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Background: Many studies show that dietary factors such as vegetables, fruit, and salt are associated with cardiovascular disease
(CVD) risk. However, a risk assessment chart for CVD mortality according to combinations of dietary factors has not been estab-
lished.

Methods and Results: Participants were 9,115 men and women aged 30-79 years enrolled in the National Nutritional Survey of
Japan in 1980 with a 29-year follow-up. Dietary intake was assessed using a 3-day weighed dietary record at baseline. Cox regres-
sion models were used to estimate the hazard ratio (HR) of CVD mortality stratified by vegetables, fruit, fish, and salt consumption.
HRs of CVD mortality according to combinations of dietary factors were color coded on an assessment chart. Higher intakes of
vegetables, fruit, and fish, and lower salt intake were associated with lower CVD mortality risk. HRs calculated from combinations of
dietary factors were displayed using 5 colors corresponding to the magnitude of the HR. People with the lowest intake of vegetables,
fruit, and fish, and higher salt intake had a HR of 2.87 compared with those with the highest intake of vegetables, fruit, and fish, and
lower salt intake.

Conclusions: Vegetables, fruit, fish, and salt intake were independently associated with CVD mortality risk. The assessment chart
generated could be used in Japan as an educational tool for CVD prevention.
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any observational studies have reported an asso-
Mciation of dietary intake with cardiovascular

disease (CVD) risk. In particular, higher con-
sumption of vegetables,!# fruit,!4 and fish, 57 and a lower
consumption of salt,31% have been shown to be associated
with lower risk of CVD in people from Asian countries,
including Japan, as well as in those from Western coun-
tries. An association between dietary patterns and CVD
risk has also been reported.!-15 Principal component anal-
ysis, used to identify dietary patterns, has revealed the

benefits of consuming several food groups for the reduc-
tion of CVD risk."-15 However, it is also important for the
clinical setting and preventive medicine to show the recom-
mended amount of each food.

Japanese people are well known to have a high salt
intake, and salt consumption is known to be an indepen-
dent risk factor for CVD.? Therefore, salt intake is an
important consideration if associations between diet and
CVD risk are to be established for Japanese people.

In the present study, we constructed a risk assessment
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Total
(n=9,115)

Age (years) 50.0+12.7
Body mass index (kg/m2) 22.7+3.2
Systolic BP (mmHg) 135.5+21.1
Diastolic BP (mmHg) 81.4+12.2
Serum total cholesterol (mmol/L) 4.9+0.9
Casual blood glucose (mmol/L) 5.6+1.7
Smoking status (n, [%])

Never 5,285 (58.0)

Former 831 (9.1)

Current 2,999 (32.9)
Drinking status (n, [%])

Never 4,803 (52.7)

Former 280 (3.1)

Current 4,032 (44.2)
Total energy (kcal/day) 2,145+489
Protein (%kcal) 15.3+2.1
Fat (%kcal) 20.8+5.5
Carbohydrate (%kcal) 61.2+6.6
Salt (g/day) 14.0+5.2
Vegetables (g/day) 277.2+110.7
Fruit (g/day) 167.1£116.6
Fish (including shellfish) (g/day) 109.2+57.5
Meat (g/day) 61.5+38.6

Table 1. Baseline Characteristics of Participants Aged 30-79 Years (NIPPON DATA80, 1980)

1255
Men Women
(n=4,002) (n=5,113)
49.9+12.6 50.2+12.7
22.5+2.9 22.9+3.4
138.2+20.6 133.6+21.2
83.7+12.3 79.6+11.8
4.8+0.8 4.9+0.9
5.6+1.8 5.5+1.6
729 (18.2) 4,556 (89.1)
721 (18.0) 110 (2.2)
2,552 (63.8) 447 (8.7)
794 (19.8) 4,009 (78.4)
203 (5.1) 77 (1.5)
3,005 (75.1) 1,027 (20.1)
2,410+476 1,937+388
15.0+2.1 15.5+2.1
19.8+5.1 21.5+5.6
59.9+6.3 62.3+6.6
15.2+5.5 13.1+4.7
287.7+113.7 268.9+107.6
140.6+96.5 187.8+126.3
125.5+64.0 96.4+48.3
71.0+41.6 54.1+£34.3

Values are meanzstandard deviation for continuous variables. BP, blood pressure.

chart for CVD mortality according to dietary intake of
important food groups and salt, using data from NIPPON
DATARO0, a study involving a 29-year follow-up in a rep-
resentative Japanese population. This assessment chart
could provide useful information for the general Japanese
population by visually indicating the risk of CVD mortal-
ity according to intake of different dietary factors.

