
standard portions/units and nine frequency categories,
which were developed to estimate dietary intake [50]
and validated for estimations of various nutrients and
food groups [51-54]. A residual model was used for
energy adjustment of green vegetable consumption, vita-
min B2, vitamin B6, vitamin B12, folate, a-tocopherol,
vitamin C, and vitamin D intake reported in food-fre-
quency questionnaire [55]. Extreme values of BMI (<14
or ≥ 40 kg/m2) and total energy intake (lower and upper
2.5 percentiles) were treated as missing values. Statistical
significance was assumed at P < 0.05. All statistical ana-
lyses were performed using SAS software, version 9.1
(SAS Institute, Cary, NC, USA).

Results
Of the participants included in this analysis, 49,060 sub-
jects (78.3%) reported no vitamin supplement use, 7833
subjects (12.5%) reported only past vitamin supplement
use (in the first survey), 2593 subjects (4.2%) reported
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only recent vitamin supplement use (in the second sur-
vey), and 3143 subjects (5.0%) reported past and recent
vitamin supplement use. Among subjects who used vita-
min supplements and reported the brand name in the
second survey, the most common vitamin supplement
was B vitamins for men and women (multivitamin: 474
subjects [25.8%] and 566 subjects [19.6%]; antioxidants:
30 subjects [1.6%] and 126 subjects [4.4%]; vitamin A:
65 subjects [3.5%] and 144 subjects [5.0%]; B vitamins:
797 subjects [43.5%] and 883 subjects [30.6%]; vitamin
C: 299 subjects [16.3%] and 656 subjects [22.7%]; vita-
min E: 295 subjects [16.1%] and 843 subjects [29.2%];
other vitamins: 219 subjects [11.9%] and 443 subjects
[15.3%], respectively).
Table 1 shows the baseline characteristics of the study

subjects according to vitamin supplement use pattern in
men and women separately. Individuals with past use
and consistent use of vitamin supplements were signifi-
cantly older for both sexes. Men who had never used
supplements were thought to have lower health con-
sciousness due to higher proportions with a BMI ≥ 25
kg/m2, a greater likelihood of being a smoker or regular
drinker, less information on their disease history
(angina, diabetes, colonic polyp, and hepatitis), fewer
screening examinations, and less consumption of soy
foods and fruits compared with other men. Significantly
higher proportions of men with consistent supplement
use took more medications (hyperlipidemia and dia-
betes), were more likely to have disease histories
(angina, diabetes, duodenal ulcer, colonic polyp, and
hepatitis), and may have higher health consciousness
suggested by lower BMI, less regular drinking, more
screening examinations, and higher consumption of
fruits. Men with past supplement use also had a signifi-
cantly higher proportion of antihypertensive medication
use. Men with recent use also tended to have a healthy
lifestyle and significantly lower proportions were smo-
kers or taking diabetic medication. Women who had
never used supplements were likely to have a healthier
lifestyle, with significantly lower proportions being smo-
kers or regular drinkers than other women. Women
with recent or consistent use were also basically health
conscious, having a lower BMI and a higher proportion
of screening examinations, despite there being a signifi-
cantly higher proportion of regular drinkers. Individuals
with consistent use also consumed significantly larger
amounts of fruits, folate, and vitamin C. They also
tended to have significantly higher proportions of medi-
cation use (hypertension and hyperlipidemia) and his-
tory of diseases such as gastric and colonic polyps than
those who never used supplements. Women with recent
use were also more likely to have a history of gastric
and colonic polyps, despite their younger age, and had a
significantly higher proportion of medication use except

for hypertension, hyperlipidemia, and diabetes. Women
with past use tended to have an unhealthy lifestyle,
including a higher BMI and a greater likelihood of
smoking and medication use (hypertension and
diabetes).
Associations of vitamin supplement use pattern and

total cancer and CVD risk in men and women are
shown separately in Table 2. In men, no significant
association was found between any pattern of vitamin
supplement use and the risk of total cancer and CVD
in age- and study area-adjusted and multivariate-
adjusted models. No significant association was found
between any specific vitamin supplement use in the
second survey and total cancer and CVD. For women,
however, a statistically significant increase in the risk
of total cancer occurrence was observed in those with
past and recent vitamin supplement use compared
with those who never used supplements; the HR of
developing cancer (95% CI) for past use and recent use
was 1.17 (1.02-1.33) and 1.24 (1.01-1.52), respectively.
When we performed separate analyses for major site-
specific cancers, the HR of recent use in women was
especially high for stomach cancer (HR 2.15, 95% CI
1.39-3.34). We also observed a nonsignificant but mod-
erately increased risk of liver and pancreatic cancer
with past supplement use in women (liver cancer: HR
1.61, 95% CI 0.95-2.74; pancreatic cancer: HR 1.67,
95% CI 0.94-2.97). When we estimated the HR after
excluding women diagnosed as having cancer within 5
years of baseline, similar trends were observed,
although the association for cancer with recent use
was not significant and with past use remained signifi-
cant. In the second survey, vitamin C supplements spe-
cifically and antioxidant supplementation, including
two or more of b-carotene, vitamin C, vitamin E, and
selenium [42], were significantly associated with an
increased risk of total cancer; compared with the sub-
jects with no vitamin supplement use, the HR and 95%
CI of vitamin C supplement and antioxidant supple-
ment use were 1.38 (1.03-1.87) and 1.83 (1.01-3.31),
respectively. In contrast, we observed a statistically sig-
nificant reduced risk for CVD with consistent vitamin
supplement use for women (HR 0.60, 95% CI 0.41-
0.89). When we performed separate analyses for coron-
ary heart disease, hemorrhagic stroke, or ischemic
brain infarction, decreased risk was observed for
ischemic brain infarction with statistical significance
with consistent use (coronary heart disease: HR 0.19,
95% CI 0.03-1.34; hemorrhagic stroke: HR 0.61, 95%
CI 0.29-1.31; ischemic brain infarction: HR 0.52, 95%
CI 0.28-0.98). HR estimates after excluding women
diagnosed with CVD within 5 years of baseline showed
a similar trend to estimates using all cases, although
they were not statistically significant.
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Table 1 Population characteristics according to supplement use categories, Japan Public Health Center-based
Prospective Study

