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Serum levels of S-carotene among 147 healthy male inhabitants were measured twice with an interval
of one year in order to determine the relationship between changes in serum S-carotene levels and
changes in the dietary intake of green-yellow vegetables. A positive association was found to exist
between changes in the intake frequency of green-yellow vegetables and changes in serum S-carotene
levels, whereas changes in alcohol intake and smoking were discovered to be negatively associated
with changes in serum S-carotene levels. The positive association bhetween changes in the intake
frequency of green-yellow vegetables and changes in serum S-carotene levels was preserved after

adjustment for these negative factors.
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A great deal of interest has been expressed in the
relationship between S-carotene and cancer. It has been
suggested that carotene has a chemopreventive potential
with respect to cancer. Case-control studies of lung
cancer,” prostate cancer”? and laryngeal cancer” have
shown increased risks of these cancers in people with
lower dietary intake of carotene. A few epidemiological
studies based on collected blood samples have shown
lower levels of B-carotene to be positively associated with
lung cancer,™® and a large-scale cohort study conducted
in Japan showed lower risks of death due to lung and
stomach cancers among those who ate green-yellow veg-
etables every day than among those who did not.”

There have been a number of reports concerning the
relationship between serum levels of S-carotene and both
amounts of dietary S-carotene and the intake of green-
yellow vegetables.* ' As a result of these preclinical and
epidemiological studies, numerous clinical trials of 3-
carotene in various dosages have been begun in order to
test its power as a preventative of carcinogenesis. The
administration of 15 to 30 mg of S-carotene per day has
been shown to result in a significant increase in plasma
carotene' and plasma S-carotene' '™ concentrations.

However, there have been very few studies of the
association between changes in lifestyle habits, including
dietary habits, and changes in S-carotene levels. The
purpose of the present study is therefore to clarify the
relationship between changes in the intake frequency of
green-yellow vegetables and changes of serum S-carotene
concentration.
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MATERIALS AND METHODS

Subject The subjects in this study were inhabitants of
Yakumo, a rural area located on the Pacific coast of
southern Hokkaido. The population of Yakumo is about
20,000 people, and the area’s main industries are agricul-
ture, dairy farming and fishing. A general health screen-
ing program is conducted in the area every August, and
the subjects of this study were males who had
participated in the program twice successively during the
years 1986 and 1987, or 1987 and 1988. As for the
individuals who tock part in the program three times
successively, the data in 1988 were not used in the
analysis. Twenty-five participants afflicted with liver dys-
function (indicated by serum GOT or GPT greater than
or equal to 30) were excluded from this study. A total of
147 adult males aged between 40 and 79 years were thus
chosen as the subjects of this study.

Serum S-carotene concentration Blood specimens were
taken from the subjects after fasting (before breakfast or
at least five hours after breakfast). The serum was imme-
diately preserved at a temperature of —80°C. Samples of
this serum were prepared for high-performance liquid
chromatography (HPLC), and concentrations of j3-
carotene were measured using a modification of Miller
and Yang’s method.'” Measurements for all of the spec-
imens were performed by two chemists in one laboratory
within a six-month period.

Changes in intake frequency of green-yellow vegetables
and other epidemiological characteristics The subjects
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were interviewed by trained public health nurses at the
time of the program each year. Subjects covered by the
questionnaire used in the interview included dietary
habits, especially regarding the intake frequency of
green-yellow vegetables {measured as average times per
week), as well as alcohol drinking and smoking habits.

The subjects were scored each year according to their
frequency of green-yellow vegetable intake. Subjects who
ate green-yellow vegetables less than once per week were
given a score of 1; those who ate green-yellow vegetables
once or twice per week were assigned a score of 2; those
who ate green-yellow vegetables three or four times each
week were assigned a score of 3; and those whose green-
vellow vegetables intake consumption amounted to five
or more times per week were given a score of 4. Then the
subjects were divided among three categories according
to the changes in their scores over the year for which they
were studied. Those whose scores increased by two or
three points will be referred to as ‘increased remarkably’;
those whose scores decreased by one to three points will
be referred to as ‘decreased’; and all other subjects will be
referred to as ‘unchanged or slightly increased.’