Methods

Study Participants

NIPPON DATA (National Integrated Project for Pro-
spective Observation of Non-communicable Disease and
Its Trends in the Aged) is a series of cohort studies that are
principally based on the National Cardiovascular Survey
of Japan (NCSJ) and the National Nutrition Survey of
Japan (NNSJ). The present study analyzed data from the
NIPPON DATASO study, for which the baseline survey
was conducted in 1980.161 Briefly, 300 survey districts
throughout Japan were randomly selected, and a total of
10,546 people (4,639 men and 5,907 women, aged =30
years) agreed to participate, with a participation rate of
76.6%. We excluded 1,431 men and women from this anal-
ysis because of missing information at baseline (n=152), a
history of CVD (n=274), age >80 years (n=144), total
energy intake <500 kcal/day or >5,000 kcal/day (n=15), or
the absence of a present address, which was needed to link
the participants to their vital statistics records (n=846).
Therefore, we analyzed data for the remaining 9,115 par-
ticipants (4,002 men and 5,113 women) in the present
study.

Baseline Survey

The NCSJ and NNSJ were conducted at public health
centers in 1980. The NCSJ consisted of physical examina-
tions, blood tests, and a self-administered questionnaire
regarding lifestyle, in which participants were asked about
their drinking habit (never, former, or current drinker),
smoking habit (never, former, or current smoker), and
medical history of diabetes, myocardial infarction, angina,
or stroke. Body mass index was calculated as weight (kg)
divided by the square of height (m?). Blood pressure was
measured by a trained observer using a standard mercury
sphygmomanometer. Non-fasting blood samples were
obtained and centrifuged soon after collection. The con-
centrations of total cholesterol and glucose were measured
enzymatically. Lipid measurements were standardized
using the Center for Disease Control/National Heart,
Lung, and Blood Institute (CDC-NHLBI) Lipids Stan-
dardization Program.20

Nutritional Survey

The NNSJ in 1980 using weighed dietary records over 3
representative consecutive days, excluding weekends and
holidays, in each household. A representative person from
the household recorded all the food and beverages that any
household member consumed during the 3 days. These
dietary records were thoroughly reviewed and confirmed
by trained dietitians. The Modified Standards Tables for
Food Composition in Japan, 3rd edition, was used to cal-
culate nutritional intake. The intakes of individual house-
hold members were estimated by distributing the whole
household intake proportionally according to the sex and
age of the members, in reference to average intakes by sex
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Table 2. Multivariable-Adjusted HR for Mortality From CVD, According to the Baseline Factors of 4,002 Men
and 5,113 Women Aged 30-79 Years From a 29-Year Follow-up of NIPPON DATA80
Variables Person-years  No. of CVD deaths HR* 95% CI
Vegetable intake (g/day)
>350 46,952 245 1 (Ref.)
175-350 143,866 641 1.04 0.89-1.21
<175 32,952 184 1.28 1.04-1.58
Fruit intake (g/day)
>200 68,704 362 1 (Ref.)
100-200 86,407 378 1.04 0.90-1.21
<100 68,660 330 1.19 1.02-1.40
Fish (including shellfish) intake (g/day)
>80 147,395 694 1 (Ref.)
40-80 62,351 295 1.05 0.91-1.22
<40 14,025 81 1.39 1.10-1.77
Salt intake (g/day)
<8 men, <7 women 10,350 57 1 (Ref.)
>8 men, >7 women 213,420 1,013 1.35 1.02-1.79

*Adjusted for sex, age (<40, 40—49, 50-59, 60-69, or =70 years), smoking status (never, former, or current), drinking
status (never, former, or current), and total energy intake (per 1,000kcal/day increase). All variables were simultane-
ously included in the same model. Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratios.

and age group from NNSJ 1995.17 From 1995, information
on food sharing among household members was collected
and individual intakes were assessed. Further details on
estimation of individual intakes are described else-
where.!”2 The food groups evaluated in this study were
vegetables, fruit, fish, cereals, soy and soy products, dairy
products, and meat.

