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International reviews have concluded that consumption of fruit and vegetables
might decrease the risk of lung cancer. However, the relevant epidemiological
evidence still remains insufficient in Japan. Therefore, we performed a pooled
analysis of data from four population-based cohort studies in Japan with
>200 000 participants and >1700 lung cancer cases. We computed study-specific
hazard ratios by quintiles of vegetable and fruit consumption as assessed by
food frequency questionnaires. Summary hazard ratios were estimated by pool-
ing the study-specific hazard ratios with a fixed-effect model. In men, we found
inverse associations between fruit consumption and the age-adjusted and area-
adjusted risk of mortality or incidence of lung cancer. However, the associations
were largely attenuated after adjustment for smoking and energy intake. The sig-
nificant decrease in risk among men remained only for a moderate level of fruit
consumption; the lowest summary hazard ratios were found in the third quintile
of intake (mortality: 0.71, 95% confidence interval 0.60-0.84; incidence: 0.83, 95%
confidence interval 0.70-0.98). This decrease in risk was mainly detected in ever
smokers. Conversely, vegetable intake was positively correlated with the risk of
incidence of lung cancer after adjustment for smoking and energy intake in men
(trend P, 0.024); the summary hazard ratio for the highest quintile was 1.26 (95%
confidence interval 1.05-1.50). However, a similar association was not detected
for mortality from lung cancer. In conclusion, a moderate level of fruit consump-
tion is associated with a decreased risk of lung cancer in men among the Japa-
nese population.

he protective effects of vegetable and fruit consumption

against the development of lung cancer have (previously
been examined in case-control and cohort studies."* There
has been particular interest in the potential of vegetables,
which are rich in carotenoids, for reducing the risk of
lung cancer. An international review by the World Cancer
Research Fund and the American Institute for Cancer
Research®® concluded that consumption of fruit and foods
containing carotenoids probably decreases the risk of lung
cancer, and that consumption of non-starchy vegetables pos-
sibly decreases this risk (the evidence was classified as
“limited—suggestive”). This conclusion is in agreement with
a review by the International Agency for Research on Can-

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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cer (IARC),""” which reported that a high intake of fruit and
vegetables is associated with a decreased risk of Ilung
cancer, based on meta-analyses of cohort and case-control
studies.

However, clinical trials of -carotene supplementation failed
to show a decrease in the risk of lung cancer.?®) In addition,
the hypothesized risk reduction in relation to the consumption
of vegetables has been challenged in some recent large-scale
prospective studies.”

To establish cancer prevention strategies in Japan, re-assess-
ment is required for the role of consumption of vegetables and
fruit in the prevention of lung cancer. Our research group pre-
viously reviewed published epidemiological studies on the
1057-1065
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association of vegetable and fruit consumption with the risk of
lung cancer in the Japanese population.” We showed that fruit
consumption possibly decreases the risk of lung cancer in
Japan, whereas there is insufficient epidemiological evidence
for an association between vegetable consumption and the risk
of lung cancer. This finding may indicate that a reduction in
risk through the intake of vegetables and fruit, if any, is smal-
ler in Japanese than in other populations.

However, in the process of this systematic review we real-
ized that there is insufficient relevant evidence in Japan. To
address this issue, we performed a pooled analysis of data
from four large-scale cohort studies carried out in Japan with
more than 200 000 participants.

Materials and Methods

Study populations. Since 2006, the Research Group for the
Development and Evaluation of Cancer Prevention Strategies
in Japan has been conducting pooled analyses using original
data from major cohort studies to examine the association of
lifestyle factors with major cancers in Japanese people.®'?
The following inclusion criteria were defined a priori for the
present analysis: (1) population-based cohort studies carried
out in Japan; (2) studies initiated between the mid-1980s
and mid-1990s; (3) involvement of more than 30 000 partici-
pants; (4) assessment of vegetable and fruit consumption in the
baseline survey with a food frequency questionnaire (FFQ);
and (5) follow up for the incidence and mortality of primary
lung cancer as outcome information. We eventually identified
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four studies that met these criteria: (1) the Ja(pan Public Health
Center-based Prospective Study-I (JPHC-I); D (2) the Japan
Public Health Center-based Prospective Study-II (JPHC-II);"'"
(3) the Japan Collaborative Cohort Study (JACC);'? and (4)
the Miyagi Cohort Study (MIYAGI)."'® Selected characteris-
tics of these cohort studies are shown in Table 1.

We excluded data from participants with extreme energy
intakes (>3 SD from the mean log.-transformed energy intake
in each study), those with missing information on dietary
intake and those with a history of cancer at baseline. The rele-
vant institutional review board approved each study. The
JPHC-I and JPHC-II have already published results on the
association of consumPtion of vegetables and fruit with
the risk of lung cancer.'* In the current study, we reanalyzed
the updated dataset for JPHC-I and JPHC-II.

