. The official journal of the Japan Atherosclerosis Society and
i the Asian Pacific Society of Atherosclerosis and Vascular Diseases

@0ece

Review

J Atheroscler Thromb, 2023; 30: 207-219. http://doi.org/10.5551/jat. RV22001

Dietary Factors, Dietary Patterns, and Cardiovascular Disease Risk
in Representative Japanese Cohorts: NIPPON DATA80/90

Keiko Kondo', Katsuyuki Miura', Tomonori Okamura?, Akira Okayama? and Hirotsugu Ueshima'’

for the NIPPON DATA80/90 Research Group

'NCD Epidemiology Research Center, Shiga University of Medical Science, Shiga, Japan
2Department of Preventive Medicine and Public Health, School of Medicine, Keio University, Tokyo, Japan

3Research Institute of Strategy for Prevention, Tokyo, Japan

Diet is one of the most important factors affecting healthy life expectancy through the onset of
cardiovascular disease (CVD) risk as well as various chronic diseases. Because dietary habits and disease structure
differ depending on the country, region, and/or race, evidence from each population is required. NIPPON
DATA80/90 is a long-term cohort study of a representative Japanese population that participated in national
nutrition surveys. Among the many findings of this cohort study, a dietary pattern with higher intake of fruits,
vegetables, fish (n-3 polyunsaturated fatty acids), and dietary fiber and lower intake of salt as well as sodium-to-
potassium ratio was found to be associated with a lower risk of CVD mortality. The results from our cohort study
would be useful for effectively preventing CVD. This article reviews the published studies from the NIPPON
DATA80/90 to highlight the significant findings that may be used to develop risk prevention strategies for CVD.
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Introduction

Diet is one of most important factors affecting
healthy life expectancy through its association with
the onset of cardiovascular diseases (CVD) as well as
various lifestyle-related chronic diseases. Because
dietary habits and disease structure differ depending
on the country, region, and/or race, evidence from
each population is required. While the relationship
between dietary intake and pattern and CVD risk has
been investigated and reported, most previous studies
were from Western countries, with reports from Asian
countries, including Japan, only recently beginning to
accumulate. NIPPON DATA is a cohort study of a
representative Japanese population that participated in
national nutrition surveys. In this review, we describe
the findings on dietary factors and patterns as well as
CVD mortality risk that have been revealed by the
NIPPON DATA80/90 research. The findings from
the NIPPON DATA are summarized in Table 1.

1. NIPPON DATA80/90

The National Integrated Project for Prospective
Observation of Non-communicable Disease and Its
Trends in the Aged (NIPPON DATA) is a series of
cohort studies principally based on the National
Cardiovascular Survey of Japan (NCSJ) and the
National Nutrition Survey of Japan (NNSJ). The
baseline cohorts of NIPPON DATA80 and NIPPON
DATA90 were participants of the 3rd and 4th NCS]
and NNSJ conducted in 1980 and 1990, respectively ).
The participants were residents of 300 survey districts
throughout Japan randomly selected for the National
Surveys by the Ministry of Health, Labour and
Welfare of Japan. Accordingly, the participants in
NIPPON DATA are considered representatives of the
general Japanese population. In NNS]J, information
on dietary intake was collected through weighed
dietary records for 3 consecutive days, and the
absolute amount of dietary intake, including foods
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Table 1. Summary of published findings from NIPPON DATA studies

Ref. Dietary factor Cohort  Duration of Mortality risk
ey Total CVD CHD Stroke All-cause