Follow-up Survey
Participants were followed for 29 years, from 1980 to 2009.
To determine the cause of death during the follow-up
period, the National Vital Statistics database of Japan was
used, with permission from the Management and Coordi-
nation Agency, Government of Japan. The underlying
cause of death was coded according to the 9th Interna-
tional Classification of Disease (ICD9) until the end of
1994, and the 10th Revision (ICD10) from the beginning
of 1995. The details of the classification are described else-
where.!®

The primary endpoint was cardiovascular death during
the 29-year follow-up period. The corresponding ICD9
and ICDI10 codes for cardiovascular disease death were
393-459 (ICDY) and 100-199 (ICD10).

Statistical Analysis

Categories for food groups and salt consumption levels
were chosen on the basis of cutoff values from several
dietary guidelines held by the Japanese government i.e.,
National Health Promotion Movement in the twenty first
century (Health Japan 21 [2nd edition]),22 Japanese Food
Guide Spinning Top,? and Dietary Reference Intakes for
Japanese in 2015.24 Vegetables intake was classified into 3
categories: (1) <175g/day, (2) 175-350g/day, (3) 2350 g/day.
Fruit intake was classified into 3 categories: (1) <100 g/day,
(2) 100-200g/day, and (3) 2200 g/day. Fish (including
shellfish) intake was also classified into 3 categories: (1)
<40g/day, (2) 40-80¢g/day, and (3) >80¢g/day. Salt intake
was classified into 2 categories: (1) <8 g/day for men or
<7 g/day for women, and (2) 28 g/day for men or >7 g/day

for women. The consumption of cereals, soy and soy prod-
ucts, dairy products, and meat (g/day) were divided into
tertiles.

Cox proportional regression models were used to esti-
mate the hazard ratio (HR) and 95% confidence interval
(CI) of CVD mortality according to food and salt intake
categories in the same model. To control for potential
confounders, multivariable models were adjusted for sex,
age, smoking status (never, former, or current), drinking
status (never, former, or current), and total energy intake
(per 1,000kcal/day increase). We did not observe the inter-
action by sex on the association between food/salt intake
and CVD mortality risk; sex was used for adjustment only.

We constructed risk assessment charts for the HRs for
CVD mortality by combining the risks of vegetables, fruit,
fish, and salt intake category, which were significantly
associated with CVD mortality risk. The HRs for combi-
nations of dietary intakes were calculated by multiplying
together the HRs for given intakes of each dietary factor
(vegetables, fruit, fish, and salt). A total of 54 patterns were
displayed using color codes on the assessment chart.

All analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA). P<0.05 was considered to be
statistically significant.

Results

Baseline Characteristics of the Study Participants

The baseline characteristics of the participants are shown
in Table 1. The mean (standard deviation [SD]) ages for
the men and women were 49.9 (12.6) and 50.2 (12.7) years,
respectively. While systolic and diastolic blood pressures
were higher in men than in women, the serum total choles-
terol level was higher in women than in men. The propor-
tion of current smokers was far greater among the men
than the women. Total energy intake (kcal/day) was higher
in men than in women. Correlation analysis of the relation-
ships among the 4 dietary factors demonstrated stronger
positive correlations (Spearman correlation coefficient >0.3)
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Figure.

Risk assessment chart for death from cardiovascular diseases according to intake of different dietary factors, calculated
using data from 4,002 men and 5,113 women aged 30-79 years from the NIPPON DATAS80 study. The hazard ratio (HR) of car-
diovascular disease mortality according to the dietary intake of a combination of factors (vegetables, fruit, fish, and salt) was
calculated by multiplying together the HRs for each of the dietary factors.

between the intakes of salt and fish, and salt and vegetables,
than between the other combinations (Supplementary
Table).