Assessment of consumption of fruit and vegetables. In each
study, dietary intake was assessed by means of self-adminis-
tered FFQ. Although the FFQ differed by study, investigators
in each cohort estimated the consumption in grams for the fol-
lowing food groups, based on the frequency of intake: (1)
fruit; (2) total vegetables; (3) green-yellow vegetables; and (4)
vegetables and fruit. The details of the questionnaires have
been described previously.'> In brief, the questionnaire con-
tained questions asking about the average frequency of intake
of food items, including several vegetables and fruits. A por-
tion size for each food item was determined in each cohort
based on the median values observed in 12-day or 28-day die-
tary records (DR) that were collected in the validation studies
for the FFQ."®'® We computed daily intake of each food

Table 2. Summary hazard ratios for lung cancer mortality by level of consumption of vegetables and fruit

Men

Women

Number of cases

Summary hazard ratio (95% ClI)

h i % Cl
Number of cases Summary hazard ratio (95% CI)

Age and Multivariate- Age and Multivariate-
area-adjusted adjustedf area-adjusted adjustedt
Fruit Q1 344 1.00 1.00 90 1.00 1.00
Q2 261 0.74 (0.63-0.87) 0.80 (0.68-0.94) 74 0.85 (0.62-1.16)  0.91 (0.66-1.24)
Q3 231 0.64 (0.54-0.75) 0.71 (0.60-0.84) 77 0.89 (0.65-1.21)  0.98 (0.72-1.34)
Q4 271 0.71 (0.61-0.84) 0.85 (0.72-1.00) 77 0.88 (0.64-1.20) 0.97 (0.70-1.32)
Q5 278 0.71 (0.60-0.83) 0.90 (0.76-1.06) 83 0.94 (0.69-1.27) 1.03 (0.76-1.41)
Trend P 4x107° 0.275 0.805 0.700
Vegetables Q1 298 1.00 1.00 91 1.00 1.00
and fruit Q2 258 0.81 (0.69-0.96) 0.87 (0.74-1.03) 67 0.75 (0.55-1.04)  0.81 (0.59-1.11)
Q3 263 0.78 (0.66-0.93) 0.88 (0.75-1.04) 69 0.76 (0.56-1.05)  0.83 (0.60-1.14)
Q4 289 0.82 (0.69-0.96) 0.97 (0.82-1.14) 91 0.99 (0.74-1.33) 1.10 (0.82-1.49)
Q5 277 0.75 (0.64-0.89)  0.94 (0.79-1.11) 83 0.86 (0.63-1.16)  0.94 (0.69-1.27)
Trend P 0.003 0.890 0.890 0.659
Green-yellow Q1 279 1.00 1.00 77 1.00 1.00
vegetables Q2 265 0.92 (0.77-1.09)  0.98 (0.82-1.15) 76 1.01 (0.73-1.39) 1.06 (0.77-1.46)
Q3 255 0.84 (0.71-0.99)  0.92 (0.78-1.09) 81 1.02 (0.75-1.40) 1.10 (0.80-1.51)
Q4 286 0.87 (0.73-1.02)  0.98 (0.83-1.16) 78 0.94 (0.68-1.29) 1.01 (0.73-1.39)
Q5 300 0.82 (0.70-0.97)  0.99 (0.84-1.17) 89 1.01 (0.74-1.38) 1.10 (0.80-1.50)
Trend P 0.023 0.976 0.925 0.664
Vegetables Q1 258 1.00 1.00 79 1.00 1.00
Q2 265 0.98 (0.83-1.17) 1.04 (0.87-1.23) 82 1.05 (0.77-1.43) 1.11 (0.81-1.51)
Q3 263 0.91 (0.76-1.08)  0.98 (0.82-1.16) 71 0.89 (0.64-1.23)  0.93 (0.67-1.29)
Q4 292 0.97 (0.82-1.14) 1.05 (0.89-1.24) 81 0.96 (0.70-1.32) 1.02 (0.74-1.40)
Q5 307 0.96 (0.81-1.13) 1.09 (0.92-1.29) 88 0.98 (0.72-1.33) 1.03 (0.75-1.40)
Trend P 0.630 0.303 0.713 0.927

tAdjusted for age, area, smoking and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.
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item by multiplying the portion size by intake frequency per
day, and then estimated the consumption of fruit, total vegeta-
bles and green—yellow vegetables (g/day) by summing up the
daily intake of food items belonging to each of the three food
groups.

Correlation coefficients between intakes estimated from the
questionnaires and those from DR for fruit, total vegetables
and green—yellow vegetables, respectively, were 0.55, 0.27 and
0.25 in men and 0.35, 0.31 and 0.19 in women for the
JPHC,"” and 0.76, 0.60 and 0.54 in men and 0.70, 0.45 and
0.44 in women for the MIYAGL"®. Although the validity for
vegetable and fruit intake as food groups was not reported in
the JACC FFQ, the same questions posed in the MIYAGI were
asked regarding intake. Furthermore, Spearman’s rank correla-
tion coefficients between intake frequencies from the JACC
FFQ and those from DR for each food item of fruit and vege-
tables were reasonabl%/ high for individual foods (range, 0.18—
0.45; median, 0.33).” ) Smoking habits were determined using
the baseline questionnaires. Based on responses to the ques-
tionnaires, never smokers were defined as follows: participants
who answered no to the question “Have you ever been a smo-
ker?” in the JPHC-I; those who answered no to the question
“Do you currently smoke cigarettes?” and did not respond to
any question for former smokers (age at quitting smoking,
number of cigarettes smoked per day and age at starting smok-
ing) in the JPHC-II; and those who chose the last response
from the three possible responses, namely, “I smoke,” “I used
to smoke, but I quit” and “I have not smoked” in the JACC
and MIYAGI.