Food groups

13 Fruit ND80 24 years 1 ns il =

80 Fruit ND80 29 years 1 = = =

13 Vegetable ND80 24 years } 1 ns =

80 Vegetable ND80 29 years } = = =

13 Fruit and vegetable ND80 24 years J ns J =

19 Fish ND80 19 years = ns ns ns

80 Fish NDS80 29 years 1 = = =

28 Milk and dairy products ND80 24 years | (for women) } ns -

33 Egg ND80 14 years - ns ns } (for women)

34 Egg ND90 15 years ns - = } (for women)

40 Tofu ND80 24 years = - | (CH for women) -
Nutrients

46 n-3 PUFA ND80 24 years } ns ns =

54 Dietary fiber ND80 24 years } (for men) - } (for women) -

59 Salt ND80 24 years 1 t 1 1

80 Salt ND80 29 years t - - -

64 Sodium-to-potassium ratio NDS80 24 years 1 = t t

68 Vegetable protein ND90 15 years } ns | (CH) =

76 Total energy ND80 29 years ns 1 ns 1 (for men)

1, significant positive association; | , significant inverse association; ns, not significant; CH, cerebral hemorrhage; CHD, coronary heart disease;
CVD, cardiovascular disease; ND, NIPPON DATA; PUFA, polyunsaturated fatty acids.

and macro/micronutrients, was calculated® 9.
Meanwhile, follow-up surveys have been conducted
every 5 years since 1994 for the NIPPON DATA80
and since 1995 for the NIPPON DATA90, and the
vital status and cause of death (including CVD) have
been updated®.

2. Association of Food Consumption
with Cardiovascular Risk

2.1. Fruits and Vegetables

Many cohort studies, primarily from Western
countries, have confirmed the beneficial effects of fruit
and vegetable intake on coronary heart disease
(CHD), stroke, and CVD mortality”!'?. However,
studies on the association of fruit and vegetable intake
with CVD risk in Asian populations are limited.
Therefore, we evaluated the association of fruit and
vegetable intake adjusted for energy intake (g/1,000
keal) with CVD mortality risk using 24-year follow-up
data from NIPPON DATAS80 '9. The multivariable-
adjusted hazard ratio (HR) for the highest versus the
lowest quartile of total fruit and vegetable intake was

0.74 (95% confidence interval [CI]: 0.61-0.91, P for
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trend=0.003) for total CVD, 0.80 (95% CI: 0.59-
1.09, P for trend=0.036) for stroke, and 0.57 (95%
CI: 0.37-0.87, P for trend=0.109) for CHD. Similar
inverse associations with CVD risk were observed
when the analyses were repeated using fruit intake
alone and vegetable intake alone (Fig. 1).

In Japan, vegetable intake is often associated with
high intake of salt because some people typically use
table soy sauce on salted vegetables, and vegetables are
often cooked with soy sauce. Several previous studies
have demonstrated that the intake of vegetables is not
associated with CVD risk!'® 1. These studies have
mostly used food-frequency questionnaires (FFQ) to
assess dietary intake. However, it is difficult to
accurately evaluate the amount of salt intake using
FFQ. Therefore, the lack of adjustment for salt intake
could lead to underestimation of the inverse
relationship between vegetable intake and CVD risk.
In NIPPON DATAS80 described above, we used data
from 3-day weighed dietary records, from which we
could obtain the absolute intake quantities of food,
salt, and total energy'. Our findings from NIPPON
DATASO indicate that higher intake of vegetable and

fruit accompanied by lower intake of salt is important
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Hazard ratio (95% CI) of CVD mortality

Median intake
(@/1000keal) (5 | 5
Men Women R
Fruit and vegetable
Quartiles 1 113 148 [ P for trend=0.003 1.00 (reference)
Quartiles 2 154 201 —— 0.85 (0.69-1.05)
Quartiles 3 190 251 ——— 0.72 (0.58-0.89)
Quartiles 4 249 332 —— 0.74 (0.61-0.91)
Fruit
Quartiles 1 20 35 [] P for trend=0.029 1.00 (reference)
Quartiles 2 42 70 —— 0.85 (0.69-1.05)
Quartiles 3 63 105 —— 0.86 (0.70-1.05)
Quartiles 4 99 163 —e— 0.79 (0.65-0.96)
Vegetable
Quartiles 1 76 87 [ P for trend=0.021 1.00 (reference)
Quartiles 2 103 119 —e— 0.95 (0.77-1.16)
Quartiles 3 128 144 —e—| 0.81 (0.66-1.00)
Quartiles 4 168 197 —— 0.81 (0.66-1.00)

Fig.1. HRs for CVD mortality according to quartiles of fruit and vegetable intake!?