Men (n = 28,903) Women (n = 33,726)

Never
use

Past
use

Recent
use

Consistent
use

P Never
use

Past
use

Recent
use

Consistent
use

P

No. (%) 23,535
(81.4)

3161
(10.9)

1026
(3.6)

1181 (4.1) 25,525
(75.7)

4672
(13.9)

1567
(4.6)

1962 (5.8)

Age in years (mean (SE*)) 55.7 (0.05) 57.9 (0.1) 57.1 (0.2) 58.2 (0.2) <.0001 56.1 (0.05) 57.9 (0.1) 56.7 (0.2) 57.8 (0.2) <.0001

Body mass index ≥ 25 kg/m2 (%) 29.1 26.9 27.1 25.9 0.0049 29.0 31.0 26.3 23.6 <.0001

Smoking status
(%)

Former smoker 16.6 18.6 19.5 21.3 <.0001 0.7 1.2 1.7 1.4 <.0001

Current smoker 47.8 44.8 41.4 42.2 4.3 5.7 4.7 5.2

Regular drinker, ≥ 150 g ethanol/wk
(%)

50.5 46.1 46.8 45.5 <.0001 2.4 2.6 3.1 3.6 0.002

Mean MET*-
hours/d

(mean (SE)) 33.1 (0.05) 32.9 (0.1) 33.3 (0.2) 32.7 (0.2) 0.06 32.2 (0.04) 31.9
(0.09)

32.3 (0.2) 32.0 (0.1) 0.003

Medication (%) Hypertension 16.7 21.9 17.0 21.5 <.0001 17.8 24.4 18.1 20.0 <.0001

Hyperlipidemia 3.0 4.3 3.9 4.9 <.0001 6.0 7.8 7.5 9.3 <.0001

Diabetes 3.2 4.2 2.8 4.5 0.001 2.0 2.8 2.2 1.5 0.0005

Others 12.2 17.1 15.4 15.1 <.0001 10.9 13.1 16.3 15.9 <.0001

History (%) Angina 0.9 1.3 1.1 1.6 0.03 1.0 1.2 1.5 1.2 0.2

Diabetes 5.8 6.6 5.8 7.5 0.04 3.0 3.4 3.3 2.5 0.2

Gastric ulcer 5.0 5.4 5.0 4.9 0.8 2.1 2.3 2.6 2.9 0.07

Duodenal ulcer 2.5 2.0 1.9 3.5 0.02 1.2 1.2 1.4 1.3 0.9

Gastric polyp 2.2 2.3 2.6 3.3 0.09 2.6 2.4 3.3 3.7 0.004

Colonic polyp 4.1 4.3 4.9 5.8 0.03 1.8 1.7 2.0 3.3 <.0001

Hepatitis 1.7 1.9 2.3 3.2 0.0004 0.7 0.9 1.2 1.2 0.005

Screening examination (%) 83.3 84.0 87.0 88.0 <.0001 86.0 86.3 88.8 89.9 <.0001

Total energy intake (kcal/day) (mean
(SE))

2206 (4.2) 2200
(12.1)

2222
(20.4)

2228 (18.1) 0.5 1886 (3.6) 1879
(8.6)

1938
(14.5)

1925 (12.9) 0.0001

Energy-adjusted Salt intake (g/d) 12.2 (0.03) 12.3
(0.07)

12.4 (0.1) 12.3 (0.1) 0.5 12.0 (0.08) 11.9
(0.05)

11.7
(0.09)

11.7 (0.08) 0.5

food intake Soy food (g/d) 86 (0.5) 93 (1.6) 89 (2.3) 89 (1.8) 0.0001 86 (0.5) 94 (1.2) 86 (1.6) 89 (1.6) <.0001

(mean (SE)) Green vegetables
(g/d)

38 (0.2) 38 (0.6) 41 (1.2) 40 (1.0) 0.01 48 (0.2) 47 (0.6) 50 (1.1) 49 (0.8) 0.055

Fruits (g/d) 172 (1.0) 187 (2.9) 189 (4.8) 204 (4.7) <.0001 239 (1.1) 242 (2.5) 242 (4.0) 254 (3.9) 0.001

Fish (g/d) 91 (0.4) 91 (1.0) 92 (1.8) 92 (1.5) 0.7 87 (0.3) 86 (0.7) 86 (1.2) 86 (1.0) 0.4

Red meat (g/d) 52 (0.3) 51 (0.7) 53 (1.3) 51 (1.0) 0.5 46 (0.2) 48 (0.5) 45 (0.8) 46 (0.7) 0.0009

Energy-adjusted a-tocopherol (mg/
d)

6.6 (0.02) 6.8 (0.05) 7.1 (0.08) 7.1 (0.07) <.0001 7.3 (0.01) 7.5 (0.03) 7.5 (0.05) 7.6 (0.05) <.0001

nutrition intake Vitamin B1 (mg/d) 1.05
(0.003)

1.10
(0.008)

1.08
(0.01)

1.11 (0.01) <.0001 1.08
(0.002)

1.12
(0.006)

1.11
(0.009)

1.11 (0.008) <.0001

(mean (SE)) Vitamin B2 (mg/d) 1.41
(0.003)

1.45
(0.009)

1.50
(0.02)

1.52 (0.01) <.0001 1.43
(0.003)

1.46
(0.007)

1.51
(0.01)

1.54 (0.01) <.0001

Niacin (mg/d) 20.1 (0.04) 20.1 (0.1) 20.6 (0.2) 20.4 (0.1) 0.002 18.1 (0.03) 18.1
(0.07)

18.2 (0.1) 18.3 (0.09) 0.08

Vitamin B6 (mg/d) 1.56
(0.002)