www.wileyonlinelibrary.com/journal/cas

Follow up and study outcome. Participants were followed
from the baseline survey until the last date of follow up in
each study (Table 1). Vital status was confirmed through the
residential registry. Information on the cause of death was
obtained from death certificates, and the cause of death was
coded according to the International Classification of Diseases,
Tenth Revision (ICD-10). Information on diagnosis of cancer
was collected for the whole population in the JPHC-I, JPHC-II
and MIYAGI through active patient notification from major
local hospitals and/or population-based cancer registries. In
the JACC, information on diagnosis of cancer was collected in
22 out of 45 study areas. Cancer cases were coded using the
International Classification of Diseases for Oncology, Third
Edition (ICD-0O-3). The study outcome was defined as death or
incidence of lung cancer (ICD-10, code C34 or ICD-O-3,
topography code C34). The percentage of incident cases
microscopically verified was 87.3% in the JPHC-I, 80.5% in
the JPHC-II and 86.5% in the MIYAGI. The percentage could
not be calculated in the JACC because the information on
diagnostic method was unavailable for 64% of lung cancer
cases in the cohort.

Statistical analyses. Analysis of the data included two parts:
analyses for mortality from lung cancer and the incidence of
lung cancer. The follow-up period was calculated from the
date of the baseline survey in each study until the date of
death or diagnosis of lung cancer, migration from the study
area or emigration from Japan (for the analyses of mortality in
the JPHC-I and JPHC-II), death from any cause or the end of
follow up, whichever came first. Losses to follow up due to

Table 3. Summary hazard ratios for lung cancer mortality by level of consumption of vegetables and fruit among never smokers

Men

Women

Number of cases

Summary hazard ratio (95% Cl)

Number of cases

Summary hazard ratio (95% Cl)

Age and Multivariate- Age and Multivariate-
area-adjusted adjustedf area-adjusted adjusted
Fruit Q1 96 1.00 1.00 62 1.00 1.00
Q2 97 1.14 (0.53-2.45) 1.11 (0.51-2.40) 50 0.79 (0.54-1.16) 0.79 (0.54-1.15)
Q3 81 0.89 (0.41-1.96) 0.90 (0.41-1.97) 66 1.09 (0.77-1.55) 1.08 (0.76-1.53)
Q4 89 0.88 (0.40-1.92) 0.89 (0.41-1.94) 69 1.11 (0.78-1.57) 1.09 (0.77-1.55)
Q5 112 1.00 (0.47-2.15) 1.00 (0.47-2.16) 64 1.05 (0.73-1.50) 1.05 (0.74-1.51)
Trend P 0.737 0.748 0.252 0.248
Vegetables Q1 91 1.00 1.00 60 1.00 1.00
and fruit Q2 91 1.00 (0.48-2.09) 1.01 (0.48-2.11) 51 0.91 (0.63-1.33) 0.91 (0.62-1.33)
Q3 80 0.35 (0.13-0.92) 0.35 (0.13-0.93) 57 1.03 (0.71-1.49) 1.02 (0.70-1.48)
Q4 108 0.91 (0.44-1.87) 0.93 (0.45-1.91) 81 1.37 (0.97-1.93) 1.36 (0.96-1.92)
Q5 105 0.74 (0.36-1.52) 0.74 (0.36-1.53) 62 1.00 (0.69-1.44) 1.00 (0.69-1.44)
Trend P 0.980 0.998 0.312 0.319
Green-yellow Q1 920 1.00 1.00 52 1.00 1.00
vegetables Q2 82 1.33 (0.56-3.19) 1.36 (0.57-3.26) 63 1.30 (0.89-1.88) 1.29 (0.89-1.88)
Q3 101 1.06 (0.43-2.63) 1.10 (0.44-2.72) 66 1.25 (0.86-1.81) 1.23 (0.85-1.80)
Q4 101 1.51 (0.68-3.39) 1.57 (0.70-3.52) 57 1.08 (0.74-1.59) 1.07 (0.73-1.58)
Q5 101 1.11 (0.49-2.54) 1.12 (0.49-2.54) 73 1.27 (0.88-1.84) 1.27 (0.88-1.84)
Trend P 0.690 0.678 0.491 0.505
Vegetables Q1 88 1.00 1.00 55 1.00 1.00
Q2 91 0.88 (0.41-1.92) 0.90 (0.41-1.95) 67 1.23 (0.86-1.77) 1.23 (0.85-1.76)
Q3 91 1.06 (0.51-2.21) 1.08 (0.52-2.25) 55 1.00 (0.69-1.46) 0.99 (0.68-1.45)
Q4 97 0.58 (0.24-1.37) 0.59 (0.25-1.40) 66 1.11 (0.77-1.59) 1.10 (0.76-1.58)
Q5 108 0.97 (0.49-1.90) 0.96 (0.49-1.89) 68 1.08 (0.75-1.55) 1.08 (0.75-1.55)
Trend P 0.681 0.651 0.950 0.961

tAdjusted for age, area and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 4. Summary hazard ratios for lung cancer mortality by level of consumption of vegetables and fruit among ever smokers

