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paste, 0.544 g for dried or salted fish, 0.929 g for deep-fried
foods or tempura, 0.357 g for fried vegetables, 0.230 g for
boiled beans, and 0.184 g for miso soup. The amounts of
nutrients consumed were calculated by multiplying the
frequency scores and estimated nutrients for each portion
and summing across all 33 items. Data on fish oil supple-
mentation were not available in the baseline survey, but
supplement use was not common among Japanese adults.
The details of the validation study and methods for the
estimation of nutrient factors were reported previously (13).

Subjects missing the fresh fish intake item and subjects
missing more than 1 of the other 3 fish items were excluded
during fish or @-3 PUFA estimation. Furthermore, subjects
with a missing response to more than 4 of the 33 items on
the food frequency questionnaire were also excluded, leaving
57,972 eligible for the analyses. Energy adjustments were
done for dietary intakes of fish, vegetables, fruit, ®-3 and
w-6 PUFA, saturated fatty acids, and cholesterol, using the
nutrient residual model (14).

We previously had performed another validation study of
the frequency of fresh fish, steamed fish paste, and dried or
salted fish captured by the JACC study questionnaires
compared with serum @-3 PUFA levels in a subsample (n =
1,319) (15). We also tested the validity of dietary intakes of
fish and w-3 PUFA: The age- and gender-adjusted mean
plasma -3 PUFA levels (weight percent of total fatty acids)
across quintiles of energy-adjusted fish intake were 9.5, 9.8,
10.4, 10.5, and 11.2 (p for trend <0.001), and respective
values across quintiles of energy-adjusted w-3 PUFA intake
were 9.5, 10.0, 10.4, 10.3, and 11.2 (p for trend <0.001).

The quintiles of energy-adjusted fish intake were 0 to 27,
27 to 39, 39 to 53, 53 to 72, and 72 to 229 g/day, and those
of w-3 PUFA intake were 0.05 to 1.18, 1.18 to 1.47, 1.47 to
1.75, 1.75 to 2.11, and 2.11 to 5.06 g/day. The validation
study showed that the estimated mean fish intake in this
study compared with dietary records in a subsample (n
88, mostly female) were one-half that in the dietary record
(42.9 vs. 87.2 g/day).

Statistical analysis. Age-adjusted means and proportions
of selected cardiovascular risk factors and nutrients were
calculated according to quintiles of energy-adjusted dietary
intakes of fish and @-3 PUFA, and the overall difference
across the quintiles was tested by analysis of covariance. For
each participant, we calculated the person-years of
follow-up from baseline in 1988 to 1990 to the first end
point: death, moving from the community, or the end of
2003. The mortality rates of cach outcome were calculated
according to quintiles of intakes of fish or @-3 PUFA.
Hazard ratios (HRs) with 95% confidence intervals (Cls)
were calculated after adjustment of age, gender, and other
potential confounding factors with Cox proportional haz-
ards survival models. The confounding factors included
body mass index (quintiles), history of hypertension and
diabetes mellitus (yes or no), smoking status (never, former
smoker, and current smoker of 1 to 19 or =20 cigarettes/
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day), alcohol intake (never, former drinker, and current
drinker of ethanol at 1 to 22, 23 to 45, 46 to 68, or =69
g/day; 23 g ethanol corresponds to 1 go, a Japanese tradi-
tional unit for volume), perceived mental stress (low, me-
dium, or high), walking (rarely, 30, 30 to 60, or more than
60 min/day), sports (rarcly, or more than 1 h/week),
education levels (age of completed education of <13, 13 to
15, 16 to 18, or =19 years), and continuous values of total
energy and energy-adjusted nutrient intakes (cholesterol,
saturated fatty acids, and w-6 PUFA), and quintiles of
energy-adjusted vegetable and fruit intakes. Body mass
index was calculated as body weight (kg) divided by the
square of height (m?), where weight and height were
obtained from the baseline questionnaire. Histories of
hypertension and diabetes were derived from the baseline
questionnaire. The linear trend of HRs across the quintiles
was tested by using variables with —2, —1, 0, 1, and 2
assigned to successive quintiles. Multiplicative interactions
with gender were tested using a cross-product term (16).
We excluded monounsaturated fatty acids from the models
because of multicolinearity with dietary intakes of choles-
terol and saturated fatty acids (Spearman correlation coef-
ficient = 0.72 and 0.82, respectively).

We used SAS version 9.1.3 Service Pack 4 (SAS Insti-
tute, Cary, North Carolina) for the analyses. All probability
values for statistical tests were two-tailed, and values of p <
0.05 were regarded as statistically significant.

Results

During 735,905 person-years of follow-up for 57,972 per-
sons, we documented 419 deaths due to IHD (including
329 myocardial infarctions), 107 due to cardiac arrest, 307
due to heart failure, and 972 due to stroke (includjng 223
intraparenchymal hemorrhages, 153 subarachnoid hemor-
rhages, and 319 ischemic strokes); there were 2,045 total
cardiovascular deaths and 7,008 total deaths.

