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Original Article
Cardiovascular Disease Mortality and Serum Carotenoid Levels: a Japanese
Population-based Follow-up Study

Yoshinori Ito,1,2 Mio Kurata,1 Koji Suzuki,2 Nobuyuki Hamajima,1 Hitoshi Hishida,3 and Kunio Aoki.1

B A C K G R O U N D : Some observational epidemiologic studies suggest that dietary and serum
carotenoids are associated with reduced cardiovascular disease mortality.
METHODS: Three thousand and sixty-one subjects (1,190 males and 1,871 females), aged 39 to 80
years, were recruited from residents of Hokkaido, Japan who had attended comprehensive health
check-up programs from 1988 through 1995. Serum levels of α-carotene, β-carotene, and lycopene
were separately determined by high-performance liquid chromatography. Serum levels of total carotene
consisted of the sum of α-carotene, β-carotene, and lycopene levels. Each serum level of αcarotene, β-carotene, lycopene, total carotene, triglyceride, and alanine transaminase (ALT) activity
was transformed logarithmically. The hazard ratios of serum α- and β-carotenes, lycopene, and total
carotene values were estimated by the Cox proportional hazard model after adjusting for sex, age, and
other potential confounding factors.
RESULTS: During the 11.9-year follow-up period, 80 deaths (49 males and 31 females) from cardiovascular disease, 40 deaths from heart disease, and 37 deaths from stroke were identified among the
cohort subjects. High serum values of carotenoids such as α- and β-carotenes, and lycopene were
found to be significantly associated with low hazard ratios for cardiovascular disease mortality.
However, a significant inverse association between high serum lycopene value and the risk for stroke
mortality was not always observed.
CONCLUSIONS: High serum levels of total carotene, comprising α- and β-carotenes and lycopene,
may reduce the risk for cardiovascular disease mortality among the Japanese population.
J Epidemiol 2006; 16:154-160.
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trast, a significant association between high dietary intakes or
high serum levels of lycopene and a low risk of coronary heart
disease or stroke were not always reported among Europeans.16-18
However, no report has examined whether high serum levels of
α-carotene and β-carotene are inversely related to a cardiovascular disease mortality risk in a Japanese population-based follow-up study. It has been suggested that cardiovascular disease

Many observational epidemiologic studies have shown that a high
dietary intake of fruit and vegetables rich in carotenoids, such as
α- and β-carotenes, is associated with reduced cardiovascular
disease mortality, including coronary heart disease and stroke.1-6
Many epidemiologic studies have shown that high dietary intakes
or high serum levels of carotenoids are also associated with a low
risk for coronary heart disease7-13 and stroke14,15 mortality. In con-
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mortality risk is reduced by carotenoids due to their role in protecting against oxidative stress.19-22
In the present research, we studies whether high serum levels of
α-carotene and β-carotene as well as lycopene are associated
with a reduced risk of death from cardiovascular disease, including heart disease and stroke, by doing a follow-up study among
Japanese subjects.

METHODS
Subjects and Comprehensive Health Check-up Programs
The study subjects were recruited from residents of a rural area of
Hokkaido, Japan, who attended a comprehensive health check-up
programs23, 24 from 1988 through 1995. Among the 3,182 inhabitants who first attended those programs, 3,061 participants (1,190
males and 1,871 females) were enrolled after excluding subjects
under medical treatment and/or those using medicines for heart
disease and/or stroke (50 males and 71 females). Although the
comprehensive health check-up programs were offered to individuals 40 years of age and over, individuals 39 years old were
accepted if they turned 40 during that year. The subjects were not
randomly selected. Initial subjects were those who attended the
programs and were 40, 50, and 60 years of age. Once those subjects were enrolled, any residents 40 years or over were accepted
until 1,000 subjects were seen each year.
Information used in this study was obtained from a questionnaire, and the serum samples collected at the time of the comprehensive health check-up programs. All subjects gave their written
informed consent for using their information and sera in an epidemiologic study of life-style-related disease prevention.25 A
questionnaire regarding health status, personal medical-treatment
history, and daily lifestyles was distributed to the participants a
few days before the health check-up programs, and the answers
were checked and revised by trained health nurses during the programs.23-25 The responses on smoking status and alcohol consumption were obtained by health nurses during individual interviews using a three-level questionnaire: (1) Current smoker (cigarettes smoked daily); (2) Former smoker (quit smoking); and (3)
Never smoker, and (1) Regular drinker (alcohol consumed daily);
(2) Irregular drinker (alcohol consumed occasionally); and (3)
Non drinker (alcohol never consumed).
Determination of Serum Levels
Fasting serum samples were taken at the time of the comprehensive health check-up programs, and then serum levels of αcarotene, β-carotene, and lycopene were separately determined
using high performance liquid chromatography, as previously
reported.26 Serum levels of total carotene consisted of the sum of
the α-carotene, β-carotene, and lycopene levels. Serum levels
of total cholesterol, triglyceride, alanine transaminase (ALT)
activity, and other biochemical tests were determined using an
auto-analyzer (SMAC, Technicon Co., Ltd., or TBA-80M,
Toshiba Co., Ltd).