Men

Women

Number of cases

Summary hazard ratio (95% Cl)

1 0,
Number of cases Summary hazard ratio (95% Cl)

Age and Multivariate- Age and area- Multivariate-
area-adjusted adjustedf adjusted adjustedt
Fruit Q1 308 1.00 1.00 19 1.00 1.00
Q2 247 0.77 (0.65-0.91) 0.81 (0.68-0.95) 20 1.28 (0.71-2.31) 1.36 (0.75-2.48)
Q3 210 0.64 (0.53-0.76) 0.69 (0.58-0.82) 11 0.48 (0.20-1.14) 0.53 (0.22-1.25)
Q4 252 0.76 (0.64-0.90) 0.85 (0.72-1.01) 11 0.44 (0.18-1.07) 0.51 (0.21-1.26)
Q5 266 0.75 (0.63-0.88) 0.87 (0.74-1.04) 9 0.56 (0.25-1.27) 0.58 (0.25-1.32)
Trend P 0.001 0.177 0.031 0.049
Vegetables Q1 262 1.00 1.00 23 1.00 1.00
and fruit Q2 239 0.82 (0.69-0.98) 0.86 (0.72-1.02) 16 0.62 (0.32-1.18) 0.61 (0.32-1.18)
Q3 244 0.82 (0.69-0.98) 0.89 (0.75-1.05) 10 0.25 (0.10-0.65) 0.27 (0.10-0.71)
Q4 277 0.88 (0.74-1.04) 0.99 (0.83-1.17) 8 0.41 (0.17-0.95) 0.47 (0.20-1.10)
Q5 261 0.80 (0.67-0.95) 0.93 (0.78-1.10) 13 0.57 (0.29-1.13) 0.61 (0.31-1.22)
Trend P 0.056 0.963 0.015 0.035
Green-yellow Q1 259 1.00 1.00 17 1.00 1.00
vegetables Q2 232 0.88 (0.74-1.05) 0.91 (0.77-1.09) 14 0.62 (0.29-1.32) 0.67 (0.32-1.45)
Q3 239 0.85 (0.72-1.02) 0.92 (0.77-1.10) 10 0.69 (0.32-1.48) 0.76 (0.36-1.64)
Q4 263 0.85 (0.71-1.01) 0.92 (0.77-1.10) 15 0.61 (0.29-1.28) 0.71 (0.33-1.50)
Q5 290 0.85 (0.72-1.01) 0.97 (0.82-1.15) 14 0.57 (0.27-1.18) 0.64 (0.31-1.33)
Trend P 0.071 0.799 0.206 0.326
Vegetables Q1 234 1.00 1.00 18 1.00 1.00
Q2 247 0.99 (0.83-1.18) 1.03 (0.86-1.23) 16 0.88 (0.45-1.73) 0.95 (0.48-1.86)
Q3 243 0.92 (0.77-1.11) 0.97 (0.81-1.17) 12 0.57 (0.26-1.26) 0.63 (0.29-1.40)
Q4 272 0.98 (0.82-1.17) 1.04 (0.87-1.24) 10 0.46 (0.20-1.06) 0.50 (0.22-1.17)
Q5 287 0.99 (0.83-1.18) 1.09 (0.92-1.30) 14 0.69 (0.35-1.39) 0.77 (0.39-1.56)
Trend P 0.855 0.383 0.103 0.192

tAdjusted for age, area, smoking and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.

migration and deaths not due to lung cancer were treated as
censored cases by using proportional hazards models in the
analyses of both mortality and incidence. The diagnosis of can-
cers other than malignant lung tumors was not treated as an
end of follow up. To minimize the effects of malignancy itself,
the first 3 years from baseline were excluded from the risk
period.

For inclusion in estimation of summary statistics, we con-
ducted study-specific analysis stratified by sex. Each analysis
used a proportional hazards model to estimate the hazard
ratios (HR) and their 95% confidence intervals (CI) for the
mortality or incidence of lung cancer by consumption level
of the four groups of fruit and vegetables (fruit, vegetables
and fruit, green—yellow vegetables, and vegetables). The con-
sumption was adjusted for total energy intake by the residual
method'” and was categorized into quintiles. We used sex-
specific and cohort-specific cutoff points for the quintiles
(Suppl. Table S1). The HR were computed for the second to
the highest quintiles versus the lowest. All of the studies
estimated two types of HR: age- (continuous) and area-
adjusted (within each study for JPHC-I, JPHC-II and JACC)
HR and multivariate-adjusted HR. The multivariate model
included smoking (never smokers, ex-smokers who had quit
smoking <5, 5-9, 10-14, 15-19 or 20+ years ago; current
smokers with <20, 20-39, 40-59, 60-79, 80-99 or 100+
pack-years; and unknown) and intake of total energy (contin-
uous) in addition to age and area. Pack-years in current
smokers were calculated as (daily consumption of tobacco
[number of cigarettes/day]) x (duration of smoking [years])