HRs were adjusted for age, sex, body mass index (kg/m?), smoking status (current-, ex-, never), alcohol drinking (daily drinkers and others),
sodium intake (mg/1000 kcal), and intakes of meat (g/1000 kcal), fish and shellfish (g/1000 kcal), milk and dairy products (g/1000 kcal), and

soybeans and legumes (g/1000 keal).

to prevent CVD.

2.2. Fish

Many epidemiological studies have evaluated the
association of fish intake and CVD risk!®. The intake
of fish in Japan is much higher than that in other
countries, including Western countries!” 8. Our
research group evaluated the association between fish
intake and all-cause and cause-specific mortality risk
using 19-year follow-up data from NIPPON DATAS80 1.
In this study, fish intake was evaluated using the food-
frequency method, and the study participants were
divided into five groups according to their fish intake
frequency. The relative risks of mortality in
participants who ate fish more than twice daily
compared with those who ate 1-2 times weekly were
0.99 (95% CI: 0.77-1.27) for all-cause mortality, 1.26
(95% CI: 0.70-2.29) for stroke, and 0.91 (95% CI:
0.35-2.35) for CHD. Because detailed data on
nutrient and/or other food group intake were not
available at that time in our study, these results could
not be adjusted for other dietary factors, such as total
energy, salt, or meat intake.

2.3. Milk and Dairy Products

Although intake of milk and dairy products is
recommended in Japan to ensure nutritional balance,
especially adequate amount of calcium and
potassium?” 2V, the current dairy intake among the
Japanese is much lower than the recommended
level??. Several cohort studies have suggested that
intake of dairy products is inversely associated with
CVD risk mainly in the Western population, whose
intake is much higher compared with the Japanese
population?*?”). Kondo ez al. analyzed and reported
the association between the intake of milk and dairy
products and CVD mortality risk using 24-year
follow-up data from NIPPON DATAS80 2. The risk
of CVD mortality of the lowest tertile of milk and
dairy intake (mean intake: 22.7 g/day) compared with
that of the highest (mean intake: 168.3 g/day) was
higher in women (HR: 1.27, 95% CI: 0.99-1.58, P
for trend=0.045); no such relationship was observed
in men. In addition to the recommended intake of
milk and dairy products to increase calcium and
potassium intake, the nutritional role of milk and
dairy products should be further evaluated in Japan.
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2.4.Egg

Because egg yolk contains relatively high
cholesterol, limiting egg intake was often
recommended to reduce serum cholesterol
concentrations and to prevent CHD??. The egg intake
in Japan (around five eggs per week) is two times
higher than that in the United States (two to three
eggs per week), significantly contributing to the total
number of cholesterol intake®*?. Our research group
examined the relationship of egg intake with serum
total cholesterol concentration and total and cause-
specific mortality risk in the NIPPON DATAS0
cohort®. In women, a dose—response relationship was
observed between the frequency of egg intake
evaluated using the FFQ (= 2/d, 1/d, 1/2d, 1-2/wk,
and seldom) and age-adjusted total cholesterol
concentration (5.11, 4.98, 4.89, 4.83, and 4.84
mmol/L, P£<0.0001). The multivariable-adjusted
relative risk of total mortality in the 1-2 eggs/wk
group was significantly lower than that in the 1 egg/
day group in women (relative risk: 0.78, 95% CI:
0.63-0.96), whereas no such associations were
observed in men. There were no clear associations
between egg intake and the mortality risk for stroke
and ischemic heart disease.