Follow-up of the Cohort
The cohort was followed until December 2003 using mortality
records obtained with the permission of the Agency of General
Affairs and the Ministry of Health and Welfare. Death certificates
were examined to check the direct and indirect causes of death,
which were classified using the International Classification of
Diseases (ICD) 9th from 1989 through 1994 and ICD 10th from
1995 through 2003.
The number of residents who moved away, excluding the
young age group, was small (males, 9%; females, 12.3%),25 and
the number of deaths was reliable. We calculated the sample
death rates using person-years.
Statistical Analysis
Cardiovascular disease mortality rates were calculated as the
number of deaths per person-year for each serum α-carotene, βcarotene, lycopene, and total carotene level. Each serum value of
α-carotene, β-carotene, lycopene, total carotene, triglyceride,
and ALT activity was transformed logarithmically. The hazard
ratios per each logarithmically transformed value of serum αand β-carotenes, lycopene, and total carotene levels (μmol/L)
for the mortality from cardiovascular disease were estimated by
the Cox proportional hazard models (JMP® ver 4.0) as follows:
Model 1, adjusted for sex, age, and smoking status; Model 2,
adjusted for sex, age, smoking status, alcohol consumption, body
mass index (BMI= weigh kg/ height m2), systolic blood pressure,
serum total cholesterol level, and serum logarithmically transformed values of triglyceride and ALT activity. An analysis of the
mean differences for serum values of carotenoids, such as α- and
β-carotenes and lycopene, and total carotene between those who
died and the survivors was conducted using analysis of variance
(ANOVA) after adjusting for age. Statistical significance was set
at p <0.05.

RESULTS
Comparison of Baseline Serum Carotenoid Levels for Subjects
Who Survived and Those Who Did Not
Table 1 shows age and sex distributions, smoking status, and
alcohol consumption of the subjects at baseline and the causes of
deaths. About 30% were 39-69 years old; subjects 70 to 80 years
of age comprised less than 10% of the cohort. The proportions of
current smokers and regular drinkers were 52.4% and 76.4% for
males and 11.1% and 29.1% for females, respectively. Overall,
16.6% of study subjects had an obvious history of medical treatment for hypertension, while 2.9% had clearly undergone medical
treatment for diabetes. A high BMI (above 25 kg/m2) was seen in
36.1%, while 6.4% had high ALT activity (over 40 U/L), 40.2%
showed high serum cholesterol levels (above 220 mg/dL), and
23.1% had high serum triglyceride levels (above 150 mg/dL).
During the 8- to 15-year follow-up period (mean: 11.9 years), 301
deaths (181 males and 120 females) occurred from all causes, 139
from all types of cancer, 59 from other diseases, and 23 from
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external causes. The 80 deaths (49 males and 31 females) were
attributed to cardiovascular disease, comprising 40 from heart disease, 37 from stroke, and 3 from other causes of cardiovascular
disease.
For both males and females, serum geometric mean values of
α-carotene, β-carotene, lycopene, and total carotene tended to
be lower for those who had died due to cardiovascular disease
(including heart disease and stroke) than for those who survived
(Table 2). The serum values of β-carotene in females were significantly lower for those who had died of cardiovascular disease
(including stroke) than for those who survived. Alpha-carotene
values for males and lycopene values for females were also significantly lower among those who had died of heart disease than
among those who survived. In contrast, serum lycopene values for

