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Lung Cancer Mortality and Serum Levels of Carotenoids, Retinol, Tocopherols,
and Folic Acid in Men and Women: a Case-Control Study Nested in the JACC
Study

BACKGROUND: Lung cancer mortality is inversely associated with high serum carotenoid levels and
high intake of vegetables and fruits rich in carotenoids. The Japan Collaborative Cohort (JACC) Study
was conducted to investigate whether serum levels of carotenoids, retinol, tocopherols, and folic acid
were associated with risk for lung cancer death with follow-up through 1997. To examine the associa-
tion by sex, we extended the follow-up and analyzed additional serum samples. 
METHODS: In the JACC Study, 39,242 subjects provided serum samples at baseline between 1988
and 1990. We identified 211 cases (163 men and 48 women) of death from lung cancer during about
10-year follow-up ending in 1999. Of the subjects who survived to the end of that follow-up, 487 con-
trols (375 men and 112 women) were selected, and were matched to each case of lung cancer death
for sex, age and participating institution. We measured serum levels of antioxidants in cases of lung
cancer death and controls. Odds ratio (OR) for lung cancer death was estimated using conditional
logistic models by sex.
RESULTS: For men, the risk of lung cancer death was significantly lower for the highest quartile of
serum α- and β-carotenes, lycopene, and β-cryptoxanthin than for the lowest quartile: the OR adjust-
ed for smoking and other covariates were 0.41, 0.28, 0.46, and 0.39, respectively. For women, serum
levels of α-carotene and zeaxanthin/lutein were inversely associated with risk of lung cancer, but the
association was not significant. No association between lung cancer and serum levels of β-carotene,
β-cryptoxanthin, and retinol was appeared among women. There was a suggestion that association
between lung cancer and high serum levels of these components might differ between men and
women.
CONCLUSIONS: Higher serum levels of carotenoids appear to play a role in preventing death from
lung cancer among Japanese men. Relationships between lung cancer and serum levels of some
carotenoids appear to differ between sexes. However, further study with a large number of women
cases needs to clarify the discrepancy between sexes.
J Epidemiol 2005; 15: S140-S149.
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Selection of Cases and Controls
Lung cancer deaths were identified using municipal registration
records and death certificates.14,15 We followed subjects until late
1999, and eligible case subjects were defined as those who died
from lung cancer (International Statistical Classification of
Diseases and Related Health Problems 10th Revision: C34).
During about 10-year follow-up, 240 deaths from lung cancer
were identified among the subjects who provided baseline serum
samples. Of these, we excluded 8 subjects with a previous history
of cancer, and excluded 21 who lacked suitable samples. For each
case of lung cancer death (hereafter referred to as "cases"), 2 or 3
controls were selected from the survivors, matching for sex, age
(as near as possible), and participating institution. Of the initial
569 matched controls, we excluded 6 with a previous history of
cancer, 30 who lacked sufficient samples, and 46 whose matched
cases were excluded. Thus, 211 cases and 487 controls were
included in the analysis.

Determination of Serum Carotenoids, Retinol, Tocopherols, and
Folic Acid
All samples were analyzed by trained staff blinded to case-control
status. Serum total cholesterol (TC) was determined using an
autoanalyzer. Serum concentrations of carotenoids, RE, and toco-
pherols were measured by high-performance liquid chromatogra-
phy, as described elsewhere.17 All samples were stored in deep
freezers at -80℃ for about 11 years, and serum levels of
carotenoids, RE and tocopherols were measured using the same
equipment for all specimen; the ranges of repeatability and day-
to-day variation were 4.6% to 6.9% and 6.3% to 20.0%, respec-
tively, for the assays of carotenoids, RE, and tocopherols.17 We
could not separately measure serum levels of zeaxanthin and
lutein or β- and γ-tocopherols, and therefore report the com-
bined levels as ZL or β- and γ-tocopherols (BT), respectively.
We calculated total carotenes (TCR) as the sum of AC, BC, and
LY, calculated total xanthophylls (TXP) as the sum of CR, ZL,
and canthaxanthin (CX), and calculated total provitamin A (PVA)
as the sum of AC, BC, and CR. Total carotenoids (TCA) were
calculated as TCR plus TXP. Serum folic acid levels were deter-
mined using a cloned enzyme donor immunoassay.18