Cancer Sci | August 2015 | vol. 106 | no.8 | 1061

/20. We incorporated total energy intake because its inclu-
sion may reduce the random error in the effect of vegetable
/fruit intake if energy intake has an important association
with the outcome.'” We also conducted subgroup analyses
in never smokers and ever smokers (ex-smokers and current
smokers), whereby we determined sex-specific and cohort-
specific cutoff points for quintiles of vegetable and fruit
intakes separately for the two subgroups. SAS version 9.1
(SAS Institute, Cary, NC, USA) or STATA, version 10.1
(Stata Corporation, College Station, TX, USA) statistical
software was used for these estimations.

To obtain a single pooled estimate of the HR from the
individual studies for each quintile, we applied a fixed-effect
model. The pooled HR was statistically tested individually
for the second to the highest quintiles versus the lowest; the
null hypothesis was that the risk of lung cancer mortality or
incidence was not different between individuals with each of
the second to the highest quintile of vegetable/fruit intakes
and those with the lowest quintile. We did not consider pos-
sible issues of multiple comparisons, as in the previous
analysis regarding the risk of stomach cancer and consump-
tion of vegetables and fruit.!> We tested heterogeneity
among studies for each category by using Cochran’s Q statis-
tic and found no apparent indication of heterogeneity
(P > 0.05 for all categories). The dose-response relationship
was examined by models in which the lowest to the top
quintiles were scored as 0, 1, 2, 3 and 4, respectively, and
were incorporated as explanatory variables in individual stud-
ies. Resultant HR from all of the four cohorts were combined

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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using a fixed-effect model. The “metan” command (http:/
www.stata.com/stb/stb44) for STATA was used for the pres-
ent meta-analysis.

Results

With regard to lung cancer mortality, we found significant
inverse associations of consumption of fruit, vegetables and
fruit, and green—yellow vegetables with age-adjusted and
area-adjusted risk in men (Table 2). However, adjustment for
smoking and total energy intake largely weakened the associ-
ation; a significantly decreased risk was observed only in the
second and third quintiles of consumption for fruit. The low-
est summary HR was found in the third quintile (0.71; 95%
CI 0.60-0.84; P =06 x 10°°). When the study population
was stratified by smoking habits, the decreased risk associ-
ated with fruit consumption was observed only among ever
smokers (Tables 3 and 4). For female ever smokers, we
found a somewhat inverse association of consumption of
fruit, or vegetables and fruit, with a risk for mortality,
although the number of fatal lung cancer cases was small
(n =70, Table 4).

With regard to the incidence of lung cancer (Tables 5-7),
significant inverse associations between consumption of fruit
and vegetables and the multivariate-adjusted risk were only
detected in the third quintile of fruit consumption in all men
(summary HR, 0.83; 95% CI 0.70-0.98; P = 0.032; Table 5)
and male ever smokers (summary HR, 0.83; 95% CI 0.69—
0.99; Table 7), and in the third quintile of fruit and vegetable

www.wileyonlinelibrary.com/journal/cas

consumption in male never smokers (summary HR, 0.41;
95% CI 0.18-0.91; Table 6). The decrease in risk of inci-
dence of lung cancer was generally smaller compared with
that for mortality from lung cancer. In contrast, a significantly
increased risk for the incidence of lung cancer was correlated
with a higher intake of vegetables among all men and men
who were ever smokers. The summary HR for the highest
quintile was 1.26 (95% CI 1.05-1.50) for all men (Table 5)
and 1.28 (95% CI 1.06—1.54) for men who were ever smok-
ers (Table 7).

For never smokers, we also analyzed the data after combin-
ing men and women (Tables S2 and S3). The findings were
essentially similar to those of the analyses stratified by sex.

Discussion

In the present pooled analysis, we found inverse associations
between fruit consumption and the age-adjusted and area-
adjusted risk of mortality or incidence of lung cancer in men.
The risk of mortality was also negatively correlated with con-
sumption of green—yellow vegetables. However, these associa-
tions were largely attenuated after adjustment for smoking and
intake of total energy. The significant decrease in the risk of
mortality or incidence of lung cancer in men only remained
for a moderate level of fruit intake (around median intake).
This decrease in risk was mainly detected in ever smokers. In
contrast, vegetable intake was positively correlated with the
risk of incidence of lung cancer after adjustment for smoking
and energy intake.