females tended to be slightly higher for those who had died due to
stroke than for those who had remained alive.
Hazard Ratios for Serum Carotenoid Values and Cardiovascular
Disease Mortality
Based on model 1 (Table 3), high serum values of α-carotene,
β-carotene, lycopene, and total carotene were found to be associated with significantly low hazard ratios (below 1.0) for cardiovascular disease mortality. Those were also related with significant or marginally significant low hazard ratios for heart disease
mortality. Using model 2, the hazard ratios for cardiovascular disease mortality also showed significantly low trends for serum values of α-carotene, β-carotene, and total carotene, and marginally significantly low trends for those of lycopene. However, the

Table 1. Baseline characteristics of study subjects (Number of cases).
Females
Males
1,871 (100)
1,190 (100)
Total

Both sexes
3,061 (100)

Age (years)
39-49
50-59
60-69
70-80

437 (36.7)
337 (28.3)
327 (27.5)
89 ( 9.5)

713 (38.1)
599 (32.0)
460 (24.6)
99 (5.3)

1,150 (37.6)
936 (30.6)
787 (25.7)
188 ( 61)

Smoking status
Current smoker
Former smoker
Never smoker

623 (52.4)
291 (24.4)
276 (23.2)

207 (11.1)
74 ( 4.0)
1,590 (85.0)

830 (27.1)
365 (11.9)
1,866 (61.0)

Alcohol consumption
Regular drinker
Irregular drinker
Non-drinker

909 (76.4)
53 ( 4.4)
228 (19.2)

544 (29.1)
37 ( 2.0)
1,290 (68.9)

1,453 (47.5)
90 ( 2.9)
1,518 (49.6)

History of diseases
Hypertension
Diabetes

172 (14.5)
50 ( 4.2)

329 (17.6)
40 ( 2.0)

508 (16.6)
90 ( 2.9)

Findings
Body mass index 25.0+ kg/m2
Alanine transaminase 41+ U/L
Total cholesterol 220+ mg/dL
Triglyceride 150+ mg/dL

436 (36.6)
117 ( 9.8)
422 (35.5)
354 (29.7)

669 (35.8)
80 ( 4.3)
809 (43.2)
353 (18.9)

1,105 (36.1)
197 ( 6.4)
1,231 (40.2)
707 (23.1)

181 (100)
49 (27.1)
24 (13.2)
24 (13.2)
1 ( 0.1)
83 (45.1)
12 ( 6.6)
37 (20.4)

120 (100)
31 (25.3)
16 (13.3)
13 (10.8)
2 ( 1.7)
56 (46.7)
11 ( 9.2)
22 (18.3)

301 (100)
80 (26.6)
40 (13.3)
37 (12.3)
3 (1.0)
139 (26.6)
23 ( 7.6)
59 (19.6)

Cause of death
All causes
Cardiovascular disease
Heart disease
Stroke
Others
Cancer of all sites
External causes
Others
Percentages in parentheses
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hazard ratios for high serum values of carotenoids for mortality
from heart disease showed no significantly low trends, except for
the serum α-carotene value. The significantly low hazard ratios
for stroke mortality appeared among subjects with high serum
values of α-carotene, β-carotene, and total carotene (models 1
and 2). In contrast, the hazard ratio for stroke mortality tended to
be low among subjects with high serum lycopene values, but it

was not a statistically significant risk.
High serum values of carotenoids were found to have a significant or marginally significant association with low risk for cardiovascular disease mortality (including heart disease and/or stroke),
except for the association between high serum lycopene value and
stroke mortality, which did not reach statistical significance.