Statistical Analysis
Body mass index (BMI) at baseline was calculated from reported
height and weight: BMI = (weight in kg)/(height in m)2. Mean dif-
ferences between lung cancer cases and matched controls were
examined by t test after converting serum levels of carotenoids,
RE, tocopherols, folic acid and TC to logarithmic values.
Analysis of covariance (ANCOVA) was also performed after con-
trolling for age, participating institutions, smoking, alcohol con-
sumption, BMI and serum TC level.19 Two conditional logistic
regression models were used to calculate odds ratio (OR) for lung
cancer death.19 Variables adjusted in the models were as follows:
model 1 (OR1), age, participating institution, and smoking; model
2 (OR2), age, participating institution, smoking, alcohol con-

Ito Y, et al.

Many epidemiological studies have shown that dietary intake of
vegetables and fruits rich in carotenoids such as β-carotene (BC)
can decrease human lung cancer risk.1-6 Recent studies have found
that serum carotenoids such as β-cryptoxanthin (CR) and lutein
have clear inverse associations with lung cancer risk.7 We previ-
ously found that high serum levels of  α-carotene (AC) and BC
can reduce the risk of lung cancer death, in a case-control study
nested in a large-scale Japanese cohort.8 Serum levels of AC and
BC are affected by daily lifestyle elements such as diet, smoking
and alcohol consumption,9,10 and this appears to be partly respon-
sible for sex differences in lung cancer risk. Recent intervention
studies of BC administration have shown no inverse association
between BC administration and lung cancer incidence among
non-Asians.4, 11-13

In the present study, to examine the association by sex, we
extended the follow-up until 1999 and analyzed additional serum
samples. We investigated the association between death from
lung cancer and serum levels of carotenoids and other antioxi-
dants in Japanese.

METHODS

Subjects and Blood Samples
The study subjects were recruited in the Japan Collaborative
Cohort Study (JACC Study) for Evaluation of Cancer Risk spon-
sored by the Ministry of Education, Science, Sports, and Culture
of Japan (Monbusho). The details of the JACC study are
described elsewhere.14,15 A questionnaire about health and lifestyle
was distributed to the participants. The questions addressed per-
sonal and family medical histories, smoking, alcohol consump-
tion, dietary intake of major foods, and anthrometric factors.14,15 In
addition to completing the questionnaire survey, participants in
the present study gave peripheral blood samples at health screen-
ing check-ups sponsored by municipalities between 1988 and
1990. A total of 39,242 subjects aged 40 to 79 years (35.3% of the
110,792 respondents to the questionnaire survey) provided blood
samples. Sera were separated from the samples at laboratories in
or near the surveyed municipalities as soon as possible after the
blood was drawn.16 Serum of each participant was divided into 3
to 5 tubes (100 to 500 μL per tube), and serum samples were
stored in deep freezers at -80℃ until 2001 and 2002. We found
the following decreases in mean percentages of serum compo-
nents using pooled sera after 9 years of storage at -80℃: AC and
BC, less than 10% decrease; lycopene (LY), CR,
zeaxanthin&lutein (ZL), retinol (RE), and α-tocopherol (AT),
less than 20%.