1.58
(0.006)

1.60
(0.01)

1.60 (0.01) <.0001 1.46
(0.002)

1.47
(0.004)

1.48
(0.008)

1.49 (0.007) <.0001

Vitamin B12 (μ g/d) 9.1 (0.03) 9.2 (0.09) 9.3 (0.1) 9.4 (0.1) 0.02 8.6 (0.03) 8.7 (0.06) 8.7 (0.1) 8.6 (0.09) 0.2

Folate (μ g/d) 377 (0.9) 385 (2.7) 401 (4.9) 399 (4.1) <.0001 409 (0.9) 413 (2.2) 422 (3.8) 426 (3.1) <.0001

Pantothenic acid
(mg/d)

6.7 (0.01) 6.8 (0.03) 6.9 (0.05) 7.1 (0.05) <.0001 6.6 (0.008) 6.7 (0.02) 6.8 (0.03) 6.9 (0.03) <.0001

Vitamin C (mg/d) 118 (0.4) 122 (1.2) 128 (2.2) 130 (1.9) <.0001 151 (0.5) 149 (1.1) 154 (1.7) 158 (1.6) <.0001

Vitamin D (mg/d) 10.1 (0.04) 10.0 (0.1) 10.4 (0.2) 10.3 (0.2) 0.2 10.0 (0.04) 9.9 (0.09) 9.9 (0.1) 9.9 (0.1) 0.4

Never use, neither past nor recent use; Past use, past use but not recent use; Recent use, recent use but not past use; Consistent use, both past and recent use.

*SE, standard error; MET, metabolic equivalent task.
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These statistically significant findings remained
unchanged when we further adjusted dietary vitamin B2,
B6, B12, folate, a-tocopherol, vitamin C, and vitamin D
intake separately and simultaneously (data not shown).
Age, smoking status, alcohol intake, and dietary intake

of vitamin B2, B6, B12, folate, a-tocopherol, vitamin C,
and vitamin D did not significantly interact with any of
the above results (for all interactions, P > 0.5).

Discussion
In this prospective cohort study in an Asian population,
we found that vitamin supplement use has little effect
on the risk of total cancer or CVD in men. In women,
however, past and recent use of vitamin supplements
may be associated with higher risk of cancer, whereas
consistent use may be associated with lower risk of
CVD.
Several observational studies have examined the asso-

ciation between vitamin supplements and the risk of
cancer and CVD incidence, but results have varied
[11-29], partly because vitamin supplement use is an
inconsistent behavior in individuals [13,30]. In our

study, we found that only 4.1% of men and 5.8% of
women continued to use vitamin supplements from the
first to the second survey. Although some studies have
found reduced incidence and mortality risk of cancer
and CVD with a long duration of vitamin supplement
use [13,14,27,28,31-34], to our knowledge, only limited
data are available to clarify the consistency of vitamin
supplement use over two surveys [13,31]. One prospec-
tive cohort study in the United States investigated con-
sistency for vitamin supplement use through two
surveys among 145,260 subjects, observing 797 incident
cases of colorectal cancer, and found that multivitamin
supplement use in the first survey and in both surveys
was associated with reduced risk of colorectal cancer,
whereas multivitamin supplement use in the second sur-
vey had no association with the disease [13]. Another
study, in which 3490 deaths were observed among
11,178 study subjects in the United States, found that
use of vitamin E supplements at two points within a
relatively short period (baseline and study inception 3
years earlier) was associated with reduced risk of coron-
ary heart disease mortality, whereas use at one point did

Table 2 Hazard ratios for total cancer and cardiovascular disease according to supplement use categories

Total Excluding cases within 5 years

Person-years No. of cases HR*1 (95% CI*) P HR2 (95% CI) P No. of cases HR2 (95% CI) P

Men

Total cancer

Never use 220,948 2152 1.00 (reference) 1.00 (reference) 1210 1.00 (reference)

Past use 28,863 324 0.98 (0.87-1.10) 0.8 0.98 (0.87-1.10) 0.8 167 0.95 (0.80-1.11) 0.5

Recent use 9603 102 1.00 (0.82-1.22) 0.97 1.01 (0.83-1.23) 0.9 59 1.05 (0.80-1.36) 0.7

Consistent use 10,863 139 1.11 (0.94-1.32) 0.2 1.10 (0.93-1.31) 0.3 75 1.13 (0.89-1.43) 0.3

Cardiovascular disease

Never use 203,013 934 1.00 (reference) 1.00 (reference) 490 1.00 (reference)

Past use 26,639 125 0.91 (0.75-1.09) 0.3 0.89 (0.73-1.07) 0.2 61 0.86 (0.66-1.12) 0.3

Recent use 8889 31 0.71 (0.50-1.02) 0.06 0.72 (0.51-1.04) 0.08 15 0.66 (0.39-1.10) 0.1

Consistent use 10,059 53 1.03 (0.78-1.36) 0.8 1.02 (0.77-1.35) 0.9 28 1.04 (0.71-1.53) 0.8

Women

Total cancer

Never use 248,659 1299 1.00 (reference) 1.00 (reference) 698 1.00 (reference)

Past use 44,237 287 1.19 (1.04-1.35) 0.01 1.17 (1.02-1.33) 0.02 157 1.21 (1.01-1.44) 0.04

Recent use 15,217 101 1.25 (1.02-1.53) 0.03 1.24 (1.01-1.52) 0.04 56 1.26 (0.96-1.66) 0.1

Consistent use 18,892 97 0.94 (0.76-1.16) 0.6 0.92 (0.75-1.13) 0.4 47 0.82 (0.61-1.11) 0.2

Cardiovascular disease

Never use 227,570 530 1.00 (reference) 1.00 (reference) 262 1.00 (reference)

Past use 40,586 116 1.11 (0.91-1.36) 0.3 1.08 (0.88-1.32) 0.5 63 1.24 (0.94-1.64) 0.1

Recent use 13,918 43 1.30 (0.95-1.77) 0.1 1.32 (0.97-1.81) 0.08 20 1.26 (0.80-1.99) 0.3

Consistent use 17,309 26 0.60 (0.40-0.89) 0.01 0.60 (0.41-0.89) 0.01 14 0.70 (0.41-1.21) 0.2

Never use, neither past nor recent use; Past use, past use but not recent use; Recent use, recent use but not past use; Consistent use, both past and recent use.