Table 2. Comparison of baseline geometric means of serum carotenoid levels between those who died and survivors.
Serum carotenoids
α-carotene
(μmol/L)

Sex
Males
Females

Alive*
0.106
0.166

Cardiovascular death†
0.090 (0.076)
0.146 (0.190)

Heart disease death†
0.081 (0.034)
0.147 (0.370)

Stroke death†
0.095 (0.391)
0.145 (0.371)

β-carotene
(μmol/L)

Males
Females

0.425
0.969

0.388 (0.400)
0.759 (0.025)

0.413 (0.876)
0.864 (0.461)

0.356 (0.235)
0.679 (0.033)

Lycopene
(μmol/L)

Males
Females

0.258
0.371

0.221 (0.142)
0.327 (0.304)

0.237 (0.607)
0.248 (0.017)

0.194 (0.056)
0.424 (0.539)

Total carotene
(μmol/L)

Males
Females

0.848
1.587

0.750 (0.168)
1.321 (0.057)

0.789 (0.591)
1.343 (0.214)

0.685 (0.091)
1.296 (0.172)

n

Males
Females

1140
1839

49
31

24
16

24
13

P values calculated using ANOVA after controlling for age in parentheses
Serum levels of total carotenes calculated as the sum of α-carotene, β-carotene, and lycopene levels.
Each serum level of carotenoids was transformed logarithmically.
* : The inhabitants who did not die of cardiovascular disease during follow-up
†: The inhabitants who died of each disease during follow-up

Table 3. Hazard ratios (HRs) of serum carotenoid values for cardiovascular disease mortality.
No
Model 1
Subjects deaths
HR (95% CI)
p value
3,059
80
0.52 (0.37- 0.74)
0.000
Cardiovascular disease α-carotene
3,059
80
0.61 (0.45- 0.82)
0.015
β-carotene
0.73 (0.55-0.97)
3,059
80
0.032
Lycopene
0.54 (0.38-0.77)
Total carotene
3,059
80
0.001

Model 2
HR (95% CI)
0.55 (0.38- 0.79)
0.64 (0.47-0.89)
0.77 (0.57-1.04)
0.57 (0.40-0.83)

p value
0.001
0.007
0.088
0.003

Heart disease

α-carotene
β-carotene
Lycopene
Total carotene

3,059
3,059
3,059
3,059

40
40
40
40

0.45 (0.27-0.73)
0.70 (0.45-1.09)
0.68 (0.45-1.03)
0.60 (0.37-0.99)

0.002
0.112
0.069
0.049

0.51 (0.30-0.86)
0.84 (0.53-1.34)
0.74 (0.48-1.13)
0.72 (0.41-1.23)

0.012
0.465
0.163
0.228

Stroke

α-carotene
β-carotene
Lycopene
Total carotene

3,059
3,059
3,059
3,059

37
37
37
37

0.56 (0.34-0.94)
0.53 (0.34-0.82)
0.76 (0.50-1.17)
0.48 (0.29-0.80)

0.027
0.005
0.210
0.005

0.52 (0.31-0.88)
0.48 (0.31-0.76)
0.78 (0.51-1.19)
0.45 (0.28-0.76)

