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Change in Food Intake Frequency at Five Years after Baseline in the JACC Study

BACKGROUND: In a cohort study, information on an individual is taken at baseline, after which it usu-
ally remains fixed. There is some risk that this will lead to misclassification and cause weakened or
biased results. To prevent such distortion, following up of exposure is important, although it is still
scarce in practice.
METHODS: In the Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) spon-
sored by Monbusho (Ministry of Education, Science, Sports and Culture of Japan), 37,838 (14,531
males and 23,307 females) subjects out of a cohort of 127,477 inhabitants answered an interim ques-
tionnaire on food intake frequency consisting of 33 items about five years after registration. The long-
term reproducibility was assessed using Spearman's correlation coefficients and agreement. From data
at two time points, longitudinal change, age effect, and secular trend were examined. Subjective
changes in these items at the time of the interim survey were also compared to longitudinal changes.
RESULTS: Spearman's correlation coefficients varied from 0.27 (fruit juice in males) to 0.55 (beef in
females and milk in males), and agreement from 29.9% (fruit juice in males) to 61.4% (liver in females).
Correlation was relatively stronger in meat and dairy products and weaker in vegetables and fruits. In
both males and females, most increased food item was edible wild plants followed by confectioneries
(males) and yogurt (females).
CONCLUSION: Over five years, food intake was considerably changed. These interim data could be
used for a long-term follow-up study to prevent the results becoming weakened or biased.
J Epidemiol 2005;15:S48-S55.
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For a self-administered food frequency questionnaire, short-term
reproducibility needs to be validated to prevent misclassification
of true food intake.1 However, long-term reproducibility is
decreased not only by low reproducibility in the short term but
also by real intake changes over time.2 In a cohort study, informa-
tion on an individual is taken at baseline and then usually remains
fixed. However, if exposure changes over time, misclassification
occurs which might cause weakened or biased results.3, 4 To pre-
vent such distortion, following up of food intake over the long
term is important, although in practice this is still scarce.5-7 In the

Japan Collaborative Cohort Study for Evaluation of Cancer Risk
(JACC Study) sponsored by Monbusho (Ministry of Education,
Science, Sports and Culture of Japan), an interim survey was
designed to examine the changes in lifestyles. In this paper, the
authors discuss long-term reproducibility and change in intake
frequency of 33 food items over five years.

METHODS

JACC Study is a large-scale multi-center cohort study, which
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five were used to evaluate the individual's food intake frequency,
and the long-term reproducibility was assessed using Spearman's
correlation coefficients and agreement (exact agreement and
agreement allowing one category difference). Longitudinal
change in intake frequency of food items was measured by the
difference in scores on the two questionnaires.

In order to observe the difference in the change in food intake
frequency by age, we divided the subjects into eight age specific
sub-cohorts (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, and
75-79 years old). The variation of two scores for food intake fre-
quency over five years consists of two parts: age effect and secu-
lar trend. We assumed the difference from a sub-cohort to one
rank older at baseline as the age effect for five years, and that sec-
ular trend could be calculated as the longitudinal variation sub-
tracted by the age effect. From this analysis, subjects aged 75-79
years old were excluded since there was no older age group at
baseline. Each analysis was performed by sex.

After the long-term reproducibility and variation assessment of
33 food items using Spearman's correlation coefficients, agree-
ment of the answer, longitudinal difference, age effect, and secu-
lar trend, we checked whether the results were consistent between
males and females using Spearman's correlation coefficients of
males and females for the indexes mentioned above.

In the interim questionnaire, subjective changes in intake were
also asked for the same 33 items. The scores were 1 for
'increased', 0 for 'not changed', and -1 for 'decreased'. We exam-
ined the consistency of the food frequency variations taken from
two different methods, i.e., the difference on two questionnaires
and subjective changes at the time of the interim questionnaire
using Spearman's correlation coefficients by sex. All analyses
were performed using SAS® version 8.2 (SAS Institute).

Our entire study design, which comprised singular and collec-
tive use of epidemiologic data and biological materials (serum
only), was approved in 2000 by the Ethical Board at Nagoya
University School of Medicine, where the central secretariat of
the JACC study is located.