Table 5. Summary hazard ratios for lung cancer incidence by level of consumption of vegetables and fruit

Men

Women

Number of cases

Summary hazard ratio (95% CI)

h i % Cl
Number of cases Summary hazard ratio (95% ClI)

Age and Multivariate- Age and area- Multivariate-
area-adjusted adjustedf adjusted adjustedt
Fruit Q1 301 1.00 1.00 920 1.00 1.00
Q2 254 0.83 (0.70-0.98) 0.89 (0.75-1.06) 87 0.98 (0.73-1.31) 1.02 (0.75-1.37)
Q3 233 0.75 (0.63-0.89) 0.83 (0.70-0.98) 96 1.06 (0.79-1.43) 1.13 (0.84-1.52)
Q4 248 0.76 (0.64-0.90) 0.89 (0.75-1.05) 78 0.84 (0.62-1.15) 0.89 (0.65-1.22)
Q5 264 0.77 (0.65-0.91) 0.96 (0.81-1.14) 91 0.99 (0.74-1.34) 1.04 (0.77-1.41)
Trend P 0.001 0.589 0.714 0.944
Vegetables Q1 253 1.00 1.00 86 1.00 1.00
and fruit Q2 264 1.00 (0.84-1.19) 1.07 (0.90-1.28) 92 1.07 (0.79-1.44) 1.11 (0.82-1.49)
Q3 237 0.85 (0.71-1.02) 0.95 (0.79-1.14) 80 0.90 (0.66-1.23) 0.94 (0.69-1.28)
Q4 278 0.95 (0.80-1.12) 1.12 (0.94-1.33) 92 1.01 (0.75-1.37) 1.07 (0.80-1.45)
Q5 268 0.88 (0.74-1.05) 1.07 (0.90-1.28) 92 1.00 (0.74-1.35) 1.04 (0.77-1.41)
Trend P 0.123 0.354 0.897 0.866
Green-yellow Q1 253 1.00 1.00 83 1.00 1.00
vegetables Q2 235 0.92 (0.77-1.10) 0.98 (0.82-1.18) 81 1.00 (0.74-1.37) 1.04 (0.76-1.41)
Q3 244 0.91 (0.77-1.09) 1.00 (0.84-1.19) 94 1.13 (0.84-1.52) 1.17 (0.87-1.58)
Q4 279 0.97 (0.82-1.15) 1.09 (0.92-1.29) 81 0.94 (0.69-1.28) 0.98 (0.72-1.34)
Q5 289 0.93 (0.78-1.10) 1.10 (0.93-1.31) 103 1.15 (0.85-1.54) 1.20 (0.89-1.61)
Trend P 0.645 0.122 0.497 0.323
Vegetables Q1 221 1.00 1.00 74 1.00 1.00
Q2 243 1.07 (0.89-1.29) 1.14 (0.95-1.37) 109 1.46 (1.09-1.97) 1.50 (1.12-2.02)
Q3 275 1.13 (0.95-1.35) 1.21 (1.01-1.45) 77 1.00 (0.72-1.38) 1.03 (0.75-1.42)
Q4 266 1.05 (0.88-1.26) 1.14 (0.95-1.37) 83 1.04 (0.75-1.42) 1.07 (0.78-1.47)
Q5 295 1.11 (0.93-1.33) 1.26 (1.05-1.50) 99 1.19 (0.88-1.61) 1.22 (0.90-1.65)
Trend P 0.335 0.024 0.941 0.955

tAdjusted for age, area, smoking and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 6. Summary hazard ratios for lung cancer incidence by level of consumption of vegetables and fruit among never smokers

Men

Number of cases

Summary hazard ratio (95% Cl)

Number of cases

Women

Summary hazard ratio (95% Cl)

Age and Multivariate- Age and area- Multivariate-
area-adjusted adjustedf adjusted adjustedf
Fruit Q1 21 1.00 1.00 69 1.00 1.00
Q2 14 0.86 (0.42-1.77)  0.80 (0.39-1.65) 61 0.86 (0.60-1.22)  0.86 (0.60-1.22)
Q3 17 0.79 (0.37-1.66)  0.78 (0.37-1.65) 78 1.09 (0.78-1.52)  1.09 (0.78-1.53)
Q4 19 0.64 (0.30-1.35)  0.66 (0.31-1.40) 67 0.91 (0.64-1.29)  0.90 (0.64-1.28)
Q5 15 0.73 (0.35-1.51)  0.69 (0.33-1.44) 74 1.03 (0.73-1.44)  1.02 (0.73-1.44)
Trend P 0.720 0.692 0.559 0.600
Vegetables and fruit Q1 22 1.00 1.00 59 1.00 1.00
Q2 16 0.68 (0.34-1.37)  0.72 (0.36-1.46) 76 1.21 (0.85-1.72)  1.21 (0.85-1.72)
Q3 11 0.39 (0.18-0.87)  0.41 (0.18-0.91) 62 1.10 (0.77-1.57)  1.10 (0.77-1.57)
Q4 19 0.57 (0.28-1.20)  0.59 (0.28-1.24) 76 1.20 (0.84-1.70)  1.19 (0.84-1.69)
Q5 18 0.67 (0.34-1.30)  0.67 (0.34-1.30) 76 1.19 (0.84-1.69)  1.19 (0.84-1.68)
Trend P 0.575 0.523 0.404 0.430
Green-yellow vegetables Q1 12 1.00 1.00 57 1.00 1.00
Q2 21 1.74 (0.80-3.81)  1.85 (0.84-4.06) 74 1.20 (0.84-1.72)  1.21 (0.85-1.73)
Q3 14 1.19 (0.51-2.79)  1.29 (0.55-3.02) 73 1.31 (0.92-1.85)  1.30 (0.92-1.84)
Q4 18 1.40 (0.61-3.21)  1.53 (0.66-3.52) 59 0.97 (0.67-1.41)  0.98 (0.68-1.42)
Q5 21 1.57 (0.74-3.33) 1.62 (0.76-3.44) 86 1.33 (0.95-1.88)  1.34 (0.95-1.88)
Trend P 0.646 0.606 0.275 0.273
Vegetables Q1 17 1.00 1.00 54 1.00 1.00
Q2 15 0.74 (0.32-1.73)  0.80 (0.34-1.87) 86 1.64 (1.16-2.32) 1.64 (1.16-2.32)
Q3 18 1.05 (0.53-2.07)  1.12 (0.56-2.20) 60 1.10 (0.76-1.61)  1.11 (0.76-1.61)
Q4 16 0.66 (0.31-1.42)  0.69 (0.32-1.49) 70 1.20 (0.84-1.73)  1.20 (0.84-1.73)
Q5 20 0.97 (0.49-1.90)  0.96 (0.49-1.89) 79 1.35 (0.94-1.92)  1.34 (0.94-1.91)
Trend P 0.985 0.911 0.692 0.719