0.016
0.002
0.253
0.003

Hazard ratios per each logarithmically transformed value of serum carotenoid levels (μmol/L) were calculated using Cox
proportional hazard model adjusting for sex, age, smoking status (Model 1), and sex, age, smoking status, alcohol consumption,
body mass index, systolic blood pressure, serum total cholesterol levels, and serum values of triglyceride and alanine transaminase
activity (Model 2).
Serum levels of carotenoids, triglyceride, and alanine transaminase activity were transformed logarithmically.
Serum levels of total carotenes were calculated as sum of α-carotene, β-carotene, and lycopene levels.
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DISCUSSION
The geographic area studied was located in a rural part of southern Hokkaido, Japan, where a comprehensive health check-up
programs, administered by the town office in collaboration with
several universities and research institutes, has been offered to
inhabitants older than 39 years of age every August from 1986 to
the present.23,24 The residents of this area are mainly engaged in
dairy farming, commercial fishing, and commerce. The serum
carotenoid levels of this cohort were roughly similar to those
found in other populations.26-28 For the assay method used in this
study, the serum carotenoid determination had a less than 15%
coefficient of variation for day to day variation26 and individual
variations in serum carotenoid levels among the study population
tended to be small over 3 years.29 Serum levels of α-carotene,
β-carotenes, and lycopene in this population were lower among
current smokers and regular alcohol drinkers, which was a finding
that has also been reported previously.23,30 Serum levels of total
cholesterol and serum enzyme activities reflect liver function and
closely correlated with serum levels of carotenoids such as αand β-carotenes because almost all serum carotenoids are carried
by lipoprotein in the blood and metabolized in the liver. 31,32
Because this was not a large-scale population study, we used Cox
proportional hazard model with both males and females to estimate the cardiovascular disease mortality risk associated with
serum carotenoid values, controlling for sex, age, smoking status,
and serum levels of lipids and ALT activity.
Some observational epidemiologic studies have shown that
high serum carotenoid levels are associated with a reduced coronary heart disease risk13 and that high baseline serum levels of
carotenoids such as α-carotene and β-carotene are inversely and
significantly associated with stroke.18,33 In contrast, it has been
shown that low serum lycopene levels are associated with an
increased risk of atherosclerotic vascular events17 and coronary
heart disease.16-18
The present results initially obtained by an observational,
Japanese population-based, epidemiologic follow-up study
showed that high serum values of carotenoids, especially αcarotene and β-carotene, are significantly and inversely associated with the risk for mortality from cardiovascular disease including stroke, and are in agreement with the results of oversea studies discussed above. High serum lycopene values are not always
significantly and inversely related with stroke mortality risk,
although they have a marginally significant association with a low
cardiovascular disease mortality risk.
Recently, it has been shown that oxidative stress, induced by
reactive oxygen species, plays an important role in cardiovascular
disease risk through the oxidation of circulating low-density
lipoproteins that are key players in the pathogenesis of atherosclerosis and cardiovascular disease.34-38 Inflammation markers, such
as highly sensitive C-reactive protein (CRP) and white blood cell
counts, have been shown to be significantly higher in patients
with an acute ischemic stroke than in controls.33 It is well known

that carotenoids, such as α-carotene, β-carotene, and lycopene,
have antioxidant activity, and that they protect against oxidative
stress such as damage to cell membranes caused by activated oxygen species and free radicals.20-22,36,38,39 Most carotenoids possess
bioactivities related to mediating an anti-inflammatory response,
which reduces cardiovascular disease risk.40
There have been reports indicating that higher serum levels of
α-carotene, β-carotene, and lycopene obtained through a high
intake of fruit and vegetables are associated with a lower risk of
cardiovascular disease and stroke.3-6,35,41 In fact, a high intake of
such foods can increase serum levels of α-carotene and βcarotene by about a few tenths of a percent, and bio-factors such
as other carotenoids and vitamins (including vitamins B and C)
appear to play a role in the prevention of early cardiovascular disease.10-12 Serum levels of carotenoids have been shown to reflect a
high intake of colored vegetables; the correlation coefficient
between serum levels of carotenoids and the intake frequencies of
vegetables such as spinach, carrots, and tomatoes is from 0.20 to
0.30 for α-carotene, from 0.21 to 0.33 for β-carotene, and from
0.09 to 0.23 for lycopene, respectively. We also found that serum
CRP levels in this population were inversely correlated with
serum levels of carotenoids (correlation coefficient: -0.19 for αcarotene, -0.22 for β-carotene, and -0.14 for lycopene, respectively).
These results are consistent in part with the inverse association
found between cardiovascular disease mortality and high serum
values of α-carotene, β-carotene, and lycopene observed in the
present study.
Our study showed that high serum values of α-carotene had a
stronger inverse association with a reduced heart disease mortality
risk than high serum values of β-carotene. Mean serum values of
β-carotene proved to be over 4-fold higher than those of αcarotene in this population. It has been reported that β-carotene,
when consumed together with fat, is effectively incorporated into
a human body,42 and that very high β-carotene levels appear to
lose their antioxidant effectiveness.43,44 These facts may partially
depend on the different hazard ratio trends for heart disease mortality between α-carotene and β-carotene values.
Although low serum lycopene levels were reportedly associated
with a high incidence of stroke,17 no significant inverse association was found in this study between serum lycopene values and
stroke mortality risk. Moreover, this agrees with previously
reported results in the American population which indicated that
high serum lycopene levels were not associated with a low cardiovascular disease risk,45 and that a high dietary lycopene intake was
not strongly associated with cardiovascular disease risk.41
It has been reported that tomato juice rich in lycopene exhibits
many bioactive functions, including acting as an antioxidant,
reducing inflammation, inhibiting cholesterol synthesis, improving immune function,36,38,39 and being beneficial in the prevention
of platelet aggregation and thrombosis.46
One report showed that, compared to serum α- and βcarotenes levels, serum lycopene levels were not as strongly asso-