Suzuki S, et al.

aims to clarify the etiology of cancer mortality and incidence.
Baseline information on physical status and lifestyle, as well as
medical history, family history, education, and occupation, was
gathered between 1988 and 1990 using a self-administered ques-
tionnaire. Baseline data are for 127,477 inhabitants (54,032 males
and 73,445 females) enrolled from 45 study areas throughout
Japan.9 About 5 years after the baseline survey, interim survey
about lifestyle factors was conducted. Interim survey was asked to
every participant in 18 areas. In contrast, it was asked to some of
the cohort subjects in 13 areas, where for example, only exami-
nees of basic health examinations approximately five years after
the baseline survey, conducted under the Health and Medical
Service Law for the Aged, were invited to the interim survey.10
In 14 areas interim survey was not conducted. The research was
also done by using a self-administered questionnaire, including
demographic information, past medical history, family cancer his-
tory in these 5 years, exercise/sports activities, frequency of food
intake and change of intake compared with 5 years before, smok-
ing and alcohol drinking status and so on. Out of 110,792 subjects
between 40-79 years old at the time of registration, 46,680
(42.1%) individuals answered the interim questionnaire. Table 1
shows the number and response rate by how the interim survey
was conducted. For 18 areas in which the interim questionnaire
was asked to every participant, the response rate was 78.8%,
while for the 13 area, in which it was not asked to all participants,
the response rate was only 24.1%.

Among them, 37,838 (14,531 males and 23,307 females) were
eligible subjects who answered an interim questionnaire on food
intake frequency. In some areas, several items were not included
in the questionnaire, and those areas were excluded from the
analysis by food items.

In the baseline and interim surveys, the subjects were asked
average intake frequency of the same 33 food items in a past year.
They chose one appropriate frequency among five categories, i.e.,
(1) almost none, (2) 1-2 times per month, (3) 1-2 times per week,
(4) 3-4 times per week, and (5) almost every day. Scores one to

S-49

Table 1. The number of the participants of the baseline and interim survey.
Target of interim survey Baseline survey Interim survey
All participants of the baseline survey (18 areas) 48,016 37,853 (78.8%)
Some participants of the baseline survey (13 areas) 36,460 8,797 (24.1%)
No participants (interim survey was not conducted) (14 areas) 26,316 0 (0.0%)

Total (45 areas) 110,792 46,650 (42.1%)



cakes, etc.) (73.6%, 73.5%). 
Variations over five years which could not be assessed from

Spearman's correlation coefficients or agreement were evaluated
using the difference of two scores (Table 4). The most increased
food items were edible wild plants (0.37, 0.44) and confectioner-
ies (0.37, 0.34). Intake of yogurt was increased in females (0.40)
but to a lesser extent in males (0.22). Conversely, intake frequen-
cy was decreased most for fruit juice (-0.53, -0.56) followed by
seaweeds (-0.17, -0.215). Figure 1 shows intake changes over five
years for yogurt, seaweeds, boiled beans, and confectioneries in
every five-year age group by sex.

The age effect was defined as the difference between the food
intake frequency score and the mean score of the subjects who
belong to one-rank older sub-cohort in this study. The age effect
was the largest for boiled beans (0.11 in males, 0.09 in females),
indicating that aged people consume boiled beans more often than
younger people. This was followed by confectioneries (0.09),
oranges (0.07) in males, by oranges (0.04) and spinach (0.04) in
females. In the opposite direction, age effect was the strongest for
pork (-0.06 in males, -0.12 in females) followed by ham and
sausage (-0.06 in males, -0.11 in females). Younger subjects con-
sume these items more often than aged subjects.

Secular trend was also most increased for edible wild plants
both in males and females (0.37 in males, 0.42 in females) fol-
lowed by confectioneries (0.28, 0.34), and yogurt in females
(0.40). Here again it was decreased most for fruit juice (-0.51, -
0.52) followed by seaweeds (-0.21, -0.20) and oranges (-0.15, -
0.25). The results are almost identical to those for longitudinal
differences.