Informed consent for participation was obtained individually
from subjects, with the exception of those in some study areas in
which informed consent was provided as the group level after the
aim of the study and confidentiality of the data had been
explained to community leaders. This study was approved by the
Ethical Board of the Nagoya University School of Medicine.
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Odds Ratio for Lung Cancer Death
The OR of serum carotenoids and other components for lung can-
cer mortality is shown in Table 3. For men, risk adjusted for par-
ticipating institution, age and smoking (model 1: OR1) was sig-
nificantly lower for the highest serum levels of AC, BC, LY,
TCR, CR and RE than for the lowest levels. Also for men, with
the exception of RE, TC and folic acid, the OR also tended to be
lower for moderate serum levels (Q2 and/or Q3) than for the low-
est levels. The OR tended to be lower (though not significantly
so) for the highest serum levels of CX, TCA,BT, and AT. For
women, the OR tended to be lower for the highest serum levels of
carotenoids and other components, with the exception of BC, CR,
and RE, but the differences were not significant.

For men, risk further adjusted for smoking and other covariates
(model 2:OR2) was significantly or marginally significantly
lower for the highest serum levels of AC, BC, LY, TCR, CR,
TCA, PVA and RE than for the lowest levels, and the OR was
significantly or marginally significantly lower for moderate serum
levels of ZL, TCR, TXP and TCA than for the lowest levels. 

Analysis of data for women produced findings similar to those
obtained for men except for BC, CR, and RE. For women, risk
adjusted for smoking and other potential confounders also tended
to be lower for the highest quartile of AC, LY, TCR, ZL, CX,
TXP, TCA, BT, AT, and TC than for the lowest quartile, but the
differences were not even marginally significant. Also for
women, the OR were significantly or marginally significantly
lower for moderate serum levels of BC, PVA and AT than for the
lowest quartile. In both models, the OR was not lower for moder-
ate serum RE levels than for the lowest quartile. 

DISCUSSION

In this study, all deaths that occurred during the follow-up con-
ducted from 1988 to 1999 were included, and the study was con-
ducted using a nested case-control design by sex, controlling for
age, participating institution and smoking status. Differences
between sexes and participating institutions among the present
controls for serum levels of carotenoids, RE and tocopherols were
approximately similar to those seen in other populations.20-22

Serum levels of carotenoids such as AC, BC, CR, and ZL were
lower among current smokers and regular alcohol drinkers in the
present study (data not shown), a finding also reported in other
investigations.9, 10, 20 In addition, serum levels of carotenoids and
tocopherols are associated with BMI, and serum TC levels closely
correlate with serum levels of carotenoids, because serum
carotenoids are carried by lipoprotein in the blood.23 The present
study is a nested case-control study adjusted for participating
institution. We tested for differences in serum levels of
carotenoids and other components between cases and controls,
and estimated the risk of lung cancer death associated with these
serum levels, controlling for age, participating institution, smok-
ing, alcohol consumption, BMI and serum cholesterol level, using
ANCOVA and logistic regression analysis.

Lung Cancer Mortality and Serum Carotenoids

sumption, BMI, and serum TC level.
In both sexes, cases and controls were categorized into 4

groups according to quartile levels of carotenoids, RE, toco-
pherols, folic acid, and TC: Q1 (lowest) to Q4 (highest).
However, the control subjects were not precisely divided into 4
equal groups, because some controls had identical serum values.
The OR was calculated for Q2, Q3 and Q4 versus Q1. To test for
linear trends across the quartiles, we coded each quartile as 0, 1,
2, or 3 and then incorporated it into the logistic model as a single
variable. Because smoking is a very important risk factor for lung
cancer, it was adjusted using the following detailed strata for
men: subjects who had never smoked; former smokers who had
not smoked for 0 to 4 years, 5 to 9, 10 to 14, 15 to 19, or 20 y or
longer; and current smokers with pack-years of 0 to 19, 20 to 39,
40 to 59, 60 to 79, 80 to 99, or 100 or more. For women、sub-
jects were categorized by smoking status (i.e., never, former, or
current smokers). All p values were two-sided, and all analyses
were performed using the Statistical Analysis System.19

RESULTS

Subject Characteristics
Table 1 shows the distribution of study subjects by sex, age,
smoking, alcohol consumption, BMI and some medical history at
baseline. About half of the subjects were in their 60s years of age,
and about 30% were in their 70s. For both sexes, current smokers
comprised a much greater proportion of cases than controls,
whereas current drinkers comprised a slightly smaller proportion
of cases than controls. A greater proportion of women than men
had high BMI (25.0+ kg/m2), and a greater proportion of controls
than cancer cases had high BMI. There was no apparent differ-
ence in major disease history between cases and controls.