The subjects were also assigned to one of three
categories reflecting changes in their intake of alcohol
over the period of the study. The categories were: those
who ‘started’ drinking, those who ‘quitted’ drinking, and
those whose drinking habits remained ‘unchanged,’ that
is, those who remained drinkers and non-drinkers
throughout the period. They were similarly divided be-
tween three categories reflecting their smoking habits:
they were described as having ‘started’ or ‘quitted’ smok-
ing, while the ‘unchanged’ group included both those
who were smokers and those who were non-smokers
throughout the study period.

Statistical analysis The mean values and standard devi-
ations for changes in serum S-carotene over the period of
one year were calculated for each category. The differ-
ence between the mean value for each category was
tested using Student’s ¢ test. The relationship between
changes in S-carotene concentration and the changes in
lifestyle mentioned above — changes in green-yellow
vegetable intake, drinking and smoking habits — were
evaluated and multivariate regression analysis was
performed, using the SAS general linear model (GLM)
procedure'® to compensate for the mutual effect of these
factors upon each other. Mean changes after adjustment
(Y) could be calculated by using the following formula;

Y=g+ b;xl =+ bzxz + b3X3 -} b.;x4 + b5x5 + b6x6+ b;lx']
+ byxg + byxs.
a: Intercept. b: Regression coefficient.
x;: Category. If true x;=1, if false x,—0.

Means adjusted for mutual factors were also computed
by each category.
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RESULTS

Table I shows the age distribution of the subjects of the
study compared with that of the general male population
of Yakumo aged 40 and older. The ages of the subjects
ranged between 40 and 79 years, with a mean age (stan-
dard deviation) of 59.1 (9.0) years. The mean age (8D of
the general male population was 55.8 (10.6) vears. The
number of subjects between 40 and 49 years of age was
proportionally smaller than the general male population,
while the number of subjects between 60 and 69 years of
age was proportionally greater. Of the subjects, 12.2%
and 15.6% were engaged in agriculture and fishing, while
13.2% and 17.8% of male adults of this town were
engaged in them.

The mean (SD) levels of serum S-carotene were 31.9
(21.6) pg/dl before and 33.0 (19.8) ug/dl after the
one-year study period. As the difference between these
mean levels was only 1.1 (18.4) pg/dl, the change was
not significant,

The frequency distribution of the change in the serum
B-carotene levels is depicted in Fig. 1. The distribution
was nearly symmetrical. The levels of 83 individuals (or
56.5% of the study group) showed changes of less than
10 ng/dl in either direction. The levels of 21 individuals

Table I. Age Distribution of Male Subjects (at Time of First
Interview)} and of Yakumo (1988)
Age Number (%)
(years) Subjects Yakumo all
40-49 27 (18.4) 1252 (32.5)
50-59 44 (299 1159 (30.0)
60-69 6l (41.5) 885 (22.9)
70-79 15 (10.2) 561 (14.5)
Total 147 (100.0) 3857 (100.0)
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Fig. 1. Distribution of the changes in levels of serum
[-carotene,



(14.29%) increased by more than 20 gg/dl, and those of
11 (7.5%) individuals decreased by more than 20 ug/dl

Table II details the changes in dietary intake of green-
yellow vegetables. The subjects were divided among the

Table II.  Intake Frequency of Green-Yellow Vegetables at
Time of Firtst and Second Interviews and Change in the
Frequency

Number (%)
Second interview

Intake frequency of
green-yellow vegetables

First interview

Less than 1/week 17 {11.6) 14 (9.5)
1-2/week 43 (29.3) 22 (15.0)
3-4/week 20 (13.6) 36 (24.5) .
5—/week 67 (45.6) 75 (51.0)

Change in intake frequency of green-yellow vegetables

Increased remarkably 20 (13.6)
Unchanged or slightly increased 97 {66.0)
Decreased 30 (20.4)

Table III.  Drinking Habits at Time of First and Second Inter-

views

Serum SB-Carotene and Vegetable Intake

three categories mentioned previously. The green-yellow
vegetables intake of 20 individuals (or 13.6% of the
study group) was determined to have ‘increased
remarkably’ during the pericd, while that of 30 individu-
als (20.4%) was judged to have ‘decreased,” and that of
the remaining 97 (66.0%) was ‘unchanged or slightly
increased.’