In addition, similar evaluations were conducted
using 15-year follow-up data from NIPPON DATA90 .
The participants were 4,686 women aged > 30 years
with no history of stroke or myocardial infarction at
baseline. Egg intake was not found to be associated
with age-adjusted total cholesterol concentration
(P=0.886). After adjustment for covariates, the HRs
for cancer and total mortality in the > 2 eggs/day
group were significantly higher than those in the 1
egg/day group. Egg intake was not found to be related
to the risk of CVD mortality.

The association between egg intake and serum
cholesterol concentration was inconsistent in our two
cohort studies, probably related to the differences in
the baseline year, which was 1980 for the NIPPON
DATA80 and 1990 for the NIPPON DATA90. In
Japan, public awareness of cholesterol concentration
as an important risk factor for atherosclerosis was not
high until the early 1980s. After the Health and
Medical Service Law for the elderly began in 1983,
people had the opportunity to learn their cholesterol
level through annual health check-ups, and
hypercholesterolemic individuals were provided with
health services, such as health guidance or education
for preventing CHD, particularly the middle-aged
and elderly people®. Along with these changes, eggs
became a popular media symbol for cholesterol, both
dietary and blood3®. Thus, the loss of the association
of egg intake with serum cholesterol concentration in
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NIPPON DATA90 may be due to the avoidance of
egg intake among the participants, especially
individuals with hypercholesterolemia. Meanwhile,
egg intake has been directly associated with cancer and
total mortality risk, suggesting that limiting egg intake
may have some health benefits, at least in women in
Japan®39.

2.5. Tofu (Soy Products)

Soybeans and soy products are traditional foods
in many Asian countries, including Japan. Many
investigations suggested their health benefits, such as
cholesterol-lowering effects?”> 3® and improvement of
endothelial function?®”. However, the association of
soy products with the risk of CVD, particularly stroke,
has not yet been confirmed. Therefore, we evaluated
the effects of dietary soy intake on the risk of stroke
mortality using 24-year follow-up data from NIPPON
DATAB80 9. Of the soy foods, we focused on tofu as
it is the most common form of soy consumed in
Japan. The study participants were 9,244 men and
women; their mean (standard deviation [SD]) daily
tofu intake was 18.6 (18.5) g/1,000 kcal for women
and 17.0 (16.2) g/1,000 kcal for men. No significant
associations between tofu intake and total mortality or
cerebral infarction mortality were observed in either
sex. The risk of death from cerebral hemorrhage in the
highest quartile of tofu intake was lower than that in
the lowest quartile (HR: 0.35, 95% CI: 0.14-0.85, P
for trend=0.03) only in women. Stratified analyses by
age revealed that the inverse association of tofu intake
with cerebral hemorrhage mortality in women was
limited to those younger than 65 years. Therefore, the
study’s finding of a significant association only in
younger women may be due simply to chance. Further
studies are warranted to confirm the effects of soy
foods on stroke risk.

3. Association of Nutrients
with Cardiovascular Risk

3.1. Marine-Derived N-3 Polyunsaturated Fatty

Acids (PUFA)

The intake of marine-derived n-3 PUFA among
the Japanese population is generally higher than that
in the Western population'® 4V, Several cohort studies
in Japan have reported an association between marine-
derived n-3 PUFA intake and CVD risk; however, the
dietary intake in these studies was assessed using the
FFQ?* %), Therefore, the results were not controlled
for salt intake, which in Japan is generally associated
with fish intake®¥. Using 24-year follow-up data from
NIPPON DATAS80, we investigated the association
between marine-derived n-3 PUFA intake and the risk
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Median intake

(%kecal) 0.5

n-3 PUFA Men Women

Hazard ratio (95%CI) for CVD mortality

1 2

Quartiles 1 0.18 0.19

Quartiles 2 0.29 0.32

Quartiles 3 0.43 0.46

Quartiles 4 0.65 0.70

P for trend=0.038
[ 1.00 (reference)

0.85 (0.70-1.03)

0.85(0.70-1.03)