Comparison of Serum Levels of Carotenoids, Retinol,
Tocopherols and Folic Acid between Lung Ccancer Cases and
Controls
Serum levels of carotenoids and other components at baseline
were compared between lung cancer cases and matched controls
(Table 2). For men, serum levels of AC, BC, LY, TCR, CR and
RE were significantly lower for lung cancer cases than for
matched controls. For women, there were no significant differ-
ences in serum levels of carotenoids, RE or tocopherols (except
for TC) between cancer cases and controls, although serum levels
of BC, LY, TCR, RE, TXP, and TCA tended to be lower for can-
cer cases. After adjusting for age, participating institution, smok-
ing, alcohol consumption, BMI and serum TC level, we found
that for men, serum levels of AC and LY were significantly lower
in cancer cases than in controls. Serum levels of BC, TCR, CR,
PVA, RE, and TC tended to be lower in cancer cases, especially
among men, but the differences were not significant. Among con-
trols, all serum levels of these components other than RE and CX
were higher in women than in men.
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α-Carotene
[AC]
(μmol/L)

β-Carotene
[BC]

(μmol/L)

Lycopene
[LY]

(μmol/L)

Total carotenes
[TCR]

(μmol/L)

β-Cryptoxanthin
[CR]

(μmol/L)

Zeaxanthin&lutein
[ZL]

(μmol/L)

Canthaxanthin
[CX]

(μmol/L)

Total xanthophylls
[TXP]

(μmol/L)

Total carotenoids
[TCA]

(μmol/L)

Provitamin A
[PVA]

(μmol/L)

Retinol
[RE]

(μmol/L)

β-&γ-Tocopherols
[BT]

(μmol/L)

α-Tocopherol
[AT]

(μmol/L)

Folic acid
(ng/mL)

Total cholesterol
[TC]

(mmol/L)

Ito Y, et al.

Table 3. Odds ratio (OR) and 95% confidence intervals (CI) for lung cancer death by sex and serum levels of carotenoids, retinol,   
tocophenols, folic acid, and total cholesterol.
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Category
<0.032
0.032-0.053
0.054-0.089
0.090-