Table II1 shows changes in alcohol drinking habits
during the period of the study. The proportion of alcohol
drinkers did not change significantly during the period:
while 72.3% drank at the time of the first interview, this
figure rose slightly, to 76.49%, at the time of second
interview. With respect to changes in drinking habits, a
total of 13 individuals (or 8.8% of the study) started
drinking; 6 individuals (4.1%%) quit drinking; and the
drinking habits of the remaining 128 individuals (87.1%)
were unchanged. This last category included 100 drinkers
(68.0%) and 28 non-drinkers (19.0%).

Table IV shows changes in smoking habits during the
interval between the first and second interviews. The
proportion of smokers also did not change significantly

Table IV. Smoking Habits at Time of First and Second Inter-
views

Second interview

Drinker Non-drinker Total
First interview
Drinker 100 (68.1) 6 (41) 106 (72.1)
Non-drinker 13 (8.8) 28 (19.1) 41 (27.9)
Total 113 (76.9) 34 (23.1) 147 (100.0)

Number (%)

Second interview

Smoker Non-smoker Total
First interview
Smoker 61 (41.5) 3 2.0 64 (43.5)
Non-smoker 4 2.7 79 (53.7) 83 (56.5)
Total 65 (44.2) 82 (55.8) 147 (100.0)

Number (%)

Table V. Changes in Serum jS-Carotene Concentration (ug/dl) According to Changes in Intake of
Green-Yellow Vegetables and in Drinking and Smoking Habits

Category Mean (SD)

Change in intake frequency of GYV
Decreased —5.3 (19.9) } NS
Unchanged or slightly increased 2.1 (19.4) l } * %k
Increased remarkably 11.2 (24.4) *

Change in drinking habit
Quitted 14.6 (21.0)
Unchanged 1.7 (16.1) boNS } %k
Started _111 304y 1 *

Change in smoking habit
Quitted 11.2 (22.1) S
Unchanged 16 (17.1) boN JEE
Started e

SD, Standard deviation; GYV, green-yellow vegetables; NS, not significant; %, P<0.05; *3%, P<0.01.
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during the study period: it rose only very slightly, from
43.2% to 43.9%, during that time. A total of 4 individ-
vals (or 2.7% of the study group) started smoking; 3
individuals (2.0%) quit smoking; and the smoking habits
of the remaining 140 individuals (95.2%) did not
change. The group of those whose smoking habits were
unchanged included 61 smokers (41.5%) and 79 non-
smokers (53.7%). Only two of the subjects changed both
habits of drinking and smoking, one quit and the other
started. As for those who ‘started,” most of them had
answered that they had quitted drinking/smoking at the
first interview. The numbers of cases newly ‘started’ were
small (drinking; one case, smoking; four cases).

Table V shows an analysis of the mean change in
serum concentrations of S-carotene according to changes
in intake frequency of green-yellow vegetables. The levels
of serum S-carotene increased by 11.2 ug/dl among those
subjects whose intake of green-yellow vegetables had
‘increased remarkably’; they rose only 2.1 ¢g/dl among
those subjects whose intake was ‘unchanged or slightly
increased’; and they decreased by 5.3 yg/dl among those
whose intake of green-yellow vegetables ‘decreased.’ The
differences of changes in serum S-carotene levels between
‘increased remarkably’ and ‘decreased,’” and between ‘in-
creased remarkably” and ‘unchanged or slightly increased’
were statistically significant (P=0.001 and 0.021 respec-
tively). Changes in the intake frequency of other foods
such as seaweed, oranges and other fruits had no sig-
nificant effect on the concentration of serum S-carotene.

Table V also shows changes in serum S-carotene con-
centrations analyzed according to changes in drinking
and smoking habits. The level for those who started

TFable VL

drinking decreased by 11.1 pg/dl; that for those of the
‘unchanged’ group increased by 1.7 ug/dl; and the level
of the group who quit drinking increased by 14.6 pg/dl.
These differences of changes in serum g-carotene levels
between ‘started” and ‘quitted,’ and between ‘started’ and
‘unchanged’ were statistically significant (P=0.004 and
0.015 respectively).