*HR, hazard ratio; CI, confidence interval.

HR1: Adjusted for age and public health center area.

HR2: Further adjusted for body mass index, smoking status, ethanol intake, occupation, daily total physical activity level, green vegetable intake, total energy
intake, medication, and screening examination.
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not show significant association in multivariate analysis
[31].
In the present study, the inverse associations for CVD,

especially for ischemic brain infarction, was observed
with consistent supplement use in women. It is known
that homocysteine may promote atherogenesis by dama-
ging the vascular matrix, increasing the proliferation of
endothelial cells, and facilitating oxidative injury to vas-
cular walls [56-58] and may be related to CVD [59,60].
Although several large trials of homocysteine-lowering
B-vitamin therapy have all failed to demonstrate a
reduction in coronary heart disease risk, some studies
have shown possible evidence for stroke [9,10]. It has
also been reported that B vitamins are important enzy-
matic cofactors in the synthesis of methionine from
homocysteine and that a deficiency in any of them raises
homocysteine concentrations in the blood [61,62]. In the
present study, when we adjusted for several kinds of
dietary B vitamins (vitamin B2, vitamin B6, vitamin B12,
and folate), similar results were observed. Moreover, the
most common vitamin supplement in the second survey
was B vitamins in men and women in the present study
(36.1% and 25.0%, respectively, among vitamin supple-
ment users). Therefore, the inverse association between
the consistent use of vitamin supplement and risk of
CVD in women, especially ischemic brain infarction,
might be caused by supplementation with B vitamins.
Alternatively, past and recent use of vitamin supple-

ments was associated with higher risk of cancer in
women. Women with past use tended to have unhealthy
characteristics, such as a higher BMI, a greater likeli-
hood of smoking, and medication use (hypertension and
diabetes). Recent use in women may have been
prompted by symptoms of ill health because women
with recent use had a higher proportion of disease his-
tories (e.g., gastric and colonic polyps) despite their
younger age and had a significantly higher proportion of
medication use except for hypertension, hyperlipidemia,
and diabetes. Furthermore, the association of cancer
with recent use was not significant when we estimated
the HR after excluding women diagnosed as having can-
cer within 5 years of baseline, though that might be
partly caused by the decreased number of cases. Ele-
vated risk may be partly explained by characteristics of
the women that were not measured or could not be
controlled for in our study. Moreover, it might be partly
caused by a pro-oxidant effect of supplementation with
vitamin C [63-65], producing DNA damage and increas-
ing the risk of cancer, because use of vitamin C in the
second survey was associated with increased risk of total
cancer among women. Furthermore, high-dose antioxi-
dant supplementation might cause an increased risk of
cancer among a high-risk group; in addition, two large,
randomized clinical trials in which high doses of b-

carotene were used, the Beta-Carotene And Retinol Effi-
cacy Trial (CARET) in the United States and the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
trial in Finland, found that b-carotene, alone or in com-
bination with vitamin E or retinyl palmitate, increased
the incidence of lung cancers compared with placebo
among high-risk groups, such as heavy smokers and
those with a history of exposure to asbestos [6,7].
In the present study, vitamin supplement use was

associated with the risk of total cancer or CVD in
women but not in men. The characteristics of subjects
with each vitamin supplement pattern were different
between men and women, suggesting that these charac-
teristics and unmeasured or residual confounders might
cause the sex-based difference in results.
Our study has a potential limitation due to the differ-

ences in questionnaires regarding vitamin supplement
use between the first and second surveys, and these dif-
ferences might cause misclassification of vitamin supple-
ment use prevalence, which was lower in the second
survey than that in the first survey. Short-time vitamin
supplement use of <1 year was regarded as vitamin sup-
plement use in the first survey. In the second survey, re-
categorized self-reported categories of vitamin supple-
mentation were used to improve sensitivity in identify-
ing vitamin supplement use [43] and vitamin
supplement use was defined by vitamin supplements
being taken ≥ 1 time/week for a year or longer. Infor-
mation of duration was not available in the first survey.
In addition, the possibility of selection bias needs to be
considered when generalizing the present findings
because 15% of the eligible subjects did not reply in the
second survey. In our previous report, risks of mortality
for all causes, all cancers, and CVD were higher among
non-responders to the first survey compared with
responders and elevated risk for cancer was observed
only in the first 2 years of follow-up, whereas that for
stroke was relatively stable for the entire period [66].
The strength of this study was its prospective design,

which enabled us to avoid exposure recall bias. We
selected subjects from the general population, we kept
the sample size large, the response rate for the surveys
was acceptable given its setting, and the loss to follow-
up was negligible. In addition, the registries of cancer,
stroke, and myocardial infarction were of sufficient qual-
ity to reduce the misclassification of outcomes. To our
knowledge, this is the first prospective cohort study to
examine associations between vitamin supplement use
pattern and risk of cancer and CVD incidence
simultaneously.

Conclusions
Allowing for the methodologic issues, our results from a
population-based prospective cohort study in Japan
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suggest that vitamin supplement use pattern has an
impact on the subsequent risk of total cancer and CVD
in women but not men. Elevated risk of cancer among
women who were past and recent users of vitamin sup-
plements may be partly explained by preexisting diseases
or unhealthy background, which could not be comple-
tely controlled for in our study. Although consistent use
of vitamin supplements for women might possibly
reduce the risk of CVD, further research with detailed
long-term data regarding components, doses, and pat-
terns of vitamin supplement use is needed to confirm
the generalizability of our findings.