As shown in Table 1, several variables, such as age, mean
body mass index, history of diabetes, current smoking, mean
alcohol intake, high perceived mental stress, and all nutrient
factors, were correlated with energy-adjusted fish intake.
The Spearman correlation coefficient between energy-
adjusted dietary intakes of fish and -3 PUFA was 0.84. As
a result, we observed similar correlations between dictary
intake of w-3 PUFA and the preceding variables (not shown
in the table).

Because no interactions with gender were observed for
the association of fish or @-3 PUFA intake with any end
point, we combined men and women for further analyses.
Table 2 shows the HRs of cardiovascular diseases according
to dietary intake of fish. Fish intake tended to be inversely
associated with age- and gender-adjusted risks of IHD,
myocardial infarction, and heart failure. Risk of cardiac
arrest tended to be higher in the second and third quintiles
of fish intake but to be lower in the higher quintiles with no
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Table 1 Baseline Characteristics of Cardiovascular Risk Factors and Selected Dietary
Variables in a Cohort of 22,881 Men and 35,091 Women to Quintile of Fish Intakes
Men Women
Quintiles of Fish Intake* Quintiles of Fish Intake*
Q1 (Low) Q2 Q3 Q4 Q5 (High) p Valuet Q1 (Low) Q2 Q3 Q4 Q5 (High)  p Valuet
Median intake*, g/day 20 33 45 62 86 21 33 46 62 85
Number at risk 4,845 4,608 4,345 4,446 4637 6,749 6,987 7,249 7,149 6,957
Age at baseline, yrs 54.7 55.2 55.7 56.1 57.8 <0.001 56.5 55.6 55.7 56.5 56.9 <0.001
Mean body mass 226 22.7 227 228 22.7 0.03 228 229 229 230 231 <0.001
indext, kg/m?
History of 18 47 18 18 18 0.39 19 20 19 19 20 0.61
hypertensiont, %
History of diabetes 5 5 6 5 7 0.006 3 3 3 3 4 0.08
mellitus$, %
Current smokert, % 55 52 51 51 51 <0.001 6 5 4 4 4 <0.001
Mean alcohol intaket, 35.6 339 335 358 310 <0.001 126 9.8 9.2 101 8.7 <0.001
g/day
Sports 5 h/week or 6 7 7 7 h 0.19 4 4 4 4 4 0.51
moret, %
Walking 1 h/day or 47 47 47 48 46 0.70 48 48 47 49 47 0.29
moret, %
College or higher 17 17 17 16 19 0.01 10 10 10 10 10 0.56
educationt, %
High perceived mental 23 26 24 24 26 0.01 22 21 20 21 20 0.12
stresst, %
Mean energy intaket, 1,624 1,623 1,659 1,746 1,591 <0.001 1,306 1,328 1,340 1,396 1,274 <0.001
Kcal/day
Dietary cholesterol, 186 219 242 272 291 <0.001 192 220 243 270 276 <0.001
mg/day
Saturated fatty acids$, 7.9 8.7 9.3 9.9 10.0 <0.001 8.2 9.0 9.4 10.0 9.4 <0.001
g/day
Monounsaturated fatty 74 8.7 9.6 10.6 111 <0.001 7.8 9.0 9.7 10.7 10.5 <0.001
acidst, g/day
Palyunsaturated fatty 6.7 7.6 8.2 9.0 9.1 <0.001 6.5 7.3 7.9 8.7 85 <0.001
acldst, g/day
-3 polyunsaturated 1.0 1.3 16 2.0 2.3 <0.001 11 14 16 2.0 2.2 <0.001
fatty acidst, g/day
o6 polyunsaturated 5.7 6.2 6.6 7.0 6.8 <0.001 5.5 6.0 6.3 6.7 6.3 <0.001
fatty acids, g/day
Fish intaket, g/day 19 33 46 65 86 <0.001 19 33 46 66 84 <0.001
Vegetable intaked, 71 83 93 104 110 <0.001 a7 96 106 116 120 <0.001
g/day
101 110 117 126 132 <0.001 131 139 145 <0.001

Fruit intaket, g/day

153

*Energy-adjusted values by nutrient residual model; tp values for overall difference among quintiles based an analysls of covariance; tage-adjusted.

significant trend. No associations were observed for total
stroke or its subtypes. Inverse associations were observed for
total cardiovascular disease, and less prominently, for total
death. After further adjustment for cardiovascular risk
factors and dietary variables, these inverse associations were
generally weakened but were not altered substantially.
Similarly, Table 3 shows the HRs of cardiovascular
discases according to dictary intake of -3 PUFA. The
results were essentially the same as those for fish intake.
However, the associations of w-3 PUFA with heart
failure were more prominent than with fish intake. An
inverse trend was also observed for intraparenchymal
hemorrhage but was no longer significant after adjust-
ment for cardiovascular risk factors. Our results were

essentially the same when analyzed for long-chain w-3
PUFA (a sum of cicosapentaenoic, docosapentaenoic, and
docosahexaenoic acids), although the association for heart
fallure became weaker: the multivariable HR (95% CI) for
the highest versus lowest quintiles was 0.80 (0.55 to 1.17),
p for trend was 0.13.