As for the analysis according to changes in smoking
habit, the level of the ‘started’ group decreased by 27.5
££g/dl; that of the “unchanged’ group increased by 1.6 12/
dl; and that of the ‘quitted’ group increased by 11.2 reg/
dl. These differences of changes in serum S-carotene
levels between ‘started’ and ‘quitted,” and between
‘started’ and ‘unchanged’ were also statistically signifi-
cant (P=0.005 and 0.001 respectively).

As for the effects of drinking and smoking habits on
B-carotene levels, it should be noted that the ‘unchanged’
group in both cases contained subgroups of consumers
and abstainers of these substances. However, as the
difference between the changes in the S-carotene levels of
drinkers (who showed an increase 0.8 ug/dl) as opposed
to nen-drinkers (an increase of 4.8 ug/dl) was not sig-
nificant, it was determined that these subgroups could be
grouped together for the purpose of comparison with the
other two groups. Likewise, the difference between
changes in the S-carotene levels of smokers {who showed
a decrease of (.1 yg/dl) as opposed to non-smokers (an
increase of 4.4 pg/dl} was not significant, so these two
subgroups were grouped together for comparison with
the other groups.

The contribution of these factors to changes in serum
f-carotene levels was evaluated using a linear regression

Result of Multivariate Analysis of Changes in Serum 3-Carotene Level (ug/dl), Intake

Frequency of Green-Yellow Vegetables, and Drinking and Smoking Habits

Regression coefficient; &

Adjusted mean

Category (SE) (SE)

Change in intake frequency of GYV

xy Decreased 0 —92 (5.4} } NS

x; Unchanged or slightly increased 42 (3.7) —30 (5.0} } * %

x, Increased remarkably 147 (5.1) 5.4 (6.0} } *
Change in drinking habit

%, Quitted 0 7.3 (7.8) 1 NS

x; Unchanged —9.0 (7.4) —1.6 (47) b

% Started —219 (8.7) 145 (64) 1 ¥
Change in smoking habit

x; Quitted 0 9.0 (10.2) 1 NS

xs Unchanged —6.4 (10.3) 26 (3.0) b

x, Started —29.3 (13.6) —203 o1y | ¥
Intercept 12.9 (11.6)

R square 0.172

SE, Standard error; GYV, green-vellow vegetables; NS, not significant; %, P<0.05; #%, P<0.01.
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moedel which took into account changes in the intake
frequency of green-yellow vegetables and changes in
drinking and smoking habits. Other variables such as age,
body mass index and changes in intake frequency of
other foods were not taken into account in the model,
because they did not have any appreciable effect on the
changes in S-carotene levels.

Table VI shows the result of regression analysis. The
P-value of this model was 0.0002. Adjusted means and
standard errors were also calculated. The P-value for the
parameter of changes in intake frequency of green-yellow
vegetables was 0.0147, and it indicates that the serum
B-carotene concentration changed positively with
changes in the intake of green-yellow vegetables after
adjustment for changes in alcohol drinking and smoking
habits. The change in the serum S-carotene concentration
was estimated to be 14.7 ug/dl lower in those whose
green-yellow vegetable intake frequency ‘decreased’ than
in individuals whose intake frequency ‘increased remark-
ably,” and 4.2 yg/dl lower than those whose intake fre-
quency was ‘anchanged or slightly increased.” Adjusted
means are also shown in Table VI. There was a 5.0 yg/dl
decrease in those whose intake frequency of green-yellow
vegetables was ‘unchanged or slightly increased,” and in
the ‘increased remarkably’ category, the concentration of
serum S-carotene increased by 5.4 yg/dl after adjustment
for changes in habits of alcohol drinking and smoking.
The differences remained significant after adjustment.