tAdjusted for age, area and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.

The present finding that the potential protective effect on
lung cancer is more evident for fruit consumption than for
vegetable intake is in line with that of the international review
by the World Cancer Research Fund and the American Insti-
tute for Cancer Research,”® and that of the review for the Jap-
anese population by our research group.”” However, the
inverse association of fruit consumption with the risk of mor-
tality or incidence of lung cancer was less clear in the present
pooled analysis compared with the previous review by our
group. The trend in risk with increasing fruit intake was not
statistically significant in the current study, while the summary
relative risk per serving per day of fruit consumption was sig-
nificantly smaller than unity (0.92; 95% CI 0.84-1.00) in the
systematic review for Japanese people.”

Residual confounding effects attributable to smoking might have
resulted in overestimation of the decrease in risk of mortality or
incidence of lung cancer in our previous review. Strata broader than
used in the present pooled analysis were used to adjust for smoking
habits in several previous studies, as we pointed out in that
review.”” In the current study, consideration of smoking as a con-
founding factor greatly attenuated the apparent correlation of con-
sumption of fruit and green—yellow vegetables with the decrease
in risk, which suggests substantial residual confounding in some
previous studies. In addition, because the lowest HR was found
in the third quintile of fruit consumption in our study, some of
the participants would have consumed more fruit than the optimal
level to prevent lung cancer.

The evidence for a reduction in risk associated with con-
sumption of vegetables and fruit has often been derived from
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case-control studies."">® However, these studies might have
overestimated the reduction compared with cohort studies,
which has been suggested in international reviews.!? This
overestimation could be ascribable to recall bias in the assess-
ment of dietary intake.

Because the present study was conducted among Japanese,
consumption levels and types of vegetables and fruit, as well
as biological characteristics of lung cancer, may differ from
those in other populations. Matsuo er al.?” showed that the
risk of lung cancer in individuals without epidermal growth
factor receptor mutation was more inversely correlated with
the intake of green—yellow vegetables and fruit compared with
persons with this mutation. Because epidermal growth factor
receptor mutation is more frequently found in lung cancer
among East Asians, including Japanese,*'*? than in Western
populations, protective effects of green—yellow vegetables and
fruit, if any, might be smaller in Japan.

In our study, the significantly lower summary HR in relation to
moderate fruit consumption was found only in men. This finding
may be explained by the higher proportion of ever smokers in
men than in women (78 versus 8% in the analysis for mortality
and incidence) because such a decrease in risk was only found in
ever smokers. This result may be in line with those of case-control
studies reviewed by the TARC." In addition, a reduction in risk
of death from lung cancer, which was associated with higher con-
centrations of serum carotenoids, was stronger in current smokers
than in never or former smokers in a cohort study.>

Surprisingly, we found an upward trend in the risk of inci-
dence of lung cancer with an increasing intake of vegetables.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Table 7. Summary hazard ratios for lung cancer incidence by level of consumption of vegetables and fruit among ever smokers

Men

Women

Number of cases

Summary hazard ratio (95% Cl)

1 0,
Number of cases Summary hazard ratio (95% Cl)