Ito Y, et al.

ciated with inflammation markers such as highly sensitive CRP
levels and the NIH Stroke Scale scores, which indicate the severity of neurologic deficits.34 It has also been shown that the severity
of neurologic deficits strongly predicts the likelihood of a
patient's recovery after stroke.47
These findings may depend, in part, on the different hazard
ratio trends for stroke mortality among serum values of α- and
β-carotenes and lycopene. They may also be due in part to the
higher serum lycopene values found in female subjects who had
died than for those who survived. However, the reason why higher serum lycopene values were found only in the females who had
died is not clear. This result warrants further study.
In conclusion, the present results indicate that serum levels of
α-carotene and β-carotene as well as lycopene levels may be
particularly promising as biomarkers for predicting cardiovascular
disease mortality among inhabitants living in a rural area of
Japan.

6.

7.

8.
9.

10.

11.

ACKNOWLEDGEMENTS
The authors wish to thank the staffs of the comprehensive health
check-up programs held in Y-town of Hokkaido as well as Prof.
S. Hashimoto for his statistical advice, and Ms. S. Hioki for supplying some of the controlled data. We were greatly supported in
our research by the staffs of the Department of Public Health,
Aichi Medical University, the Departments of Internal Medicine
and Hygiene, Fujita Health University School of Medicine, the
Department of Urology, Kyoto Prefectural University School of
Medicine, the Department of Orthopaedic Surgery, Nagoya
University School of Medicine, the Division of Aichi Cancer
Center, Research Institute, the Nagoya City Employee's Health
Care Center, the Department of Adult Nutrition, National Institute
of Nutrition, and the Y-town Office of Hokkaido.

REFERENCES
1. Knekt P, Reunanen A, Jarvinen R, Seppanen R, Heliovaara
M, Aromaa A. Antioxidant vitamin intake and coronary mortality in a longitudinal population study. Am J Epidemiol
1994; 139: 1180-9.
2. Ness AR, Powles JW. Fruit and vegetables, and cardiovascular disease: a review. Int J Epidemiol 1997; 26: 1-13.
3. Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB,
Speizer FE, et al. The effect of fruit and vegetable intake on
risk for coronary heart disease. Ann Intern Med 2001; 134:
1106-14.
4. Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH, Willett
WC, et al. Fruit and vegetable intake and risk of cardiovascular disease: the Women's Health Study. Am J Clin Nutr 2000;
72: 922-8.
5. Genkinger JM, Platz EA, Hoffman SC, Comstock GW,
Helzlsouer KJ. Fruit, vegetable, and antioxidant intake and all
cause, cancer, and cardiovascular disease mortality in a com-

12.

13.

14.

15.
16.
17.

18.

19.
20.

21.
22.