Acknowledgements
This study was supported by National Cancer Center Research and
Development Fund, Grants-in-Aid for Cancer Research, and by the Third
Term Comprehensive 10-Year Strategy for Cancer Control (H21-Sanjigan-
Ippan-003) from the Ministry of Health, Labor, and Welfare of Japan.
Study group members:
Members of the JPHC Study Group (principal investigator: S. Tsugane): S.
Tsugane, M. Inoue, T. Sobue, and T. Hanaoka, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo; J. Ogata, S. Baba,
T. Mannami, A. Okayama, and Y. Kokubo, National Cardiovascular Center,
Suita; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, T. Ikuta, and Y.
Tanaba, Iwate Prefectural Ninohe Public Health Center, Ninohe; Y. Miyajima,
N. Suzuki, S. Nagasawa, Y. Furusugi, and N. Nagai, Akita Prefectural Yokote
Public Health Center, Yokote; H. Sanada, Y. Hatayama, F. Kobayashi, H.
Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe, Y. Miyagawa, Y. Kobayashi,
and M. Machida, Nagano Prefectural Saku Public Health Center, Saku; Y.
Kishimoto, E. Takara, T. Fukuyama, M. Kinjo, M. Irei, and H. Sakiyama, Okinawa
Prefectural Chubu Public Health Center, Okinawa; K. Imoto, H. Yazawa, T. Seo,
A. Seiko, F. Ito, F. Shoji, and R. Saito, Katsushika Public Health Center, Tokyo;
A. Murata, K. Minato, K. Motegi, and T. Fujieda, Ibaraki Prefectural Mito Public
Health Center, Mito; T. Abe, M. Katagiri, M. Suzuki, and K. Matsui, Niigata
Prefectural Kashiwazaki and Nagaoka Public Health Center, Kashiwazaki and
Nagaoka; M. Doi, A. Terao, Y. Ishikawa, and T. Tagami, Kochi Prefectural
Chuo-higashi Public Health Center, Tosayamada; H. Doi, M. Urata, N.
Okamoto, F. Ide, and H. Sueta, Nagasaki Prefectural Kamigoto Public Health
Center, Arikawa; H. Sakiyama, N. Onga, H. Takaesu, and M. Uehara, Okinawa
Prefectural Miyako Public Health Center, Hirara; F. Horii, I. Asano, H.
Yamaguchi, K. Aoki, S. Maruyama, M. Ichii, and M. Takano, Osaka Prefectural
Suita Public Health Center, Suita; S. Matsushima and S. Natsukawa, Saku
General Hospital, Usuda; M. Akabane, Tokyo University of Agriculture, Tokyo;
M. Konishi, K. Okada, and I. Saito, Ehime University, Toon; H. Iso, Osaka
University, Suita; Y. Honda, K. Yamagishi, S. Sakurai, and N. Tsuchiya, Tsukuba
University, Tsukuba; H. Sugimura, Hamamatsu University, Hamamatsu; Y.
Tsubono, Tohoku University, Sendai; M. Kabuto, National Institute for
Environmental Studies, Tsukuba; S. Tominaga, Aichi Cancer Center Research
Institute, Nagoya; M. Iida, W. Ajiki, and A. Ioka, Osaka Medical Center for
Cancer and Cardiovascular Disease, Osaka; S. Sato, Osaka Medical Center for
Health Science and Promotion, Osaka; N. Yasuda, Kochi University, Nankoku;
K. Nakamura, Niigata University, Niigata; S. Kono, Kyushu University, Fukuoka;
K. Suzuki, Research Institute for Brain and Blood Vessels Akita, Akita; Y.
Takashima and M. Yoshida, Kyorin University, Mitaka; E. Maruyama, Kobe
University, Kobe; M. Yamaguchi, Y. Matsumura, S. Sasaki, and S. Watanabe,
National Institute of Health and Nutrition, Tokyo; T. Kadowaki, Tokyo
University, Tokyo; M. Noda and T. Mizoue, International Medical Center of
Japan, Tokyo; Y. Kawaguchi, Tokyo Medical and Dental University, Tokyo; and
H. Shimizu, Sakihae Institute, Gifu.

Author details
1Epidemiology and Prevention Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, 5-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045, Japan. 2Department of Nutrition, Junior College of Tokyo
University of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502,
Japan. 3Public Health, Department of Social and Environmental Medicine,

Graduate School of Medicine, Osaka University, 2-2 Yamadaoka, Suita-shi,
Osaka 565-0871, Japan.

Authors’ contributions
We thank all staff members in each study area for their painstaking efforts to
conduct the survey and follow-up. The authors’ responsibilities were as
follows: ST (principal investigator); M. Inoue, conducted the study, managed
the cancer data collection; HI, managed the CVD data collection; AH,
analyzed and interpreted the data and prepared the manuscript; SS, M
Iwasaki, TS, NS, TY, and JI helped to conduct the study. All authors provided
critical suggestions for revision of the manuscript. All authors read and
approved the final manuscript. AH received a research resident fellowship
from the Foundation for Promotion of Cancer Research (Japan) for the 3rd
term Comprehensive 10-year Strategy for Cancer Control.

Competing interests
The authors declare that they have no competing interests.

Received: 28 December 2010 Accepted: 8 July 2011
Published: 8 July 2011

References
1. Neuhouser ML: Dietary supplement use by American women: challenges

in assessing patterns of use, motives and costs. J Nutr 2003,
133:1992S-1996S.

2. Neuhouser ML, Patterson RE, Levy L: Motivations for using vitamin and
mineral supplements. J Am Diet Assoc 1999, 99:851-854.

3. Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C: Antioxidant
supplements for prevention of mortality in healthy participants and
patients with various diseases. Cochrane Database Syst Rev 2008, 2:
CD007176.

4. Malouf R, Grimley Evans J: Folic acid with or without vitamin B12 for the
prevention and treatment of healthy elderly and demented people.
Cochrane Database Syst Rev 2008, 4:CD004514.