0.80 (0.66-0.96)

Fig.2. HRs of CVD mortality by sex-specific quartiles of n-3 PUFA intake®)

HRs were adjusted for age, sex, body mass index, smoking status, alcohol drinking, systolic blood pressure, blood glucose, serum total
cholesterol, antihypertensive medication status, residential area, and dietary intake of saturated fatty acids, n-6 PUFA, vegetable protein, total

dietary fiber, and sodium.

of CVD mortality with adjustment for dietary intake,
including salt®. The study participants were 9,190
men and women without a history of CVD at
baseline; their median intake of marine-derived n-3
PUFA was 0.37%kcal (0.86 g/day). The risk of CVD
mortality in the highest quintile of marine-derived n-3
PUFA was lower than that in the lowest quintile (HR:
0.80, 95% CI: 0.66—0.96), and its inverse linear trend
was statistically significant (P for trend=0.038)
(Fig.2). The median value of the lowest quintile of
marine-derived n-3 PUFA intake (0.18%kcal, 0.4 g/
day) was twice as high as the mean intake reported in
the US population®. Our findings indicated that a
higher intake of marine-derived n-3 PUFA was
associated with reduced risk of CVD compared with a
modest n-3 PUFA intake.

3.2. Carbohydrates and Dietary Fiber
Carbohydrates are a primary source of energy in
the human diet, comprising dietary fiber and available
carbohydrate, including starch and sugar. Dietary fiber
has several beneficial effects on atherosclerosis, such as
reduction of postprandial blood glucose levels?”,
cholesterol levels®®: 49, and blood pressure®®.
Furthermore, dietary fiber has been reported to be
inversely related with the risk of CHD 459, stroke®?,
and CVD*-5). However, few studies have investigated
the relationships of each carbohydrate component
with CVD mortality risk in the Japanese population.
We therefore evaluated the association of the intake of

dietary fiber, carbohydrate, available carbohydrate,
and starch with the risk of CVD mortality using
24-year follow-up data from NIPPON DATAS80 3.
The study participants were 8,925 men and women
aged 30-79 years without a history of CVD at
baseline. After adjustment for covariates, the risk for
CVD mortality in men was lower in the highest
quintile of dietary fiber intake (HR: 0.64, 95% CI:
0.47-0.87, P for trend=0.007) than that in the lowest
quintile. A similar but nonsignificant trend toward an
association was observed in women (P for
trend=0.196). Compared with that in the lowest
quintile of dietary fiber intake, the risk of stroke
mortality was significantly lower in the highest
quintile of dietary fiber intake in women (HR: 0.61,
95% CI: 0.38-0.98, P for trend=0.046), whereas this
association was marginally significant in men (P for
trend=0.098). However, the intake of carbohydrate,
available carbohydrate, or starch was not associated
with the risk of CVD mortality in both sexes. These
findings indicate that higher intake of dietary fiber
should be promoted to prevent CVD. Dietary fiber is
divided into two types: insoluble fiber and soluble
fiber. Previous studies suggested that dietary fiber may
be differentially associated with health outcomes
depending on their solubility. However, data of
soluble and insoluble fiber were not available in
NIPPON DATAS80; thus, we could not evaluate the
relationships between each type of dietary fiber and
CVD risk.
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Hazard ratio (95%CI) for mortality
per 2.0g/1000kcal increment of household salt intake level

2

0.5 1
All cause
CVD
CHD
Stroke ——

1.07 (1.02-1.11)

1.11 (1.03-1.19)

1.25 (1.08-1.44)

1.12 (1.00-1.25)

Fig.3. HRs for mortality per 2.0 g/1000 kcal increment of household salt intake®®

HRs were adjusted for age, sex, body mass index, smoking status, alcohol drinking, work exertion level, household-based potassium, saturated

fatty acids, and long-chain n-3 PUFAs.