<0.14
0.14-0.29
0.30-0.57
0.58-

<0.04
0.04-0.06
0.07-0.14
0.15-

<0.31
0.31-0.54
0.55-0.94
0.95-

<0.08
0.08-0.14
0.15-0.30
0.31-

<0.64
0.64-0.86
0.87-1.14
1.15-

<0.020
0.020-0.030
0.031-0.043
0.044-

<0.80
0.80-1.12
1.13-1.52
1.53-

<1.22
1.22-1.68
1.69-2.52
2.53-

<0.26
0.26-0.55
0.56-0.96
0.97-

<2.19
2.19-2.60
2.61-3.22
>3.23

<2.26
2.26-3.00
3.01-4.06
4.07-

<17.54
17.54-21.44
21.45-27.46
27.47-

<3.9
3.9-5.2
5.3-7.4
7.5-

<4.22
4.22-4.80
4.81-5.45
5.46-

Cases/
controls
48 86
52 101
37 93
26 95

47 93
55 94
42 93
19 95

46 91
48 87
45 103
24 94

49 93
53 94
37 94
24 94

49 93
48 94
41 93
25 95

55 93
35 94
29 93
44 95

37 82
50 104
37 90
39 99

51 93
39 94
39 94
34 94

51 93
42 94
44 94
26 94

43 93
59 94
35 94
26 94

50 93
36 94
55 94
22 94

48 86
42 100
40 95
33 94

42 90
46 95
41 95
34 95

23 43
19 43
23 45
16 46

39 90
38 92
53 95
29 93

OR1*

1.00
0.89
0.66
0.41

1.00
0.78
0.73
0.28

1.00
1.03
0.71
0.46

1.00
0.79
0.62
0.35

1.00
0.64
0.59
0.39

1.00
0.53
0.34
0.70

1.00
0.96
0.85
0.51

1.00
0.63
0.70
0.63

1.00
0.65
0.82
0.50

1.00
1.05
0.76
0.56

1.00
0.74
1.21
0.46

1.00
0.67
0.73
0.56

1.00
0.95
0.79
0.64

1.00
0.95
1.15
0.92

1.00
0.78
1.27
0.71

95% CI
Reference
0.52 - 1.53
0.35 - 1.23
0.20 - 0.85

Reference
0.43 - 1.44
0.39 - 1.37
0.13 - 0.64

Reference
0.58 - 1.81
0.38 - 1.33
0.21 - 0.98

Reference
0.44 - 1.42
0.32 - 1.19
0.17 - 0.74

Reference
0.34 - 1.23
0.29 - 1.20
0.18 - 0.85

Reference
0.29 - 0.95
0.17 - 0.68
0.37 - 1.33

Reference
0.53 - 1.76
0.43 - 1.69
0.24 - 1.10

Reference
0.35 - 1.15
0.38 - 1.30
0.33 - 1.23

Reference
0.36 - 1.19
0.45 - 1.53
0.24 - 1.02

Reference
0.58 - 1.89
0.39 - 1.49
0.26 - 1.20

Reference
0.40 - 1.35
0.70 - 2.10
0.22 - 0.95

Reference
0.38 - 1.20
0.40 - 1.32
0.29 - 1.08

Reference
0.52 - 1.73
0.41 - 1.51
0.33 - 1.25

Reference
0.33 - 2.72
0.41 - 3.20
0.26 - 3.28

Reference
0.44 - 1.38
0.74 - 2.19
0.37 - 1.34

P for trend

0.01

0.01

0.03

0.01

0.03

0.21

0.09

0.25

0.13

0.09

0.23

0.12

0.16

0.99

0.71

OR2†

1.00
0.88
0.60
0.40

1.00
0.78
0.71
0.23

1.00
1.07
0.59
0.44

1.00
0.71
0.53
0.29

1.00
0.56
0.57
0.32

1.00
0.43
0.34
0.66

1.00
1.19
0.91
0.55

1.00
0.57
0.65
0.59

1.00
0.54
0.67
0.42

1.00
0.98
0.62
0.43

1.00
0.76
1.27
0.49

1.00
0.69
0.74
0.66

1.00
1.00
0.83
0.77

1.00
0.84
1.17
0.82

1.00
0.76
1.19
0.72

95% CI
Reference
0.49 - 1.58
0.31 - 1.18
0.18 - 0.86

Reference
0.41 - 1.51
0.36 - 1.39
0.09 - 0.55

Reference
0.58 - 1.95
0.30 - 1.17
0.19 - 1.05

Reference
0.38 - 1.34
0.26 - 1.08
0.13 - 0.67

Reference
0.28 - 1.13
0.27 - 1.22
0.13 - 0.78

Reference
0.22 - 0.81
0.17 - 0.70
0.33 - 1.35

Reference
0.62 - 2.28
0.43 - 1.93
0.23 - 1.31

Reference
0.30 - 1.09
0.34 - 1.26
0.28 - 1.25

Reference
0.28 - 1.03
0.34 - 1.33
0.19 - 0.95

Reference
0.52 - 1.87
0.30 - 1.31
0.19 - 1.00

Reference
0.40 - 1.46
0.70 - 2.28
0.22 - 1.08

Reference
0.37 - 1.30
0.40 - 1.39
0.33 - 1.31

Reference
0.52 - 1.90
0.39 - 1.77
0.35 - 1.68

Reference
0.25 - 2.79
0.38 - 3.64
0.20 - 3.35

Reference
0.42 - 1.37
0.67 - 2.11