The groups of those who started drinking and those
whose drinking habits were unchanged during the study
period decreased their serum S-carotene concentrations
after adjustment compared with those who quit (21.9
g/dl and 9.0 pg/dl respectively, P—0.0164). The ad-
justed means were 7.3 png/dl in ‘quitted’ category, — 1.6
#g/dl in ‘unchanged’ and —14.5 yg/dl in ‘started’ cate-
gory. The differences remained significant after adjust-
ment. In a like fashion, the group of those who started
smoking and those whose smoking habits remained un-
changed during the year decreased their serum j3-
carotene concentration levels after adjustment compared
with those who quit smoking (21.9 pg/dl and 6.4 pg/dl
respectively, P=0.0345). The adjusted means were 9.0
ng/dlin ‘quitted’ category, 2.6 £#2g/dl in ‘unchanged’ and
—20.3 ng/dl in the ‘started’ category. The differences
remained significant after adjustment.

DISCUSSION

The subjects in this study were diagnosed as having
normal health by the health screening program
mentioned previously; however, they do not represent a
random sample of the general population of the area. The
proportion of subjects between 40 and 49 years of age
was smaller and that of subjects between 60 and 69 years

Serum S3-Carotene and Vegetable Intake

of age was larger than those of the general male popula-
tion of Yakumo. The distribution of the subjects by
residential area, however, was similar to that of the
general population of the town; furthermore they were
not clustered in specific occupational groups. Foed intake
pattern of the subjects was similar to that of the partici-
pants in the program. The percentages of smokers and
drinkers among the subjects were about the same as those
for all the participants in the program. Therefore, the
subjects studied in this series were not considered much
biased in the analyses above, though the number of
examinees was small.

The same questionnaire was used throughout the pres-
ent study, and the interviews were conducted by the same
five trained public health nurses. At the time of the
second interview, neither the subjects nor the interview-
ers were informed of the nature of the responses during
the first interview.

Blood samples were collected in August each year,
and the concentrations of S-carotene were measured by
the same chemists using the same method within a six-
month period thereafter. Tt was confirmed by one of the
authors that serum S-carotene levels of the sampled sera
remained stable after storage at —80°C during six
months.'” The laboratory’s coefficient of variation for
B-carotene was 4.3%; therefore, technical errors in mea-
suring serum S-carotene were rather small.

It is obvious that dietary frequency data cannot re-
place quantitative data in the estimation of the exact
intake of individual subjects. However, quantitative die-
tary methods require more time and cost for data collec-
tion in large-scale epidemiological research projects. Ac-
cordingly, the food frequency method was used in the
current study. The intake frequency of foods containing
carotene does have a positive association with the con-
centration of serum j3-carotene.® '*'¥

As the main concern of this study was S8-carotene,
which is considered to play a major role in carcino-
genesis, we did not examine other carotenoids in detail.
Changes in green-yellow vegetables correlated weakly
with changes in serum levels of lycopene, but not with
those of a-carotene.

In the present study, changes in serum S-carotene
concentrations have been correlated positively with
changes in the intake of green-yellow vegetables. The
difference between changes in the serum levels of the
group of those whose green-yellow vegetables intake
frequency ‘increased remarkably’ and those whose intake
frequency ‘decreased’ was 14.7 pg/dl after adjustment
for changes in alcohol and smoking habits. This result
suggests that an increase in serum S-carotene is due to an
increased intake frequency of green-yellow vegetables.
This study has thus shown a negative correlation between
changes in alcohol drinking and smoking habits and
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changes in serum S-carotene levels, Many previous cross-
sectional reports have shown evidence of association
between both the habitual consumption of alcohol™''®
and smoking,” ™" and relatively lower levels of serum
[B-carotene.

This study was not an interventional but an ob-
servational study, a so-called natural experiment. Tt is
true that the number of subjects whose lifestyles changed
was not large. The number of individuals who changed
both drinking and smoking habits was particularly small,
so it was impossible to analyze the interaction of the
changes in the habits.

The amount of the changes in serum S-carotene con-
centrations explained by multiple regression analysis was
17.2% of the whole. Several factors might be considered
in these associations. First, the data on dietary frequency
obtained by the questionnaire in this study did not com-
pletely indicate the change in actual amount of green-
yellow vegetables consumed. The influence of the amount
of changes in alcohol and cigarette consumption, like-
wise, could not precisely be measured in this study. Other
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