There were no differences between genders in any asso-
ciations shown in Tables 2 and 3. For example, the
gender-specific multivariable HRs (95% Cls) for the highest
versus lowest quintiles of fish intake for total cardiovascular
discase were 0.84 (0.69 to 1.04) for men and 0.83 (0.68 to
1.02) for women, and respective HRs for @-3 PUFA were
0.83 (0.63 to 1.08) for men and 0.84 (0.64 to 1.10) for

women.
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Total Cardiovascular Disease, and Total Death According to Quintiles of Fish Intake, 22,881 Men and 35,091 Women

Multivariate HRs and 95% Cls of Mortality From Ischemic Heart Disease, Cardiac Arrest, Heart Failure, Stroke,

Quintiles of Fish Intake *

p Value
Q1 (Low) Q2 Q3 Q4 Q5 (High) for Trend
Person-years 144,903 146,244 147,322 148,797 148,639
Ischemic heart disease, n by 88 79 84
Age- and gender-adjusted 10 0.93 (0.69-1.26) 1.00 (0.75-1.35) 0.85 (0.63-1.15) 0.78 (0.58-1.06) 0.09
Muttivariablet 10 0.99 (0.73-1.34) 1.11 (0.82-1.51) 0.98 (0.71-1.34) 0.86 (0.62-1.19) 0.41
Myocardial Infarction, n 74 59 73 59 64
Age- and gender-adjusted 10 0.83 (0.59-1.17) 1.00 (0.72-1.38) 0.76 (0.54-1.07) 0.72 (0.52-1.01) 0.05
Multivariablet 1.0 0.87 (0.62-1.23) 1.10 (0.79-1.54) 0.87 (0.61-1.24) 0.77 (0.53-1.10) 022
Cardiac arrest, n 19 25 27 18 18
Age- and gender-adjusted 10 1.39 (0.77-2.53) 1.44 (0.80-2.59) 0.89 (0.47-1.70) 0.74 (0.39-1.42) 0.15
Multivariable t 10 1.44 (0.79-2.62) 1.49 (0.81-2.72) 0.90 (0.46-1.76) 0.73 (0.36-1.46) 0.16
Heart failure, n g4 59 46 56 69
Age- and gender-adjusted 10 0.82 (0.59-1.16) 0.62 (0.43-0.89) 0.71 (0.50-1.00) 0.77 (0.55-1.06) 0.07
Multivariablet 10 0.83 (0.59-1.17) 0.63 (0.43-0.91) 0.72 (0.50-1.03) 0.76 (0.53-1.09) 0.10
Total stroke, n 208 179 178 191 216
Age- and gender-adjusted 10 0.91 (0.75-1.11) 0.87 (0.71-1.07) 0.88 (0.72-1.07) 0.87 (0.72-1.06) 017
Multivariablet 10 0.95 (0.78-1.16) 0.93 (0.76-1.14) 0.92 (0.75-1.14) 0.91 (0.74-1.13) 0.40
Intraparenchymal hemarrhage, n 53 43 41 37 49
Age- and gender-adjusted 10 0.84 (0.56-1.26) 0.78 (0.52-1.17) 0.67 (0.44-1.01) 0.80 (0.54-1.18) 013
Multivariablet 10 0.93 (0.62-1.40) 0.91 (0.60-1.39) 0.78 (0.50-1.21) 0.95 (0.62-1.47) 0.58
Subarachnoid hemorrhage, n 30 33 27 33 30
Age- and gender-adjusted 10 1.12 (0.68-1.83) 0.89 (0.53-1.49) 1.04 (0.63-1.70) 0.91 (0.55-1.51) 0.64
Multivariablet 10 1.18 (0.71-1.94) 0.96 (0.57-1.65) 1.12 (0.67-1.89) 0.96 (0.55-1.68) 0.84
Ischemic stroke, n 67 57 58 64 73
Age- and gender-adjusted 10 0.92 (0.64-1.30) 0.89 (0.63-1.26) 0.93 (0.66-1.30) 0.89 (0.64-1.24) 0.56
Multivarlablet 1.0 0.96 (0.67-1.37) 0.97 (0.68-1.40) 0.98 (0.68-1.40) 0.93 (0.65-1.34) 0.78
Total cardiovascular disease, n 453 384 383 389 436
Age- and gender-adjusted 10 0.90 (0.78-1.03) 0.86 (0.75-0.99) 0.82 (0.72-0.94) 0.81 (0.71-0.92) <0.001
Multivariablet 10 0.93 (0.81-1.06) 0.91 (0.79-1.05) 0.86 (0.75-1.00) 0.82 (0.71-0.95) 0.007
Total death, n 1429 1,288 1,328 1,397 1,666
Age- and gender-adjusted 10 0.94 (0.87-1.01) 0.94 (0.87-1.01) 0.93 (0.87-1.00) 0.93 (0.86-1.00) 0.06
Multivariablet 1.0 0.96 (0.89-1.04) 0.98 (0.90-1.05) 0.96 (0.89-1.04) 0.92 (0.85-1.00) 0.08

*Energy-adj d quintiles by nutrient | model, {Further adjusted for history of hyp:
sports, education levels, total energy, and dietary intakes of ch d and or6

and diab mellitus,

king status, alcohol consumption, body mass index, mental stress, walking,

fatty acids, and fruit,

€1 = confidence interval; HR = hazard ratio.