0.37 - 1.40

P for trend

0.02

0.00

0.03

0.00

0.03

0.24

0.14

0.26

0.09

0.03

0.42

0.28

0.47

0.95

0.71

Category
<0.058
0.058-0.090
0.091-0.149
0.150-

<0.40
0.40-0.74
0.75-1.20
1.21-

<0.07
0.07-0.11
0.12-0.19
0.20-

<0.65
0.65-1.20
1.21-1.90
1.91-

<0.19
0.19-0.30
0.31-0.48
0.49-

<0.70
0.70-1.00
1.01-1.41
1.42-

<0.029
0.029-0.036
0.037-0.051
0.052-

<1.08
1.08-1.51
1.52-2.11
2.12-

<1.87
1.87-2.75
2.76-3.92
3.93-

<0.71
0.71-1.28
1.29-1.87
1.88-

<1.92
1.92-2.31
2.32-2.77
2.78-

<2.79
2.79-3.61
3.62-4.96
4.97-

<21.39
21.39-26.64
26.65-30.75
30.76-

<4.7
4.7-6.3
6.4-9.8
9.9-

<4.66
4.66-5.40
5.41-6.00
6.01-

Cases/
controls
12 27
13 29
14 27
9 29

12 28
18 28
5 28

13 28

12 28
15 28
12 28
9 28

11 28
18 28
10 28
9 28

11 28
13 27
11 29
13 28

13 27
18 29
10 28
7 28

15 27
10 26
11 25
12 34

14 28
15 28
12 28
7 28

14 28
15 28
10 28
9 28

13 28
18 28
3 28

14 28

13 28
11 27
8 29

16 28

17 28
10 22
13 33
8 29

13 27
20 29
6 28
9 28

8 15
8 16
7 16
6 16

16 27
17 26
8 28
7 27

OR1*

1.00
0.80
0.88
0.52

1.00
1.50
0.43
0.97

1.00
1.24
1.09
0.83

1.00
1.60
0.81
0.69

1.00
1.07
0.77
1.16

1.00
0.92
0.53
0.28

1.00
0.56
0.61
0.37

1.00
0.80
0.67
0.29

1.00
0.79
0.52
0.37

1.00
1.23
0.14
0.89

1.00
0.93
0.69
1.26

1.00
0.66
0.47
0.27

1.00
1.11
0.25
0.40

1.00
1.04
1.09
0.79

1.00
1.03
0.45
0.35

95% CI
Reference
0.26 - 2.44
0.25 - 3.11
0.13 - 2.06

Reference
0.50 - 4.49
0.11 - 1.72
0.27 - 3.43

Reference
0.47 - 3.24
0.39 - 3.04
0.22 - 3.10

Reference
0.51 - 5.07
0.22 - 3.02
0.18 - 2.74

Reference
0.31 - 3.64
0.22 - 2.73
0.31 - 4.39

Reference
0.33 - 2.58
0.16 - 1.73
0.06 - 1.21

Reference
0.19 - 1.71
0.20 - 1.90
0.11 - 1.25

Reference
0.26 - 2.48
0.21 - 2.14
0.06 - 1.27

Reference
0.28 - 2.25
0.15 - .86
0.09 - 1.53

Reference
0.37 - 4.10
0.02 - 0.82
0.25 - 3.21

Reference
0.35 - 2.48
0.22 - 2.19
0.46 - 3.43

Reference
0.24 - 1.87
0.17 - 1.31
0.08 - 0.93

Reference
0.44 - 2.84
0.06 - 1.03
0.11 - 1.38

Reference
0.27 - 4.00
0.26 - 4.52
0.13 - 4.71

Reference
0.39 - 2.70
0.15 - 1.39
0.11 - 1.18

P for trend

0.38

0.49

0.79

0.27

0.96

0.06

0.14

0.12

0.14

0.51

0.66

0.04

0.06

0.84

0.04

OR2†

1.00
0.54
0.77
0.39

1.00
1.42
0.20
0.82

1.00
1.17
0.92
0.63

1.00
1.56
0.64
0.66

1.00
1.25
0.83
1.00

1.00
1.40
0.30
0.29

1.00
0.59
0.52
0.39

1.00
0.84
0.56
0.30

1.00
0.57
0.30
0.27

1.00
1.17
0.03
0.79

1.00
1.00
1.10
2.25

1.00
0.94
0.62
0.46

1.00
1.40
0.19
0.58

1.00
1.00
0.87
0.93

1.00
0.92
0.42
0.34

95% CI
Reference
0.15 -1.89
0.18 - 3.30
0.07 - 2.1

Reference
0.41 - 4.91
0.04 - 1.15
0.19 - 3.58

Reference
0.35 - 3.96
0.25 - 3.42
0.12 - 3.25

Reference
0.43 - 5.67
0.14 - 2.99
0.13 - 3.41

Reference
0.32 - 4.86
0.21 - 3.34
0.22 - 4.48

Reference
0.39 - 5.00
0.07 - 1.32
0.05 - 1.60

Reference
0.16 - 2.10
0.14 - 1.87
0.09 - 1.62

Reference
0.23 - 3.09
0.15 - 2.05
0.06 - 1.42

Reference
0.17 - 1.95
0.07 - 1.26
0.06 - 1.34

Reference
0.24 - 5.64
0.00 - 0.34
0.15 - 4.24

Reference
0.30 - 3.33
0.30 - 4.01
0.68 - 7.47

Reference
0.28 - 3.14
0.20 - 1.85
0.13 - 1.70