159

munity-dwelling population in Washington Country,
Maryland. Am J Epidemiol 2004; 160: 1223-33.
Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm
EB, Speizer FE, et al. Fruit and vegetable intake in relation to
risk of ischemic stroke. JAMA 1999; 282: 1233-9.
Egger M, Schneider M, Smith GD. Meta-analysis spurious
precision? Meta-analysis of observational studies. BMJ 1998;
316: 140-4.
Kritchevsky SB. Beta-carotene, carotenoids and the prevention of coronary heart disease. J Nutr 1999; 129: 5-8.
Tavani A, La Vecchia C. Beta-carotene and risk of coronary
heart disease. A review of observational and intervention
studies. Biomed Pharmacother 1999; 53: 409-16.
Palace VP, Khaper N, Qin Q, Singal PK. Antioxidant potentials of vitamin A and carotenoids and their relevance to heart
disease. Free Radic Biol Med 1999; 26: 746-61.
Marchioli R, Schweiger C, Levantesi G, Tavazzi L,
Valagussa F. Antioxidant vitamins and prevention of cardiovascular disease: epidemiological and clinical trial data.
Lipids 2001; 36: S53-63.
Knekt P, Ritz J, Pereira MA, O Reilly EJ, Augustsson K,
Fraser GE, et al. Antioxidant vitamins and coronary heart disease risk: a pooled analysis of 9 cohorts. Am J Clin Nutr
2004; 80: 1508-20.
Morris DL, Kritchevsky SB, Davis CE. Serum carotenoids
and coronary heart disease. The Lipid Research Clinics
Coronary Primary Prevention Trial and Follow-up Study.
JAMA 1994; 272: 1439-41.
Daviglus ML, Orencia AJ, Dyer AR, Liu K, Morris DK,
Persky V, et al. Dietary vitamin C, beta-carotene and 30-year
risk of stroke: results from the Western Electric Study.
Neuroepidemiology 1997; 16: 69-77.
Suter PM. Effect of vitamin E, vitamin C, and beta-carotene
on stroke risk. Nutr Rev 2000; 58: 184-7.
Arab L, Steck S. Lycopene and cardiovascular disease. Am J
Clin Nutr 2000; 71 (6 Suppl): 1691S-5S.
Rissanen TH, Voutilainen S, Nyyssonen K, Lakka TA,
Sivenius J, Salonen R, et al. Low serum lycopene concentration is associated with an excess incidence of acute coronary
events and stroke: the Kuopio Ischaemic Heart Disease Risk
Factor Study. Br J Nutr 2001; 85: 749-54.
Hak AE, Ma J, Powell CB, Campos H, Gaziano JM, Willett
WC, et al. Prospective study of plasma carotenoids and tocopherols in relation to risk of ischemic stroke. Stroke 2004; 35:
1584-8.
Machlin LJ, Bendich A. Free radical tissue damage: protective role of antioxidant nutrients. FASEB J 1987; 1: 441-5.
McCall MR, Frei B. Can antioxidant vitamins materially
reduce oxidative damage in humans? Free Radic Biol Med
1999; 26: 1034-53.
Krinsky NI. Carotenoids as antioxidants. Nutrition 2001; 17:
815-7.
Stahl W, Sies H. Antioxidant activity of carotenoids. Mol

160

Cardiovascular Disease Mortality and Serum Carotenoids

Aspects Med 2003; 24: 345-51.
23. Ito Y, Suzuki S, Yakyu K, Sasaki R, Suzuki K, Aoki K.
Relationship between serum carotenoid levels and cancer
death rates in the residents, living in a rural area of Hokkaido,
Japan. J Epidemiol 1997; 7: 1-8.
24. Ito Y, Suzuki K, Suzuki S, Sasaki R, Otani M, Aoki K.
Serum antioxidants and subsequent mortality rates of all
causes or cancer among rural Japanese inhabitants. Int J Vit
Nutr Res 2002; 72: 237-50.
25. Ito Y, Kurata M, Hioki R, Suzuki K, Ochiai J, Aoki K.
Cancer mortality and serum levels of carotenoids, retinol, and
tocopherol: a population-based follow-up study of inhabitants
of a rural area of Japan. Asian Pacific J Cancer Prev 2005; 6:
10-5.
26. Ito Y, Ochiai J, Sasaki R, Suzuki S, Kushuhara Y, Morimitsu
Y, et al. Serum concentrations of carotenoids, retinol, and
alpha-tocopherol in healthy persons determined by high-performance liquid chromatography. Clin Chim Acta 1990; 194:
131-44.
27. Ito Y, Sasaki R, Suzuki S, Yasui T, Hishida H, Otani M, et al.
Serum carotenoid levels and its sex differences in the residents living in a southern area of Hokkaido. Vitamins 1994;
68: 351-63. (In Japanese)
28. Ito Y, Shimizu H, Yoshimura T, Hashimoto T, Hayakawa N,
Shinohara R, et al. Relationship between serum levels of lipid
peroxides and carotenoids among residents in Japan.
Vitamins 1997; 71: 427-34. (In Japanese)
29. Ito Y, Suzuki K, Ichino N, Imai H, Sakamoto H, Hokama M,
et al. The risk of Helicobacter pylori infection and atrophic
gastritis from food and drink intake: a cross-sectional study in
Hokkaido, Japan. Asian Pac J Cancer Prev 2000; 1: 147-56.
30. Ito Y, Sasaki R, Suzuki S, Aoki K. Relationship between
serum xanthophyll levels and the consumption of cigarettes,
alcohol or foods in healthy inhabitants of Japan. Int J
Epidemiol 1991; 20: 615-20.
31. Bendich A, Olson JA. Biological actions of carotenoids.
FASEB J 1989; 3: 1927-32.
32. Olsen JA. Carotenoids. In: Shils ME, Olsen JA, Shike M and
Ross AC, eds, Modern nutrition in health and disease, Ninth
ed. Lippincott Williams & Wilkins, 1999: 525-41.
33. Chang CY, Chen JY, Ke D, Hu ML. Plasma levels of
lipophilic antioxidant vitamins in acute ischemic stroke
patients: correlation to inflammation markers and neurologi-