5. Bjelakovic G, Nikolova D, Simonetti RG, Gluud C: Antioxidant supplements
for preventing gastrointestinal cancers. Cochrane Database Syst Rev 2008,
3:CD004183.

6. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group: The
effect of vitamin E and beta carotene on the incidence of lung cancer
and other cancers in male smokers. N Engl J Med 1994, 330:1029-1035.

7. Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A,
Keogh JP, Meyskens FL, Valanis B, Williams JH, et al: Effects of a
combination of beta carotene and vitamin A on lung cancer and
cardiovascular disease. N Engl J Med 1996, 334:1150-1155.

8. Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, Yang CS, Zheng SF,
Gail M, Li GY, et al: Nutrition intervention trials in Linxian, China:
supplementation with specific vitamin/mineral combinations, cancer
incidence, and disease-specific mortality in the general population. J
Natl Cancer Inst 1993, 85:1483-1492.

9. Saposnik G, Ray JG, Sheridan P, McQueen M, Lonn E: Homocysteine-
lowering therapy and stroke risk, severity, and disability: additional
findings from the HOPE 2 trial. Stroke 2009, 40:1365-1372.

10. Wang X, Qin X, Demirtas H, Li J, Mao G, Huo Y, Sun N, Liu L, Xu X: Efficacy
of folic acid supplementation in stroke prevention: a meta-analysis.
Lancet 2007, 369:1876-1882.

11. Neuhouser ML, Wassertheil-Smoller S, Thomson C, Aragaki A, Anderson GL,
Manson JE, Patterson RE, Rohan TE, van Horn L, Shikany JM, 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.

12. Park SY, Murphy SP, Wilkens LR, Henderson BE, Kolonel LN: Multivitamin
use and the risk of mortality and cancer incidence: the multiethnic
cohort study. Am J Epidemiol 2011, 173:906-914.

13. Jacobs EJ, Connell CJ, Chao A, McCullough ML, Rodriguez C, Thun MJ,
Calle EE: Multivitamin use and colorectal cancer incidence in a US
cohort: does timing matter? Am J Epidemiol 2003, 158:621-628.

14. Giovannucci E, Stampfer MJ, Colditz GA, Hunter DJ, Fuchs C, Rosner BA,
Speizer FE, Willett WC: Multivitamin use, folate, and colon cancer in
women in the Nurses’ Health Study. Ann Intern Med 1998, 129:517-524.

15. Zhang SM, Moore SC, Lin J, Cook NR, Manson JE, Lee IM, Buring JE: Folate,
vitamin B6, multivitamin supplements, and colorectal cancer risk in
women. Am J Epidemiol 2006, 163:108-115.

Hara et al. BMC Public Health 2011, 11:540
http://www.biomedcentral.com/1471-2458/11/540

Page 8 of 10

http://www.ncbi.nlm.nih.gov/pubmed/12771352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12771352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8127329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8127329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8127329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8602180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8360931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8360931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8360931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19228852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19228852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19228852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17544768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17544768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19204221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19204221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21343248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21343248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21343248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9758570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9758570?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16339055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16339055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16339055?dopt=Abstract


16. Larsson SC, Akesson A, Bergkvist L, Wolk A: Multivitamin use and breast
cancer incidence in a prospective cohort of Swedish women. Am J Clin
Nutr 2010, 91:1268-1272.

17. Ishitani K, Lin J, Manson JE, Buring JE, Zhang SM: A prospective study of
multivitamin supplement use and risk of breast cancer. Am J Epidemiol
2008, 167:1197-1206.

18. Slatore CG, Littman AJ, Au DH, Satia JA, White E: Long-term use of
supplemental multivitamins, vitamin C, vitamin E, and folate does not
reduce the risk of lung cancer. Am J Respir Crit Care Med 2008,
177:524-530.

19. Cho E, Hunter DJ, Spiegelman D, Albanes D, Beeson WL, van den
Brandt PA, Colditz GA, Feskanich D, Folsom AR, Fraser GE, et al: Intakes of
vitamins A, C and E and folate and multivitamins and lung cancer: a
pooled analysis of 8 prospective studies. Int J Cancer 2006, 118:970-978.

20. Peters U, Littman AJ, Kristal AR, Patterson RE, Potter JD, White E: Vitamin E
and selenium supplementation and risk of prostate cancer in the
Vitamins and lifestyle (VITAL) study cohort. Cancer Causes Control 2008,
19:75-87.

21. Lawson KA, Wright ME, Subar A, Mouw T, Hollenbeck A, Schatzkin A,
Leitzmann MF: Multivitamin use and risk of prostate cancer in the
National Institutes of Health-AARP Diet and Health Study. J Natl Cancer
Inst 2007, 99:754-764.

22. Rodriguez C, Jacobs EJ, Mondul AM, Calle EE, McCullough ML, Thun MJ:
Vitamin E supplements and risk of prostate cancer in U.S. men. Cancer
Epidemiol Biomarkers Prev 2004, 13:378-382.

23. Wright ME, Weinstein SJ, Lawson KA, Albanes D, Subar AF, Dixon LB,
Mouw T, Schatzkin A, Leitzmann MF: Supplemental and dietary vitamin E
intakes and risk of prostate cancer in a large prospective study. Cancer
Epidemiol Biomarkers Prev 2007, 16:1128-1135.

24. Zhang SM, Giovannucci EL, Hunter DJ, Rimm EB, Ascherio A, Colditz GA,
Speizer FE, Willett WC: Vitamin supplement use and the risk of non-
Hodgkin’s lymphoma among women and men. Am J Epidemiol 2001,
153:1056-1063.

25. Knekt P, Ritz J, Pereira MA, O’Reilly EJ, Augustsson K, Fraser GE, Goldbourt U,
Heitmann BL, Hallmans G, Liu S, et al: Antioxidant vitamins and coronary
heart disease risk: a pooled analysis of 9 cohorts. Am J Clin Nutr 2004,
80:1508-1520.

26. Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson JE,
Hennekens C, Stampfer MJ: Folate and vitamin B6 from diet and
supplements in relation to risk of coronary heart disease among
women. JAMA 1998, 279:359-364.

27. Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC:
Vitamin E consumption and the risk of coronary heart disease in men. N
Engl J Med 1993, 328:1450-1456.

28. Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B, Willett WC:
Vitamin E consumption and the risk of coronary disease in women. N
Engl J Med 1993, 328:1444-1449.

29. Dietrich M, Jacques PF, Pencina MJ, Lanier K, Keyes MJ, Kaur G, Wolf PA,
D’Agostino RB, Vasan RS: Vitamin E supplement use and the incidence of
cardiovascular disease and all-cause mortality in the Framingham Heart
Study: Does the underlying health status play a role? Atherosclerosis 2009,
205:549-553.

30. Li K, Kaaks R, Linseisen J, Rohrmann S: Consistency of vitamin and/or
mineral supplement use and demographic, lifestyle and heath-status
predictors: findings from the European Prospective Investigation into
Cancer and Nutrition (EPIC)-Heidelberg cohort. Br J Nutr 2010,
104:1058-1064.

31. Losonczy KG, Harris TB, Havlik RJ: Vitamin E and vitamin C supplement
use and risk of all-cause and coronary heart disease mortality in older
persons: the Established Populations for Epidemiologic Studies of the
Elderly. Am J Clin Nutr 1996, 64:190-196.

32. Jacobs EJ, Henion AK, Briggs PJ, Connell CJ, McCullough ML, Jonas CR,
Rodriguez C, Calle EE, Thun MJ: Vitamin C and vitamin E supplement use
and bladder cancer mortality in a large cohort of US men and women.
Am J Epidemiol 2002, 156:1002-1010.

33. Jacobs EJ, Connell CJ, Patel AV, Chao A, Rodriguez C, Seymour J,
McCullough ML, Calle EE, Thun MJ: Multivitamin use and colon cancer
mortality in the Cancer Prevention Study II cohort (United States). Cancer
Causes Control 2001, 12:927-934.

34. Jacobs EJ, Connell CJ, Patel AV, Chao A, Rodriguez C, Seymour J,
McCullough ML, Calle EE, Thun MJ: Vitamin C and vitamin E supplement

use and colorectal cancer mortality in a large American Cancer Society
cohort. Cancer Epidemiol Biomarkers Prev 2001, 10:17-23.

35. Lyle BJ, Mares-Perlman JA, Klein BE, Klein R, Greger JL: Supplement users
differ from nonusers in demographic, lifestyle, dietary and health
characteristics. J Nutr 1998, 128:2355-2362.

36. Patterson RE, Neuhouser ML, Hedderson MM, Schwartz SM, Standish LJ,
Bowen DJ: Changes in diet, physical activity, and supplement use
among adults diagnosed with cancer. J Am Diet Assoc 2003, 103:323-328.

37. Ishihara J, Sobue T, Yamamoto S, Sasaki S, Tsugane S: Demographics,
lifestyles, health characteristics, and dietary intake among dietary
supplement users in Japan. Int J Epidemiol 2003, 32:546-553.

38. Imai T, Nakamura M, Ando F, Shimokata H: Dietary supplement use by
community-living population in Japan: data from the National Institute
for Longevity Sciences Longitudinal Study of Aging (NILS-LSA). J
Epidemiol 2006, 16:249-260.

39. Hara A, Ohkubo T, Obara T, Tsubota-Utsugi M, Kikuya M, Metoki H, Inoue R,
Asayama K, Totsune K, Hoshi H, et al: Demographic and lifestyle
characteristics of supplement users: the Ohasama study (in Japanese). J
Drug Interaction Res 2009, 33:7-13.

40. Kasiman K, Eikelboom JW, Hankey GJ, Lee SP, Lim JP, Lee JH, Chang HM,
Wong MC, Chen CP: Ethnicity does not affect the homocysteine-lowering
effect of B-vitamin therapy in Singaporean stroke patients. Stroke 2009,
40(6):2209-2211.

41. Tsugane S, Sobue T: Baseline survey of JPHC study–design and
participation rate. Japan Public Health Center-based Prospective Study
on Cancer and Cardiovascular Diseases. J Epidemiol 2001, 11(6 Suppl):
S24-29.

42. Newman V, Rock CL, Faerber S, Flatt SW, Wright FA, Pierce JP: Dietary
supplement use by women at risk for breast cancer recurrence. The
Women’s Healthy Eating and Living Study Group. J Am Diet Assoc 1998,
98:285-292.

43. Ishihara J, Sobue T, Yamamoto S, Sasaki S, Akabane M, Tsugane S: Validity
and reproducibility of a self-administered questionnaire to determine
dietary supplement users among Japanese. Eur J Clin Nutr 2001,
55:360-365.

44. Watanabe S, Tsugane S, Sobue T, Konishi M, Baba S: Study design and
organization of the JPHC study. Japan Public Health Center-based
Prospective Study on Cancer and Cardiovascular Diseases. J Epidemiol
2001, 11(6 Suppl):S3-7.

45. World Health Organization: International Classification of Diseases for
Oncology. 3 edition. Geneva, Switzerland: World Health Organization; 2000.

46. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM,
Pajak A: Myocardial infarction and coronary deaths in the World Health
Organization MONICA Project. Registration procedures, event rates, and
case-fatality rates in 38 populations from 21 countries in four
continents. Circulation 1994, 90:583-612.

47. Walker AE, Robins M, Weinfeld FD: The National Survey of Stroke. Clinical
findings. Stroke 1981, 12(2 Pt 2 Suppl 1):I13-44.

48. Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y, Kokubo Y,
Tsugane S: Intake of fish and n3 fatty acids and risk of coronary heart
disease among Japanese: the Japan Public Health Center-Based (JPHC)
Study Cohort I. Circulation 2006, 113:195-202.