Relationship Between Dietary Factors and CVD Mortality
After 29 years (mean [SD] follow-up period, 24.6 [7.4]
years) and 223,770 person-years of follow-up, there were
1,070 CVD deaths. Table 2 shows the relationship between
dietary factors and CVD mortality risk. The risk of CVD
mortality was significantly elevated in the lowest intake
category compared with the highest intake category for
vegetables (HR: 1.28, 95% CI: 1.04-1.58), fruit (HR: 1.19,
95% CI: 1.02-1.40), and fish (HR: 1.39, 95% CI: 1.10-
1.77). Compared with lower salt intake, higher salt intake
was also associated with a higher risk of CVD mortality
(HR: 1.35, 95% CI: 1.02-1.79). These associations were
similar when food and salt consumption were evaluated
using energy-adjusted intakes (g/1,000kcal) (data not
shown). The consumption levels of cereal, soy/soy prod-
ucts, dairy products, and meat were not significantly asso-
ciated with the risk of CVD death (data not shown).

In contrast, higher intakes of vegetables, fruit, and fish,
and lower salt intake, were significantly associated with a
lower risk of death from stroke. The associations between
dietary factors, except fish, and the risk of death from
coronary heart disease (CHD) were similar, but not signifi-
cant (data not shown).

Risk Assessment Chart for CVD Mortality According to
Dietary Factors

By multiplying together the HRs for CVD death for each
dietary factor, we constructed an assessment chart for the
risk of CVD death according to dietary pattern (Figure),
using a heat map of 5 different levels relative to the refer-
ence. The risk of CVD mortality for individuals with the
worst dietary pattern (lowest vegetables, fruit, and fish
intake, combined with high salt intake) was around 3-fold

greater than that of individuals with the reference pattern
(highest vegetables, fruit, and fish intake, combined with
low salt intake).

Discussion

This study has shown that the dietary intake of vegetables,
fruit, fish, and salt was independently associated with the
risk of CVD mortality in a general Japanese population.
Based on these results, we constructed an assessment chart
for Japanese people for the risk of CVD mortality accord-
ing to dietary patterns. To the best of our knowledge, this
chart is the first to show the risk of CVD mortality accord-
ing to a combination of dietary factors, and it could be a
useful educational tool for the prevention of CVD in
Japan.

Japanese people are known for their long life expec-
tancy.? Although it remains high, salt intake in Japan has
markedly decreased over the past several decades, and this
reduction in salt intake has contributed to a reduction in
the risk of stroke, through a decrease in blood pressure.26-27
These changes have been linked to the long life expectancy
in Japan. The Japanese dietary pattern, characterized by
high fish intake and low fat intake, as well as high salt
intake, 2829 has been related to a lower risk of CHD.28 Thus,
the Japanese dietary pattern is considered to be healthy,
but there is little substantial evidence for this.

The NIPPON DATA cohort has shown an association
of dietary factors, such as vegetables,! fruit,! n-3 polyun-
saturated fatty acid/fish,>3 sodium/potassium ratio,® dairy
products,® and soy/soy products®? with CVD mortality
risk. Of these dietary factors, vegetables, fruit, n-3 polyun-
saturated fatty acid/fish, and sodium (salt) have also been
associated with CVD risk in other Japanese cohorts, as
well as in cohorts in other countries.

In the present study, vegetables, fruit, fish, and salt con-
sumption were individually associated with the risk of

Circulation Journal Vol.83, June 2019



1258

KONDO K et al.

CVD mortality in a Japanese general population. These
findings agreed with the results from the NIPPON DATA
cohort, as well as those from other cohorts in Japan and
other countries.!® Previous studies have shown associa-
tions between a single dietary factor and CVD risk,
although there was adjustment for other factors. Our study
is the first to show an association between intake amounts
of a combination of dietary factors and the risk of CVD
mortality.

Relationships between dietary pattern and CVD mortality
have been reported previously for Japanese people. In those
studies, the Japanese dietary pattern,!? a vegetable-rich
dietary pattern,!3 or a prudent dietary pattern'! were pro-
posed to be associated with a lower risk of CVD mortality,
based on principal component analysis. These dietary
patterns are characterized by higher intakes of vegetables,
fruit, and fish, factors that were chosen for the present
study. However, studies on dietary pattern cannot report the
absolute intake of each food group. Conversely, our assess-
ment chart provides useful information for the general
population by visually indicating the risk of CVD mortality
according to the intake of key food groups and salt.