3.3. Salt and Sodium-to-Potassium Ratio

Previous cohort studies and meta-analyses have
demonstrated that individual salt intake is positively
associated with total and cause-specific mortality
risk>*). However, few studies have reported the
adverse effect of salt intake evaluated at the household
level. In NNSJ, dietary intake, including salt, was
evaluated by household using the dietary weighing
method. We therefore examined the relationship
between household salt intake and long-term all-cause
mortality, CVD, CHD, and stroke using 24-year
follow-up data of NIPPON DATAS80 based on the
NNSJ®®. From the analyses of 8,702 men and
women, excluding those living alone, the average (SD)
household salt intake assessed by simple density in
each household was 6.25 (2.02) g/1,000 kcal. A 1-SD
(2.0 g/1,000 kcal) higher household salt intake was
associated with a higher risk of all-cause mortality
(HR: 1.07, 95% CI: 1.02-1.11), CVD (HR: 1.11,
95% CI: 1.03-1.19), CHD (HR: 1.25, 95% CI:
1.08-1.44), and stroke (HR: 1.12, 95% CI: 1.00—
1.25) (Fig.3). In Asian countries, including Japan, the
main source of salt is seasoning used in cooking at
home, including salt, soy sauce, or miso paste® 5% ¢,
Hot pot dishes (miso soup or simmered dishes, mostly
seasoned with soy sauce) are usually cooked at home
and eaten by members in the same household. Our
findings from NIPPON DATA80 indicate that
targeting interventions at the entire household may be
important to the reduction of salt intake population-
wide.
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Sodium and potassium fluctuate antagonistically:
an increase in sodium intake leads to raised blood
pressure, whereas an increase in potassium intake leads
to reduced blood pressure by increasing sodium
excretion. Therefore, the sodium-to-potassium ratio
might be a better predictor of future CVD risk than
either sodium or potassium intake alone. Although
the average intake of sodium among the Japanese
population has been decreasing, it still remains high in
the worldwide scale. Moreover, the average intake of
potassium among the Japanese population remains
lower than that among the Western population, and
thus, the dietary sodium-to-potassium ratio remains
high®!-¢2. Analyses using 24-year follow-up data from
NIPPON DATAS0 revealed that the mortality risk in
the highest quintile of dietary sodium-to-potassium
ratio (average: 2.72), compared with that in the lowest
quintile (average: 1.25), was significantly higher for
all-cause mortality (HR: 1.16, 95% CI: 1.06-1.27),
total CVD (HR: 1.39, 95% CI: 1.20-1.61), and
stroke (HR: 1.43, 95% CI: 1.17-1.76)(Fig.4)%.
Reducing sodium (salt) intake as well as increasing
potassium intake from fruit and vegetables could be
important to address CVD mortality risk in Japan.

3.4. Vegetable Protein

Dietary protein, one of the important nutrients,
is classified into animal protein (meat, fish, dairy
products, and eggs) and vegetable protein (cereals,
legumes, soy products, and vegetables). Previous
studies have demonstrated that the intake of vegetable
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Hazard ratio (95%CI) for mortality in the highest quintile
versus the lowest quintile of dietary sodium to potassium ratio

0.5 1

2

All cause

CVD

Stroke

1.16 (1.06-1.27)

1.39 (1.20-1.61)

1.43 (1.17-1.76)

Fig. 4. HRs of mortality in the highest vs. the lowest quintile of dietary sodium-to-potassium ratio®

HRs were adjusted for age, sex, body mass index, smoking status, alcohol drinking, diabetes, serum total cholesterol, and intake of protein

and fat (%kcal).