Discussion

In this large, community-based, prospective cohort study,
we observed generally inverse associations of fish and
dietary ©-3 PUFA intakes with risks of mortality from
IHD, myocardial infarction, heart failure, and total
cardiovascular disease. These inverse associations were
more cvident between dictary -3 PUFA intake and
heart failure. However, inverse associations with IHD or
myocardial infarction were attenuated after adjustment
for potential risk factors. As for stroke, neither fish nor
w-3 PUFA dietary intakes were associated with mortality
risk. Compared with the lowest quintile, dietary intakes
of fish and @-3 PUFA in the highest quintile were
associated with 18% to 19% lower mortality rates of total
cardiovascular disease.

Previous Asian reports (2,4,5) have shown that fish or
-3 PUFA was associated inversely with the risk of IHD.
The relatively weak association in the present study may be
partly due to the use of mortality, rather than incidence,
data. A previous prospective study of a national representa-
tive sample of 8,879 Japanese men and women (NIPPON
DATA 80) did not show a significant association between
fish intake and coronary mortality (3). The Japan Public
Health Center-based prospective study (4), a cohort study
of 41,578 men and women, showed a strong inverse
association primarily for nonfatal coronary events but not
for fatal events. Furthermore, the JELIS (Japan EPA Lipid
Intervention Study), a recent Japanese intervention trial of
18,645 hypercholesterolemic patients (5), demonstrated a
protective effect of eicosapentaenoic acid supplementation
on nonfatal coronary events, but an effect on fatal coronary
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Total Cardiovascular Disease, and Total Death According to Quintiles of -3 PUFA Intake, 22,881 Men and 35,091 Women

Multivariate HRs and 95% Cls of Mortality From Ischemic Heart Disease, Cardiac Arrest, Heart Failure, Stroke,

Quintiles of «-3 PUFA Intake*

p Value
Q1 (Low) Q2 Q3 Q4 Q5 (High) for Trend

Person-years ) 143,208 145,552 148,548 149,359 149,237
Ischemic heart disease, n 75 B6 78 81 99

Age- and gender-adjusted 1.0 1.06 (0.78-1.45) 0.86 (0.62-1.18) 0.84 (0.61-1.15) 0.82 (0.61-1.11) 0.07

Multivariablet 1.0 1.17 (0.84-1.62) 0.98 (0.69-1.40) 1.00 (0.68-1.45) 0.95 (0.62-1.43) 0.58
Myacardial infarction, n 65 65 60 60 79

Age- and gender-adjusted 1.0 0.93 (0.66-1.31) 0.77 (0.54-1.09) 0.73 (0.51-1.03) 0.78 (0.56-1.08) 0.056

Multivariable t 1.0 0.97 (0.67-1.40) 0.81 (0.54-1.20) 0.77 (0.51-1.18) 0.75(0.47-1.19) 0.14
Cardiac arrest, n 14 18 38 17 20

Age- and gender-adjusted 1.0 1.14 (0.57-2.29) 2.05(1.11-3.79) 0.87 (0.43-1.77) 0.78 (0.40-1.56) 0.33

Multivariablet 1.0 1.07 (0.51-2.22) 1.86 (0.92-3.74) 0.76 (0.33-1.73) 0.64 (0.26-1.59) 0.24
Heart failure, n 68 53 50 58 78

Age- and gender-adjusted 10 0.73 (0.51-1.04) 0.61 (0.42-0.88) 0.68 (0.48-0.96) 0.73 (0.53-1.01) 0.07

Multivariablet 1.0 0.69 (0.47-1.01) 0.56 (0.37-0.85) 0.60 (0,39-0.92) 0.58 (0.36-0.93) 0.03
Total stroke, n 159 166 201 186 260

Age- and gender-adjusted 1.0 0.97 (0.78-1.20) 1.04 (0.85-1.28) 0.92 (0.74-1.14) 1.04 (0.85-1.26) 0.93

Multivariablet 1.0 0.95 (0.75-1.19) 1.00 (0.79-1.26) 0.87 (0.67-1.12) 0.93 (0.70-1.22) 0.46
Intraparenchymal hemorrhage, n 49 44 42 39 49

Age- and gender-adjusted 1.0 0.85 (0.56-1.27) 0.74 (0.49-1.12) 0.65 (0.43-0.99) 0.69 (0.47-1.03) 0.03

Multivariablet 1.0 0.87 (0.56-1.35) 0.77 (0.48-1.24) 0.68 (0.41-1.14) 0.70 (0.40-1.24) 0.16
Subarachnoid hemorrhage, n 28 28 33 32 32

Age- and gender-adjusted 1.0 0.94 (0.56-1.59) 1.04 (0.63-1.72) 0.98 (0.59-1.63) 0.91 (0.55-1.52) 0.80