Reference
0.45 - 4.35
0.04 - 1.05
0.12 - 2.78

Reference
0.20 - 4.97
0.15 - 5.09
0.10 - 8.50

Reference
0.33 - 2.60
0.13 - 1.42
0.10 - 1.17

P for trend

0.41

0.48

0.5

0.32

0.74

0.03

0.21

0.1

0.32

0.47

0.16

0.24

0.25

0.88

0.04

Controls were not precisely divided into 3 even groups due to identical measurement values.
*  : Adjusted for age, participating institution and smoking using conditional logistic models.
†: Adjusted for age, participating institution, smoking, alcohol drinking, body mass index and serum total cholesterol levels using conditional logistic models.

Male Female
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highest serum BC levels may be due in part to prooxidant effects
of BC.

In the present study, the OR was not lower for women with
higher serum CR levels, but the OR was significantly lower for
men with high serum CR levels. Mandarin juice, which is rich in
CR, has chemo-preventive effects against mouse lung tumorigen-
esis.37 In follow-up studies, high serum levels of CR have been
associated with reduced risk of lung cancer.7,30 In light of these
reports, our finding that serum CR levels have an inverse associa-
tion with lung cancer mortality should be followed up, because of
the potential for application of this protective substance in pre-
vention of lung cancer mortality.38 Further study, with a large
study population for women and measurement of serum levels of
other carotenoids, is needed to clarify the present discrepancy
between sexes.

In the present study, although serum CX was at trace levels,
serum CX levels tended to be inversely associated with lung can-
cer risk in both sexes, and high serum ZL levels were associated
with lower risk. CX and ZL also possess antioxidant activities and
immune-promoting function.25,28,29 It has been reported that the fine
bioavailability of lutein, a major carotenoid in green-leaf vegeta-
bles, is 5 times higher than that of BC.39 In addition, in animal
experiments, CX has been shown to exhibit anticarcinogenetic
activities via induction of apoptosis.40 These findings are consis-
tent with the results of the present study.

In contrast, there have been no reports of clear associations
between lower OR for lung cancer and higher serum levels of
folic acid. It has been shown that folic acid scavenges free radi-
cals,41 and that high intake of folate helps reduce the risk of lung
cancer.42,43 An association between low mortality from lung cancer
and high intake of folate has been found in a Netherlands cohort
study.43 However, the Alpha-Tocopherol Beta-Carotene Cancer
Prevention (ATBC) Study found no significant association
between lung cancer incidence and serum levels of folate among
elderly men.44 We found that serum folic acid levels were not
clearly inversely associated with lung cancer death in men or
women, as same as previous study.8 However, further investiga-
tion is needed to clarify this issue; the sample size for serum folic
acid in the present study was limited.