protein is inversely associated with blood pressure
levels®+¢9. However, the association of the types of
dietary protein with CVD risk remains unclear. Using
15-year follow-up data from NIPPON DATA90,
Kurihara ez al. investigated the relationship between
vegetable protein intake and CVD mortality®”.
Higher intake of vegetable protein was associated with
lower intake of animal protein and total, animal, and
vegetable fats. After adjustment for sex, age, BMI, and
dietary intake, such as animal protein, total fat,
sodium, and potassium, a 1% energy increment of
vegetable protein was significantly associated with a
lower risk of CVD (HR: 0.86, 95% CI: 0.75-0.99)
and cerebral hemorrhage (HR: 0.58, 95% CI: 0.35-
0.95) mortality. The proportion of vegetable protein
to total protein in the Japanese population was higher
than that reported in the Western population®79. In
a population with relatively higher intake of vegetable
protein, the intake of vegetable protein may be
inversely related to CVD mortality risk. The intake of
vegetable protein-rich foods, such as soy or soy
products, may be recommended for preventing CVD.

3.5. Total Energy

In animal studies, dietary energy restriction has
been indicated to reduce the risk of chronic diseases,
such as cancer, hypertension, and diabetes”'7?, and
also to increase lifespan”, whereas studies on humans
remain inconclusive”. We investigated the association
between total energy intake and long-term total and
cause-specific mortality risk, including cancer and CVD,

in NIPPON DATASO0 79. In men, the multivariable-
adjusted HR for total mortality was higher in the
highest quintile of total energy intake compared with
that in the lowest quintile (HR: 1.45, 95% CI: 1.12—
1.86, P for trend=0.008), whereas no such association
was observed in women (HR: 0.90, 95% CI: 0.68—
1.20, P for trend=0.527). In the cause-specific
analysis, the mortality risk in the highest quintile of
total energy intake was higher for CHD in both men
(HR: 2.63, 95% CI: 0.95-7.28, P for trend=0.016)
and women (HR: 2.91, 95% CI: 1.02-8.29, P for
trend=0.032) and for cancer in men (HR: 1.50, 95%
Cl: 0.999-2.24, P for trend=0.038), compared with
that in the lowest quintile. These findings partially
support animal evidence and imply that energy
restriction could decrease the risk of mortality in
humans.

4. Association of Dietary Pattern in Japan
with Cardiovascular Risk

4.1. Japanese Dietary Pattern

The Japanese people are well known to have long
life expectancy’”, and the Japanese dietary pattern has
received special attention as a contributing factor to
this longevity. The traditional Japanese diet is
characterized by higher fish intake and lower fat
intake, which may lower the risk of CHD. A
disadvantage of this diet is the high salt intake, which
may lead to hypertension and a higher risk of stroke.
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Salt (g/day)

High

>8 in men, 27 in women

Low

<8 in men, <7 in women

Low

= <40
<
©
)
=

[Z2}
=]
2| Middle
o0 40-80
£
5

=

Q

£

<

wv

[ High

>80
low Middle High low
<175 175-350 >350 <175

<100 low 1.0-12
100200 Middle 12-1.5
2200  High 1.5-2.0
2025
<100 low z >25
100200 Middle | i@
2200  High | &
<100 low
1.08 1.04 100200 Middle
1.04 100 (ref) | >200  High
Middle High
175-350 >350

Vegetables (g/day)

Fig. 5. Risk assessment chart for CVD mortality according to dietary factors®?

The HR for cardiovascular disease mortality according to the dietary intake of a combination of factors (vegetables, fruits, fish, and salt) was

calculated by multiplying together the HRs for each of the dietary factors.