Multivariablet 10 0.98 (0.56-1.70) 1.08 (0.61-1.93) 1.02 (0.55-1.89) 0.90 (0.44-1.81) 0.83
Ischemic stroke, n 43 50 71 62 93

Age- and gender-adjusted 10 1.07 (0.71-1.61) 1.32 (0.91-1.93) 1.10 (0.75-1.63) 1.27 (0.88-1.83) 0.22

Multivariablet 10 1.06 (0.69-1.63) 1.31 (0.85-2.01) 1.07 (0.68-1.69) 1.17(0.71-1.92) 0.58
Total cardiovascular disease, n 360 367 412 388 518

Age- and gender-adjusted 1.0 0.94 (0.81-1.09) 0.94 (0.82-1.08) 0.84 (0.73-0.97) 0.90 (0.79-1.04) 0.04

Multivariablet 1.0 0.93 (0.80-1.09) 0.91 (0.78-1.07) 0.81 (0.68-0.96) 0.81(0.67-0.98) 0.01
Total death, n 1,262 1,262 1,328 1,415 1,751

Age- and gender-adjusted 1.0 0.95 (0.88-1.02) 0.90 (0.84-0.98) 0.91 (0.84-0.98) 0.93 (0.87-1.00) 0.03

Multivariablet 1.0 0.97 (0.90-1.06) 0.94 (0.86-1.02) 0.94 (0.85-1.03) 0.92 (0.84-1.02) 0.10

*Energy-adjusted quintiles by nutrient residual model. tFurther adjusted for history of hypertension and diabetes mellitus, smoking status, alcohol consumption, body mass index, mental stress, walking.,
sports, education levels, total energy. and dietary intakes of cholesterol, saturated and -6 PUFA, vegetables, and fruit.

PUFA = polyunsaturated fatty acids; other abbreviations as in Table 2.

events was not confirmed because of the small numbers
(n = 60).

As for stroke, 3 previous observational studies have
examined the associations between fish and stroke mortality
among Asian populations (2,3,17). A study of 18,244 men
in Shanghai, China (2), showed no association; the
multivariable-adjusted HR (95% CI) for fish/shellfish in-
take of =200 g/week compared with <50 g/week was 1.11
(0.83 to 1.47). The NIPPON DATA 80 (3) reported a HR
(95% CI) for fish intake of twice a day or more of 1.26 (0.70
to 2.29) and for intake of once a day of 1.20 (0.82 to 1.75)
compared with once or twice a weck. That study also
showed no association with cercbral hemorrhage or infarc-
tion, separately. Another study of 40,349 men and women
in Hiroshima and Nagasaki, Japan (17), showed 15% lower
mortality from total stroke among persons with intake of
fish products of =46 g/day compared with persons consum-

ing =18 g/day. In that study, the risk reduction was
primarily observed for intraparenchymal hemorrhage (HR:
0.70 [95% CI: 0.54 to 0.92]) but not for ischemic stroke
(HR: 0.94 [95% CI: 0.77 to 1.14]). We observed a similar
and nonsignificant inverse association with intraparenchy-
mal hemorrhage. Taken together, dietary intakes of fish and
w-3 PUFA seem unlikely to have a protective effect on
mortality from ischemic stroke and a harmful effect on
mortality from intraparenchymal hemorrhage among Asian
populations. As for incident stroke, a nested case-control
study in a Japanese community cohort of approximately
10,000 subjects (18) showed no association between serum
@-3 PUFA (eicosapentaenoic, docosapentaenoic, or doco-
sahexaenoic acid) concentrations and risk of stroke and its
subtypes (HR for 1 SD changes ranged 1.01 to 1.17 for total
stroke, 0.99 to 1.21 for ischemic stroke, and 0.87 to 1.09 for
intraparenchymal hemorrhage; none of these reached sta-
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tistical significance). The JELIS trial (5) showed no protec-
tive effect of eicosapentaenoic acid supplementation on risk
of incident total stroke (HR: 1.02 [95% CI: 0.91 to 1.13]),
ischemic stroke (HR: 0.97 [95% CI: 0.85 to 1.10]), or
hemorrhagic stroke (HR: 1.12 [95% CI: 0.91 to 1.39])
among Japanese hypercholesterolemic patients. Yet, to date,
there are no reports on inverse associations between fish or
-3 PUFA and the incidence of stroke among general
populations of Asia. By contrast, inverse associations be-
tween fish or w-3 PUFA and the incidence of total or
ischemic stroke have been reported for Western popula-
tions, for example, Dutch (19) or Americans (20-23).
However, consistent with the present study, such an asso-
ciation was not observed with stroke mortality in the
Chicago Western Electric Study (24) or the Iowa Women's
Health Study (25).

We did not observe clear inverse associations between
dietary intake of fish or w-3 PUFA with the risk of
mortality from cardiac arrest, although a tendency of lower
risk was observed in the top 2 quintiles of fish intake.
Despite growing evidence of an antiarrhythmic effect of fish
oil (26), a number of trials have shown that -3 PUFA
supplements have little effect on the rate of defibrilla-
tor firings in patients with implantable cardioverter-
defibrillators (27). The JELIS trial (5) did not find that
eicosapentaenoic acid supplementation reduced sudden
death (HR: 1.06 [95% CI: 0.55 to 2.07]), probably because
of a small number of cases (n = 35) and the high
background fish consumption among Japanese. It has been
suggested that the slope of the dose-response curve for the
antiarthythmic effect of w-3 PUFA is steep at modest levels
(<750 mg cicosapentaenoic plus docosahexaenoic acid) but
plateaus thereafter (28).