cal deficits. Nutrition 2005; 21: 987-93.
34. Heinecke JW. Free radical modification of low-density
lipoprotein: mechanisms and biological consequences. Free
Radic Biol Med 1987; 3: 65-73.
35. Blum A, Monir M, Wirsansky I, Ben-Arzi S. The beneficial
effects of tomatoes. Eur J Intern Med 2005; 16: 402-4.
36. Rao AV. Lycopene, tomatoes, and the prevention of coronary
heart disease. Exp Biol Med 2002; 227; 908-13.
37. Madamanchi NR, Vendrov A, Runge MS. Oxidative stress
and vascular disease. Arterioscler Thromb Vasc Biol 2005;
25: 29-38.
38. Clinton SK. Lycopene: chemistry, biology, and implications
for human health and disease. Nutr Res 1998; 56: 35-51.
39. Canene-Adams K, Campbell JK, Zaripheh S, Jeffery EH,
Erdman JW Jr. The tomato as a functional food. J Nutr 2005;
135: 1226-30.
40. van Herpen-Broekmans WM, Klopping-Ketelaars IA, Bots
ML, Kluft C, Princen H, Hendriks HF, et al. Serum
carotenoids and vitamins in relation to markers of endothelial
function and inflammation. Eur J Epidemiol 2004; 19: 91521.
41. Sesso HD, Liu S, Gaziano JM, Buring JE. Dietary lycopene,
tomato-based food products and cardiovascular disease in
women. J Nutr 2003; 133: 2336-41.
42. Prince MR, Frisoli JK. Beta-carotene accumulation in serum
and skin. Am J Clin Nutr 1993; 57: 175-81.
43. Palozza P. Prooxidant actions of carotenoids in biologic systems. Nutr Rev 1998; 56: 257-65.
44. Young AJ, Lowe GM. Antioxidant and prooxidant properties
of carotenoids. Arch Biochem Biophys 2001; 385: 20-7.
45. Sesso HD, Buring JE, Norkus EP, Gaziano JM. Plasma
lycopene, other carotenoids, and retinol and the risk of cardiovascular disease in men. Am J Clin Nutr 2005; 81: 990-7.
46. Hsiao G, Wang Y, Tzu NH, Fong TH, Shen MY, Lin KH, et
al. Inhibitory effects of lycopene on in vitro platelet activation and in vivo prevention of thrombus formation. J Lab Clin
Med 2005; 146: 216-26.
47. Adams HP Jr, Davis PH, Leira EC, Chang KC, Bendixen BH,
Clarke WR, et al. Baseline NIH Stroke Scale score strongly
predicts outcome after stroke: a report of the Trial of Org
10172 in Acute Stroke Treatment (TOAST). Neurology
1999; 53: 126-31.