Age and Multivariate- Age and area- Multivariate-
area-adjusted adjustedt adjusted adjustedf
Fruit Q1 265 1.00 1.00 10 1.00 1.00
Q2 232 0.86 (0.72-1.02) 0.90 (0.76-1.08) 21 2.00 (1.02-3.90) 2.06 (1.05-4.04)
Q3 219 0.77 (0.64-0.92) 0.83 (0.69-0.99) 8 1.31 (0.55-3.14) 1.37 (0.57-3.28)
Q4 224 0.81 (0.68-0.97) 0.90 (0.76-1.08) 14 1.01 (0.41-2.52) 1.05 (0.42-2.64)
Q5 256 0.83 (0.70-0.99) 0.97 (0.81-1.16) 8 0.81 (0.31-2.08) 0.79 (0.30-2.06)
Trend P 0.028 0.648 0.420 0.464
Vegetables Q1 223 1.00 1.00 15 1.00 1.00
and fruit Q2 236 1.01 (0.84-1.21) 1.05 (0.88-1.26) 16 0.92 (0.46-1.86) 0.93 (0.46-1.88)
Q3 222 0.91 (0.75-1.09) 0.97 (0.81-1.17) 8 0.46 (0.18-1.21) 0.47 (0.18-1.24)
Q4 261 1.02 (0.85-1.22) 1.13 (0.95-1.36) 14 1.12 (0.54-2.36) 1.24 (0.59-2.63)
Q5 254 0.95 (0.79-1.13) 1.08 (0.90-1.30) 8 0.54 (0.23-1.26) 0.56 (0.24-1.30)
Trend P 0.602 0.282 0.149 0.201
Green-yellow Q1 233 1.00 1.00 13 1.00 1.00
vegetables Q2 209 0.89 (0.74-1.07) 0.93 (0.77-1.12) 12 0.75 (0.32-1.73) 0.79 (0.34-1.83)
Q3 215 0.90 (0.75-1.08) 0.96 (0.80-1.16) 9 1.15 (0.45-2.95) 1.20 (0.46-3.08)
Q4 268 0.99 (0.83-1.19) 1.07 (0.90-1.28) 15 1.08 (0.51-2.28) 1.14 (0.53-2.41)
Q5 271 0.94 (0.78-1.12) 1.06 (0.89-1.27) 12 0.75 (0.33-1.70) 0.78 (0.34-1.78)
Trend P 0.927 0.209 0.658 0.702
Vegetables Q1 195 1.00 1.00 14 1.00 1.00
Q2 235 1.14 (0.94-1.37) 1.18 (0.98-1.43) 16 1.16 (0.57-2.37) 1.22 (0.60-2.49)
Q3 247 1.15 (0.95-1.38) 1.20 (0.99-1.45) 10 0.75 (0.32-1.78) 0.76 (0.32-1.82)
Q4 244 1.10 (0.91-1.32) 1.15 (0.96-1.39) 9 0.90 (0.36-2.26) 0.95 (0.38-2.39)
Q5 275 1.18 (0.98-1.41) 1.28 (1.06-1.54) 12 0.82 (0.38-1.75) 0.86 (0.40-1.85)
Trend P 0.229 0.039 0.242 0.285

tAdjusted for age, area, smoking and intake of total energy. Cl, confidence interval; Q1-Q5, quintiles 1-5.

This finding may have been the result of chance, as a similar
association was not detected for mortality from lung cancer.
Nevertheless, unknown confounding factors that are correlated
with vegetable consumption cannot be ruled out. A possible
reason to explain the positive correlation of intake of vegeta-
bles with the incidence of lung cancer may be that latent lung
cancers are detected among participants in screening, and their
incidence is seemingly increased among them. This might
result in a positive correlation between vegetable intake and
the incidence of lung cancer because participants in cancer
screening programs are generally health-conscious and likely
to consume more vegetables.**

The strengths of the current study include its prospective
design, population-based settings, long follow up, and adjust-
ments with detailed strata for smoking, which is the strongest
confounder next to age. The pooling of data from cohort stud-
ies enabled us to determine the risk of lung cancer associated
with consumption of vegetables and fruit in a large sample
size using common statistical procedures.

Some methodological limitations of our study warrant dis-
cussion. First, although the FFQ used in each cohort was vali-
dated by referring to DR, the number of vegetables or fruits
was relatively small in most cases to cover their consumption.
Generally, the assessment of vegetable consumption with an
FFQ will be difficult compared with fruit intake, ) as was the
case in the present study. The association of vegetable con-
sumption with the risk of lung cancer might have been attenu-
ated because of error in the estimate of intake.® Second, we

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

did not examine the risk by histological type because this
information was not available for a considerable proportion of
lung cancer cases, particularly in the JACC Study, and the
pooled data by histological classification from the JPHC-I and
JPHC-II had already been published.""* Third, the follow up
was continued after the diagnosis of cancers other than malig-
nant lung tumors, so that some cases of metastatic tumors in
the lung might have been erroneously included as incident
cases of lung cancer. In addition, we did not consider possible
issues of multiple comparisons. Although this may be a routine
procedure in the analysis of dose-response relationships,"”
some of the marginally significant summary HR should be
interpreted with caution. Finally, dietary intake was assessed
only once at baseline.

In conclusion, a moderate level of fruit consumption is asso-
ciated with a decreased risk of lung cancer in men in the Japa-
nese population, particularly in ever smokers.
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