Previous studies have shown that consumption of soy/
soy products,333 meat,353 rice’” or dairy products3! is
associated with the risk of CVD mortality. In the present
study, consumption of these food groups was not signifi-
cantly associated with CVD mortality. The 4 dietary fac-
tors chosen for inclusion in our chart were more effective
at demonstrating a relationship between diet and CVD
mortality risk.

We confirmed that the effects of dietary factors on
stroke or CHD mortality risk were similar to those on
CVD mortality; the numbers of deaths from stroke and
CHD were 477 and 219, respectively, while total CVD
deaths numbered 1,070. The aim of this study was to create
a chart predicting the risk of total CVD mortality accord-
ing to dietary factors. Therefore, we indicated the risk of
total CVD mortality as the main result.

Several previous studies have shown that the consump-
tion of vegetables is not associated with CVD risk.38-3
Those studies generally used food frequency question-
naires (FFQs) to assess dietary intake. In FFQs, partici-
pants are asked to indicate the mean frequency of
consumption of the foods listed, but portion size is not
fully considered. Therefore, it is usually difficult to evalu-
ate the amount of salt intake using FFQs. Because vegeta-
bles intake tends to positively correlate with salt intake, the
lack of adjustment for salt intake would likely lead to an
underestimation of the inverse relationship between vege-
tables intake and CVD risk. In the present study, we used
data from 3-day weighed dietary records, from which we
could obtain the absolute intake quantities (g/day) of each
food and salt. We consider this to be the likely reason for
the discrepancy between some previous studies and the
present study.

The Japanese Food Guide Spinning Top is another tool
that is used to illustrate dietary balance and quality for
Japanese people.?? A recent report showed that the dietary
score derived from this guide is associated with the risks of
all-cause and CVD mortality,* and the guide can evaluate
the effect of dietary pattern using various food groups.
However, fish is assessed in the “main dish” category,
which also includes meat and eggs. In addition, vegetables
are assessed in the “side dish” category, which also includes
potatoes. Thus, this guide does not evaluate the influence

of specific dietary factors on CVD risk, and we believe that
the chart created in the present study is more suitable as a
tool for CVD prevention in the general population.

Many previous studies have reported the effects of
dietary education, focused on dietary pattern (DASH
diet*! or Mediterranean diet*?) or specific food group
intake (vegetables,*! fruit*! or fish*3), on CVD risk or CVD
risk factors. However, few have reported the effects of
dietary education using educational tools in interventional
studies. Therefore, further studies are needed to evaluate
the effectiveness of dietary educational tools, including our
chart.

We constructed our risk assessment chart using the rela-
tive risks of CVD mortality. However, several previous
risk charts for CVD incidence/death*4¢ were based on
absolute risk, calculated using several risk factors.
Although it is possible to evaluate absolute CVD risk using
our chart, younger people have an extremely low absolute
risk of CVD mortality, making a chart based on relative
risk more appropriate. Consistent with this decision, the
Japan Atherosclerosis Society has recommended the use of
a relative risk chart for younger people with a low absolute
CVD risk.4

Study Limitations

First, we did not have individual nutritional data, because
only household data were available. We estimated the
nutrient intake of each household member by dividing
household intake data from the NNSJ80 conducted in
1980 into proportions using average intakes data classified
according to sex and age group that was calculated for the
NNSJ95, as described in our previous report.'” However,
this method cannot guarantee accurate estimation of indi-
vidual intakes. Second, the dietary assessment was carried
out only once at baseline, and thus changes in dietary habit
during the follow-up period were not accounted for. Third,
the 3-day dietary record method was performed in Novem-
ber, and therefore incapable of evaluating seasonal varia-
tion. Finally, we cannot exclude residual confounding by
unmeasured or unknown factors. For example, physical
activity, alcohol intake amount, and socioeconomic status
were not considered in this analysis.

Conclusions

We evaluated the CVD mortality risk associated with
differing intakes of specific food groups, and used these
data to generate a visual indication of the CVD mortality
risk associated with the consumption of combinations of
food groups and salt. This assessment chart could be used
as a nutritional educational tool for the prevention of CVD
in Japanese people. For example, a health professional,
such as a dietitian, could provide personalized dietary
advice using the chart, after assessing dietary intake by
dietary record or FFQ. The use of this assessment chart
with a food model could also be useful for nutritional
education. We encourage the use of this chart by the
community health sector for educating the Japanese general
population.
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