The changes over five years were consistent between males and
females. Spearman's correlation coefficients of these indexes
were high; Spearman's correlation coefficient of the intake fre-
quency at the baseline and interim questionnaire (0.79), exact
agreement (0.86), agreement allowing one rank difference (0.91),
longitudinal difference (0.91), age effect (0.81), secular trend
(0.89), and subjective variation over five years (0.96) of 33 food
items.

In spite of the consistent results between males and females, the
subjective difference and longitudinal difference from the scores

Change in Food Intake Frequency

RESULTS

Table 2 shows the distribution of age and sex of the subjects. The
mean age (standard deviation) of males and females was 58.1
(9.6) and 58.0 (9.5) years old, respectively. The mean (standard
deviation) period was 4.71 (0.69) years and median was 4.83
years.

Table 3 shows the proportion of food intake frequency at the
baseline and interim surveys. Missing values were common, more
than 15%, for margarine, yogurt, butter, and cheese intake in both
surveys. In contrast, missing values were fairly few, around 5%,
for eggs, fresh fish, and tofu intake. Among the 33 items, the pro-
portion of missing values was very consistent not only between
males and females at baseline (Spearman's correlation coeffi-
cients: 0.98) and at the interim survey (0.98), but also between
baseline and interim questionnaire in both males (0.89) and
females (0.89). The occurrence of missing values strongly
depended on the items regardless of sex or time.

We summarized in table 4 the results of long-term reproducibil-
ity and variation of the food intake frequency for five years. It
contains Spearman's correlation coefficients, agreement of the
categories (exact agreement and agreement allowing one category
difference), mean scores of intake frequency, longitudinal differ-
ence, age effect, secular trend, and subjective change for 33 food
items. Spearman's correlation coefficients ranged from 0.27 and
0.55, and the median was 0.38 in males and 0.39 in females.
Correlation was highest for intake of beef (0.45 for males and
0.55 for females), milk (0.55, 0.54) and margarine (0.46, 0.54)
both in males and females. The lowest Spearman's correlation
coefficients were observed for fruit juice (0.27, 0.29) and Chinese
cabbage (0.30, 0.30) in both males and females.

Exact agreement varied 29.5-61.4% (median 40.8 in males and
42.5% in females), and was the highest for liver (56.9%, 61.4%)
and pickled vegetables (52.9%, 55.9%) in males and females.
Agreement allowing one category difference varied 64.4-92.5%
with a median of 82.9% in males and 83.8% in females. It was
also the highest for liver (91.9%, 92.5%) followed by beef
(90.5%, 91.3%). On the other hand, exact agreement was lowest
for juice (67.5%, 64.4%), followed by confectioneries (traditional,
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Table 2. Age and sex distribution of the subjects.

Age (year)
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79

Total

Males
1,569 (10.8%)
1,545 (10.6%)
1,854 (12.8%)
2,689 (18.5%)
3,164 (21.8%)
1,827 (12.6%)
1,248 (8.6%)

635 (4.4%)

14,531 

Females
2,332 (10.0%)
2,690 (11.5%)
3,276 (14.1%)
4,183 (17.9%)
4,710 (20.2%)
3,324 (14.3%)
1,795 (7.7%)

997 (4.3%)

23,307

Total
3,901 (10.3%)
4,235 (11.2%)
5,130 (13.6%)
6,872 (18.2%)
7,874 (20.8%)
5,151 (13.6%)
3,043 (8.0%)
1,632 (4.3%)

37,838
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over five years. If only agreement is high, it could be due to a
cluster of distribution. In this study, liver and pickled vegetable
are clustered in the lowest (almost none) and highest (almost
every day) category, respectively.

Spearman's correlation coefficients in the study varied from
0.27 to 0.55, and agreement from 29.9% to 61.4%. Correlation
was relatively higher for meat and dairy products and lower for
vegetables and fruits in this study. The short-term reproducibility
of the questionnaire in this study has been evaluated 11. Compared
to the correlation coefficients 0.57-0.94, and agreement 55%-80%
of questionnaires with an interval of one week, the correlations in
this study were lower. In Finland, intraclass correlation coeffi-
cient of 32 foods over 4-7 years varied 0.10-0.54 (median: 0.36),

were poorly related. Spearman's correlation coefficients were
highest for milk (0.26 for males and 0.24 for females) and yogurt
intake (0.20, 0.24), and lowest for pork (0.08, 0.09). Not only was
there a poor correlation, but the direction of mean variation of
longitudinal change and subjective change was inconsistent for 18
items for males and 17 for females among 33 items.