49. Iso H, Baba S, Mannami T, Sasaki S, Okada K, Konishi M, Tsugane S: Alcohol
consumption and risk of stroke among middle-aged men: the JPHC
Study Cohort I. Stroke 2004, 35:1124-1129.

50. Tsubono Y, Takamori S, Kobayashi M, Takahashi T, Iwase Y, Iitoi Y,
Akabane M, Yamaguchi M, Tsugane S: A data-based approach for
designing a semiquantitative food frequency questionnaire for a
population-based prospective study in Japan. J Epidemiol 1996,
6:45-53.

51. Ishihara J, Sobue T, Yamamoto S, Yoshimi I, Sasaki S, Kobayashi M,
Takahashi T, Iitoi Y, Akabane M, Tsugane S: Validity and reproducibility of
a self-administered food frequency questionnaire in the JPHC Study
Cohort II: study design, participant profile and results in comparison
with Cohort I. J Epidemiol 2003, 13(1 Suppl):S134-147.

52. Sasaki S, Kobayashi M, Tsugane S: Validity of a self-administered food
frequency questionnaire used in the 5-year follow-up survey of the
JPHC Study Cohort I: comparison with dietary records for food groups. J
Epidemiol 2003, 13(1 Suppl):S57-63.

53. Tsugane S, Kobayashi M, Sasaki S: Validity of the self-administered food
frequency questionnaire used in the 5-year follow-up survey of the

Hara et al. BMC Public Health 2011, 11:540
http://www.biomedcentral.com/1471-2458/11/540

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/20335555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20335555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18344515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18344515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17989343?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16152626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16152626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16152626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17943452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17943452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17943452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17505071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15006912?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17548674?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17548674?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11390323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11390323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15585762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15585762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9459468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9459468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9459468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8479464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8479463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19195657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19195657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19195657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8694019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8694019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8694019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8694019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12446256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12446256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11808712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11205484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11205484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11205484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9868181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9868181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9868181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12616253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12616253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12913027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12913027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12913027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17085875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17085875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17085875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19372453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9508010?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9508010?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9508010?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11378809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11378809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11378809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11763137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7222164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7222164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16401768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15017008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15017008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15017008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8795957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8795957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8795957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701631?dopt=Abstract


JPHC Study Cohort I: comparison with dietary records for main
nutrients. J Epidemiol 2003, 13(1 Suppl):S51-56.

54. Ishihara J, Inoue M, Kobayashi M, Tanaka S, Yamamoto S, Iso H, Tsugane S:
Impact of the revision of a nutrient database on the validity of a self-
administered food frequency questionnaire (FFQ). J Epidemiol 2006,
16:107-116.

55. Willet WC: Nutritional Epidemiology. 2 edition. New York, NY: Oxford
University Press; 1998.

56. Jamaluddin MD, Chen I, Yang F, Jiang X, Jan M, Liu X, Schafer AI,
Durante W, Yang X, Wang H: Homocysteine inhibits endothelial cell
growth via DNA hypomethylation of the cyclin A gene. Blood 2007,
110:3648-3655.

57. McCully KS: Hyperhomocysteinemia and arteriosclerosis: historical
perspectives. Clin Chem Lab Med 2005, 43:980-986.

58. Lentz SR: Mechanisms of homocysteine-induced atherothrombosis. J
Thromb Haemost 2005, 3:1646-1654.

59. Van Guelpen B, Hultdin J, Johansson I, Witthoft C, Weinehall L, Eliasson M,
Hallmans G, Palmqvist R, Jansson JH, Winkvist A: Plasma folate and total
homocysteine levels are associated with the risk of myocardial
infarction, independently of each other and of renal function. J Intern
Med 2009, 266:182-195.

60. Page JH, Ma J, Chiuve SE, Stampfer MJ, Selhub J, Manson JE, Rimm EB:
Plasma total cysteine and total homocysteine and risk of myocardial
infarction in women: a prospective study. Am Heart J 2010, 159:599-604.

61. Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH: Vitamin status and
intake as primary determinants of homocysteinemia in an elderly
population. JAMA 1993, 270:2693-2698.

62. McNulty H, Dowey le RC, Strain JJ, Dunne A, Ward M, Molloy AM,
McAnena LB, Hughes JP, Hannon-Fletcher M, Scott JM: Riboflavin lowers
homocysteine in individuals homozygous for the MTHFR 677C->T
polymorphism. Circulation 2006, 113:74-80.

63. Harreus U, Baumeister P, Zieger S, Matthias C: The influence of high doses
of vitamin C and zinc on oxidative DNA damage. Anticancer Res 2005,
25:3197-3201.

64. Podmore ID, Griffiths HR, Herbert KE, Mistry N, Mistry P, Lunec J: Vitamin C
exhibits pro-oxidant properties. Nature 1998, 392:559.

65. Shi M, Xu B, Azakami K, Morikawa T, Watanabe K, Morimoto K, Komatsu M,
Aoyama K, Takeuchi T: Dual role of vitamin C in an oxygen-sensitive
system: discrepancy between DNA damage and cell death. Free Radic Res
2005, 39:213-220.

66. Hara M, Sasaki S, Sobue T, Yamamoto S, Tsugane S: Comparison of cause-
specific mortality between respondents and nonrespondents in a
population-based prospective study: ten-year follow-up of JPHC Study
Cohort I. Japan Public Health Center. J Clin Epidemiol 2002, 55:150-156.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/540/prepub

doi:10.1186/1471-2458-11-540
Cite this article as: Hara et al.: Use of vitamin supplements and risk of
total cancer and cardiovascular disease among the Japanese general
population: A population-based survey. BMC Public Health 2011 11:540.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hara et al. BMC Public Health 2011, 11:540
http://www.biomedcentral.com/1471-2458/11/540

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/12701631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12701631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16710079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16710079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17698632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17698632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16197285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16197285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16102030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19298497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19298497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19298497?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20362718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20362718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8133587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8133587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8133587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16380544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16380544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16380544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16101127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16101127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9560150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9560150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15763969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15763969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809353?dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/540/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