Few studies have examined the association of fish and
-3 PUFA intakes with the incidence of congestive heart
failure. The Cardiovascular Health Study, involving 4,738
men and women ages =65 years (8), found an inverse
association of baked/broiled fish intake with congestive
heart failure; the HR (95% CI) for baked/broiled fish intake
of =5 times a week versus <1 time a month was 0.68 (0.45
to 1.03), and the trend across the frequency categories was
statistically significant (p = 0.009). A similar inverse asso-
ciation was observed for quintiles of long-chain @-3 PUFA
(eicosapentaenoic and docosahexaenoic acids). This result
was supported by a recent report from the ARIC (Athero-
sclerosis Risk in Communities) study, showing an inverse
association between plasma long-chain -3 PUFA and
incident heart failure among women (29). Our findings are
in line with these studies. On the other hand, another
ARIC study (9) found no association between dietary fish
intake ascertained by food frequency questionnaire and
incident heart failure, probably because fried fish could
not be differentiated from other fish. The Cardiovascular
Health Study (8) reported that fried fish, unlike baked/
broiled fish, increased the risk of incident heart failure.
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Our questionnaire did not directly ask about fried fish
intake, but when we excluded the estimated amount of
deep-fried fish from the present analysis for fish intake,
the inverse association with heart failure did not change
materially: the multivariate HR (95% CI) for the highest
versus lowest quintiles of fish intake was 0.78 (0.55 to
1.10), p for trend was 0.14. This finding may reflect a
cultural difference in fried fish intake between Western
and far-Eastern countries, namely, that fried fish in Japan
is usually rich in w-3 PUFA, unlike the white fish used in
the United States. Japanese also use less cooking oil
containing trans fats.

For heart failure, however, the accuracy of death certifi-
cate diagnosis in Japan is a concern. It is generally believed
that death certificate diagnosis for heart failure before 1994
was not necessarily accurate, because Japanese physicians
were inclined to diagnose deaths of unknown origin or
deaths occurring during the end stages of chronic diseases as
“unspecified heart failure” (150.9 for ICD-10) (30). Sudden
death of unknown origin, such as cardiac arrest or arrhyth-
mic death, was especially likely to be classified as heart
failure, whereas these deaths have been mainly diagnosed as
IHD in the U.S. (31). Sudden death was reported to
account for 27% to 50% of diagnosed heart failure as the
underlying cause of death in Japan (30). Thercfore, we
speculate that one-fourth to one-half of the heart failure in
this study was contaminated with cardiac arrest, and that
may have affected the association of fish or w-3 PUFA
intake with heart failure.

It has been speculated that docosahexaenoic acid is most
important for cardioprotection (10), because sudden cardiac
deaths were not reduced by eicosapentaenoic acid supple-
mentation in the JELIS trial (5). The aforementioned
ARIC study reported that higher plasma docosahexaenic,
but not eicosapentaenoic, acid was inversely associated with
incident heart failure among white women (29). In the
present study, however, eitacopentaenoic and docosahexae-
noic acids were highly correlated with each other (r = 0.99),
and therefore dietary intakes of these were similarly associ-
ated with cardiovascular outcomes (not shown).

The JACC study is a large, nationwide, community-
based Japanese cohort, which allowed us to examine the
associations of fish and -3 PUFA intakes with heart
failure for the first time in Asian populations. Another
advantage of the present study was the wider distribution
of fish intake than that in Western studies. Therefore, we
could test the potential effect of very high intake of fish
or w-3 PUFA, which cannot be studied in Western
populations.

Study limitations. Dietary intakes in this study were based
on a food frequency questionnaire. Although this question-
naire has been previously validated (13,15), there are several
limitations. First, for people who picked the highest cate-
gories of frequency, namely, almost every day, we could not
estimate how many times they ate fish in a day. A previous
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study (3) showed approximately 6% of Japanese men and
women eat fish twice or more in a day. In the present study,
73% of people who responded “almost every day” for fish
frequency fell into the highest quintile of nonenergy-
adjusted fish intake, and 27% of them were in the second
highest quintile of fish intake. Thus, the impact of misclas-
sification may weaken the association to some extent but not
substantially. Yet, it should be noted that the absolute
amount of fish or w-3 PUFA intake in the present study is
probably underestimated; the estimated mean fish intake in
the present study (49.5 g/day) was much lower than in a
National Nutrition Survey in 1990 (95.3 g/day). Indeed, the
estimated fish intake in this study was one-half that using
dictary records in a subsample. Second, we excluded 23,339
subjects because of incomplete dietary information. Ex-
cluded subjects were older (60.8 vs. 56.1 years) and more
likely to be men than women (45% vs. 39%) compared with
included subjects, but there were only slight differences
between them in other baseline characteristics, thus suggest-
ing bias is unlikely. Lastly, we cannot negate the possibility
of residual confounding by other factors, healthy life-styles,

or socioeconomic status.