DISCUSSION

In the present study, long-term reproducibility of food intake fre-
quency after five years was assessed using Spearman's correlation
coefficients and agreement from basement and interim question-
naires. If both indexes are high, intake frequency is quite stable

Figure 1. Intake changes over five years of yogurt, seaweeds, boiled beans and confectioneries in age groups.
Closed circle and open circle stand for baseline and interim score, respectively.
Solid line and dotted line stand for males and females, respectively.
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and the difference evaluated.
In the interim survey, only 42.1% subjects of the baseline sur-

vey participated. However, the proportion from the 18 areas
where all participants of the baseline survey were targeted to the
interim survey was 78.8%, which can be interpreted as the
response rate. Furthermore 81.1% subjects of the interim survey
were from these areas. Thus, the problem of self-selection bias,
which violates external validity, seems not to be serious in this
study.

In conclusion, food intake was considerably changed over five
years. Interim data should be considered for long-term follow-up
study for a more valid evaluation of exposure. Subjective changes
have a weak correlation to actual changes in food intake.
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while that over 4-8 months varied 0.25-0.85.7 The median value
is quite similar to our data. The decrease is considered to be due
to a real change during the five years. Therefore, for valid evalua-
tion for exposure, additional information on food intake would be
needed over a long time course. 

Overall increase or decrease which cannot be evaluated by cor-
relation was assessed using a mean change in the score of intake
frequency, and it was tested by the paired t-test. The longitudinal
difference includes the effect of aging component, and we
assumed the aging component could be substituted by the cross-
sectional difference from one specific age sub-cohort to the one
higher by one rank (five years). Thus the secular trend score was
expressed by (longitudinal difference) - (age effect). For boiled
beans, pork, ham and sausage intake, the age effect was larger
than the secular trend. Especially, boiled bean intake was almost
fully explained by the age effect. The trends were consistent
between males and females.

The largest secular increase was observed for edible wild
plants, yogurt and confectioneries in both males and females.
Among them edible wild plants showed low correlation coeffi-
cients. Other than that, correlations were not so low, meaning that
intake was increased as a whole while maintaining the relative
order. On the other hand, fruit juice, orange and seaweed intake
was considerably decreased. Decrease of orange intake frequency
is consistent with the results from the national nutrition surveys12,13

in 1989 and 1994 (46.8g to 36.9g per day). However the intake of
seaweeds is not greatly changed (5.9g to 5.8g). Intake of fruit
juice is more inconsistent. It increased by 62% (6.6g to 10.7g) in
the national surveys in this period. This discrepancy might be due
to the difference in expression of the baseline and interim ques-
tionnaires. Only the baseline questionnaire included the comment
of 'in summer' for fruit juice. It is consumed more in the hot sea-
son, and this comment caused the answer to be biased toward a
larger score.1,5 Other than this item, seasonal effect did not distort
the change in frequency, since they were asked average intakes in
a past year, and the distributions of season of both surveys were
not different so much (data not shown).

Subjective change of food intake frequency was poorly corre-
lated to the longitudinal change of the same item. Subjectively
increased items were tofu, spinach, milk, fresh fish, cabbage and
lettuce, and seaweeds, while decreased items were pork, ham and
sausage, beef, liver, and butter. These items are recommended to
be consumed or avoided for healthy life, and responders' desire
for health might have distorted the real intake status. It also could
be due to unclear wording of questions about dietary change. The
questions did not specify whether the change was in frequency or
amount. Confusion between frequency and amount could weaken
the relationship. Or responder paid little attention to the time
frame of five years and answered changes in terms of a shorter
time frame.14 Whether the reason, the poor correlation generates
serious misclassification if the subjective change is used in the
regression analysis and might lead to biased results. To use data
on change of dietary habit, information should be obtained twice
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