No associations have been found between the risk of lung can-
cer and intake of vitamin E (AT) or vitamin A (RE).42,45 In 9 popu-
lation studies, all cases of lung cancer death were found to have
low serum BC levels, compared to surviving lung cancer patients,
whereas only a few cases of lung cancer death had lower serum
levels of RE and AT.46 In the present study, trends in serum RE
levels differed between sexes; the OR for men decreased at serum
RE levels greater than 3.23μmol/L. However, the OR for men
did not decrease at serum RE levels less than 3.22μmol/L, which
is similar to the trend for women with the highest serum RE lev-
els. In a previous follow-up study of Japanese subjects, we found
that higher serum RE levels were not significantly associated with
mortality from cancer of all sites,47 a finding similar to the present
results for women. The available evidence suggests that higher

In the present study, analyses indicated that for men, higher
serum levels of carotenoids such as AC, BC, LY, TCR, CR, ZL,
TXP, and TCA were significantly or marginally significantly
associated with lower lung cancer mortality, as same as previous
study,8 whereas no such clear relationships were observed for
women. Previous studies have demonstrated that serum levels of
BC are lower in lung cancer cases.8, 24, 25 In the present study, there
was no decreased the OR for women with the highest serum BC
levels (1.21+μmol/L), although the OR tended to be lower for
both men and women with moderate serum BC levels. Although
the mechanisms of carcinogenesis are complex, BC (which has
particularly high provitamin A activity) is considered to be a cru-
cial factor.

The finding that BC has antioxidant activity and enhances
immunity related to carcinogenesis also suggests that BC protects
against oxidative stress such as damage to cell membranes,
enzymes and nucleic acids caused by activated oxygen species
and free radicals.23, 26 According to some reports, most carotenoids
possess antioxidant activity23, 27, 28 and carotenoids such as AC and
BC can enhance cell-mediated immune responses.29 That is con-
sistent with the inverse association between lung cancer death and
high serum levels of AC and BC observed among men in the pre-
sent study. There have been reports indicating that higher serum
levels of carotenoids other than BC obtained through high intake
of vegetables and fruits are associated with lower risk of lung
cancer.7, 30 High intake of vegetables and fruits can increase serum
levels of carotenoids by about a few tenths of a percent, and bio-
factors such as vitamins and carotenoids (including AC and BC)
appear to play a role in prevention of cancer incidence.25 In a
study of bioactivity of AC, the promotion stage of lung carcino-
genesis in mice was found to be suppressed more effectively by
AC than BC.31

In contrast, intervention trials have found that high-dose admin-
istration of synthetic BC is associated with an increased incidence
of lung cancer in smokers11 and industrial workers.12 A trial con-
ducted by American physicians found no inverse association
between synthetic BC administration and lung cancer incidence.13

A high dose of synthetic BC elevates serum BC levels more than
10-fold, and then produces prooxidant activities in biological sys-
tems.4,32 It has been reported that synthetic BC administration also
increases levels of cell proliferation indicators such as c-jun and
c-fos proteins in the lungs of ferrets.33 Thus, the available data
suggest that high-dose administration of synthetic BC alone is
associated with high risk of lung cancer incidence.4, 34

In most Japanese populations, serum BC levels are more than
2-fold higher for women than for men.20-22 Serum BC levels have
been shown to reflect high intake of colored vegetables, and BC
consumed together with fat is incorporated effectively into the
body.35 We previously found that, after synthetic BC administra-
tion in Japanese, serum levels of thiobarbituric acid-reactive sub-
stances (TBARS; a class of lipid peroxides) were significantly
elevated and were more than 3-fold greater than serum BC lev-
els.36 In the present study, the non-lower OR for women with the
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