Conclusions

We found an inverse association between fish and w-3
PUFA dictary intakes and cardiovascular mortality, espe-
cially for heart failure in a large, nationwide, community-
based Japanese cohort. This finding, taken together with
those from prior studies, suggests a protective effect of fish
intake on cardiovascular discases.

Acknowledgments

The authors appreciate Drs. Kunio Aoki and Yoshiyuki
Ohno, Nagoya University School of Medicine, and Dr.
Haruo Sugano, Cancer Institute, Tokyo, who greatly con-
tributed to the initiation of the JACC study. The authors
also thank Dr. Aaron R. Folsom, University of Minnesota,
for valuable comments on this manuscript. All members of
the JACC study are available at: http://www.aichi-med-u.
ac.jp/jacc/member. html.

Reprint requests and correspondence: Dr. Hiroyasu Iso, Public
Health, Department of Social and Environmental Medicine,
Osaka University Graduate School of Medicine, 2-2 Yamadaoka,
565-0871 Suita, Japan. E-mail: iso@pbhel.med.osaka-u.ac jp.

REFERENCES

1. He K, Song Y, Daviglus ML, et al. Accumulated evidence on fish
consumption and coronary heart disease mortality: a meta-analysis of
cohort studies. Circulation 2004;109:2705-11.

. Yuan JM, Ross RK, Gao YT, Yu MC. Fish and shellfish consumption
in relation to death from myocardial infarction among men in
Shanghai, China. Am J Epidemiol 2001:154;809-16.

3. Nakamura Y, Ueshima H, Okamura Y, et al. Association between fish

consumption and all-cause and cause-specific mortality in Japan:
NIPPON DATA 80, 1980-99. Am ] Med 2005;118:239—-45,

10.

1

16.

17.

18.

19.

20.

21.

22,

23

24.

25.

26.

27.

- 182 -

Yamagishi et al. 995

Fish and Mortality From CVD

. Iso H, Kobayashi M, Ishihara ], et al. Intake of fish and n3 fatty acids

and risk of coronary heart discase among Japanese: the Japan Public
Health Center-Based (JPHC) Study Cohort 1. Circulation 2006;113:
195-202.

. Yokoyama M, Origasa H, Matsuzaki M, et al. Effects of eicosapen-

tacnoie acid on major coronary events in hypercholesterolaemic pa-
tients (JELIS): a randomised open-label, blinded end point analysis.
Lancet 2007;369:1090-8.

. He K, Song Y, Daviglus ML, et al. Fish consumption and incidence

of stroke: a meta-analysis of cohort studies. Stroke 2004;35:1538—42.

- Stanley WC, Recchia FA, Okere IC. Metabolic therapies for heart

disease: fish for prevention and treatment of cardiac failure? Cardiovasc
Res 2005;68:175-7.

. Mozaffarian D, Bryson CL, Lemaitre RN, Burke GL, Siscovick DS.

Fish intake and risk of incident heart failure. ] Am Coll Cardiol
2005;45:2015-21.

. Nertleton JA, Steffen LM, Loehr LR, Rosamond WD, Folsom AR.

Diet and the risk of incident heart failure in the Atherosclerosis Risk
in Communities (ARIC) study. ] Am Diet Assoc 2008. In press.
Lee JH, O'Keefe JH, Lavie CJ, Marchioli R, Harris WS, Omega-3
fatty acids for cardioprotecdon. Mayo Clin Proc 2008;83:324-32,
Iso 11, Sata S, Folsom AR, et al. Serum fatty acids and fish intake in
rural Japanese, urban Japanese, Japanese American and Caucasian
American men, Int ] Epidemiol 1989;18:374—81.

. Tamakoshi A, Yoshimura T, Inaba Y, et al. Profile of the JACC study.

J Epidemiol 2005;15 Suppl 1:4-8.

. Date C, Fukui M, Yamamoto A, et al. Reproducibility and validity of

a self-administered food frequency questionnaire used in the JACC
study. ] Epidemiol 2005;15 Suppl 1:9-23,

. Willere WC, Howe GR, Kushi LH. Adjustment for total energy

intake in epidemiologic studies. Am J Clin Nutr 1997,65:12205-8S.

. Wakai K, Iro Y, Kojima M, et al. Intake frequency of fish and serum

levels of long-chain n-3 fatty acids: a cross-sectional study within the
Japan Collaborative Cohort Study. ] Epidemiol 2005;15:211-8.
Greenland S. Introduction to regression models. In: Rothman KJ,
Greenland S, Lash TL, editors. Modern Epidemiology. 3rd edition.
Philadelphia, PA: Lippincott Williams 8& Wilkins, 2008:381-417.
Sauvaget C, Nagano J, Allen N, Grant EJ, Beral V. Intake of animal
products and stroke mortality in the Hiroshima/Nagasaki Life Span
Study. Tnt J Epidemiol 2003;32:536-43.