Accordingly, if the Japanese diet is modified to
emphasize less-salty foods, Japanese longevity might
increase further. Our research group investigated the
relationships between a healthy reduced-salt Japanese
diet and total and cause-specific mortality risk using
19-year follow-up data from NIPPON DATA80 7%.
In this study, a healthy dietary score was created using
seven dietary components to measure a healthy
reduced-salt Japanese diet. The components included
egg intake < 2 eggs/week, fish intake once or more
every 2 days, meat intake < 2 times/week, tsukemono
(salted pickles) intake once or more daily, infrequent
intake of soup with noodles, use of low-salt soy sauce,
and drinking alcohol only occasionally. Because data
on absolute salt intake were not available in this study,
infrequent intake of soup with noodles and use of
low-salt soy sauce were used as markers for salt
restriction. If any single dietary component was part
of a typical daily diet, it was scored as 1 and 0
otherwise. The range of total score was from 0 to 7,
with 0 being least healthy and 7 the healthiest. The
participants were divided into tertiles of dietary scores
(0-2, 3, and 4-7). After adjustment for age, sex, BMI,
and other risk factors, the HRs for the highest score
group (4-7), compared with those for the lowest score
group (0-2), were 0.78 (95% CI: 0.70-0.88, P for
trend <0.0001) for total mortality, 0.75 (95% CI:
0.56-0.99, P for trend=0.038) for stroke mortality,
and 0.80 (95% CI: 0.66-0.97, P for trend=0.022) for
CVD mortality. Adherence to a healthy reduced-salt
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Japanese diet was associated with a lower risk of CVD
mortality. Although high salt intake is one
disadvantage of the traditional Japanese diet, salt
intake in Japan has significantly decreased over the
past several decades, and this reduction may be one
explanation for reducing stroke mortality. This is
consistent with our findings, suggesting that a
Japanese diet with reduced salt would prevent CVD
and stroke and could lead to increased longevity. In
contrast, the intake of potassium and calcium in Japan
is low compared with that in Western countries, which
is one of characteristics on Japanese dietary pattern.
However, information regarding the intake of
potassium and calcium was not available during the
publication of this paper, which is one of the study
limitations.

4.2. CVD Risk Assessment Chart by Dietary Factors

Many prospective cohort studies, including the
NIPPON DATA study, have found associations
between dietary factors and CVD risk. In particular,
higher intake of fruit” 137280, vegetables” 137280, and
fish1642%) and lower intake of salt>> % 638D have been
shown to be related to lower risk of CVD. However,
most previous studies have reported on an association
between a single dietary factor and CVD risk,
although adjustments were made for other factors.
Normally, humans ingest multiple foods combined,
rather than a single food or nutrient, making it
necessary to evaluate CVD risk by a combination of
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dietary factors. We therefore studied the relationships
between the combination of dietary factors and CVD
mortality risk and also created a risk assessment chart
for CVD mortality by these factors using 29-year
follow-up data from NIPPON DATAS80 . In this
study, the intake levels of vegetables, fruits, fish, and
salt were used and classified into two or three
categories based on the cutoff values from the Japanese
government dietary guidelines?® 83 89, The risk of
CVD mortality was significantly higher in the lowest
intake category compared with that in the highest
intake category for vegetables (HR: 1.28, 95% CI:
1.04-1.58), fruits (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
related to a higher risk of CVD mortality (HR: 1.35,
95% CI: 1.02-1.79). By muldplying the HRs of
CVD mortality for each dietary factor together, we
constructed a risk assessment chart for CVD mortality
according to the dietary factors (Fig.5). The weighed
dietary records used in this study can directly assess
the absolute intake of salt. Thus, from this assessment
chart, for example, a higher intake of vegetables,
fruits, and fish were found to be associated with a
lower risk of CVD mortality in both the higher and
lower salt intake groups. This chart could be useful for
a nutritional education on the prevention of CVD in
the Japanese population.

5. Conclusions

We reviewed the findings on food and nutrient
intake, dietary patterns, and CVD mortality risk
reported from the NIPPON DATA80/90 study. These
findings indicate that a dietary pattern high in fruit,
vegetables, fish (n-3 PUFA), and dietary fiber and low
in salt and sodium-to-potassium ratio is reccommended
for preventing CVD. This combination of dietary
factors (fruits, vegetables, fish, and salt) was also
associated with variation in CVD mortality risk, and
we constructed a CVD risk assessment chart according
to such dietary factors. We hope that this review
would be useful for developing effective strategies for
preventing CVD and would lead to further research in
Japan, other Asian countries, and worldwide.
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