Iso H, Sato S, Umemura U, et al. Linoleic acid, other fatty acids, and
the risk of stroke. Stroke 2002;33:2086-93.

Keli SO, Feskens EJ, Kromhout D. Fish consumption and risk of
stroke: the Zutphen Study. Stroke 1994;25:328-32.

Gillum RF, Mussolino ME, Madans JH. The relationship between
fish consumption and stroke incidence. The NHANES I Epidemio-
logic Follow-up Study (National Health and Nutrition Examination
Survey). Arch Intern Med 1996;156:537-42.

Iso H, Rexrode KM, Stampfer MJ, et al. Intake of fish and omega-3
fatty acids and risk of stroke in women, JAMA 2001;285:304-12.
He K, Rimm EB, Merchant A, et al. Fish consumption and risk of
stroke in men. JAMA 2002;288:3130-6.

Mozaffarian D, Longstreth WT Jr,, Lemaitre RN, et al. Fish con-
sumption and stroke risk in elderly individuals: the Cardiovascular
Health Study. Arch Intern Med 2005;165:200-6.

Orencia AJ, Daviglus ML, Dyer AR, Shekelle RB, Stamler J. Fish
consumption and stroke in men, 30-year findings of the Chicago
Western Electric Study. Stroke 1996;27:204-9.

Folsom AR, Demissie Z. Fish intake, marine omega-3 fatty acids, and
mortality in a cohort of postmenopausal women. Am ] Epidemiol
2004;160:1005-10.

Leaf A, Kang JX, Xiao YF, Billman GE. Clinical prevention of sudden
cardiac death by n-3 polyunsaturated fatty acids and mechanism of
prevention of arrhythmias by n-3 fish oils, Circulation 2003;
107:2646-52.

Wang C, Harris WS, Chung M, et al. n-3 fatty acids from fish or
fish-oil supplements, but not a-linolenic acid, benefit cardiovascular
disease outcomes in primary- and secondary-prevention studies: a
systematic review, Am J Clin Nutr 2006;84:5-17.

. Mozaffarian D, Rimm EB. Fish intake, contaminants, and human

health: evaluating the risks and benefits, JAMA 2006;296:1885-99.



29.

30.

Yamagishi e al.
Fish and Mortality From CVD

Yamagishi K, Nettleton JA, Folsom AR. Plasma fatty acid composi-
tion and incident heart failure in middle-aged adults: the Atheroscle-
rosis Risk in Communities (ARIC) study. Am Heart ] 2008. In press.
doi: 10.1016/j.ahj.2008.06.017.

Saito 1. Review of death certificate diagnosis of coronary heart disease
and heart failure in Japan. Nippon Koshu Eisei Zasshi (Jpn J Public
Health) 2004;51:909-16.

183

JACC V. 52, No. 12, 2008
September 16, 2008:988-96

31. Saito I, Folsom AR, Acno H, Ozawa H, Ikebe T, Yamashita T.
Comparison of fatal coronary heart disease occurrence based on popula-
tion surveys in Japan and the USA. Int ] Epidemiol 2000;29:837-44.

Key Words: epidemiology ® nutrition ® diet ® prospective study =
population,



NS British Journal of Nutrition

British Journal of Nutrition (2009), page 1 of 8 doi:10.1017/50007114508143586
© The Authors 2009

Fruit, vegetable and bean intake and mortality from cardiovascular disease
among Japanese men and women: the JACC Study

Junko Nagura', Hiroyasu Iso’*, Yoshiyuki Watanabe', Koutatsu Maruyama®, Chigusa Date”,
Hideaki Toyoshima®, Akio Yamamoto®, Shogo Kikuchi®, Akio Koizumi’, Takaaki Kondo®,
Yasuhiko Wada®, Yutaka Inaba®, Akiko Tamakoshi® and the JACC Study group

' Department of Social Medicine & Cultural Sciences, Research Institute for Neurological Diseases & Geriatrics, Kyoto Prefectural
University of Medicine, Kyoto, Japan

*Public Health, Department of Social and Environmental Medicine, Graduate School of Medicine, Osaka University, 2-2
Yamadaoka, Shuita-shi, Osaka 565-0871, Japan

*Faculty of Human Life and Environment, Nara Women's University, Nara 630-8506, Japan

*Department of Public Health/Health Information Dynamics, Fields of Science, Program of Health and Community Medicine,
Nagoya University Graduate School of Medicine, Nagoya 466-8550, Japan

Slnfec!ir)ux Disease Research Division, Infectious Disease Surveillance Center, Hyogo Prefectural Institute of Public Health and
Environmental Sciences, Hyogo 652-0032, Japan

SDepartment of Public Health, Aichi Medical University, Aichi 480-1195, Japan

"Department of Health and Environmental Sciences, Graduate School of Medicine, Kyoto University, Kyoto 606-8501, Japan
8Department of Medical Informatics and Occupational Epidemiology, Japan Labour Health and Welfare Organization, Kansai
Rosai Hospital, Hyogo 660-8511, Japan

*Department of Epidemiology and Environmental Health, School of Medicine, Juntendo University, Tokyo 113-8421, Japan

(Received 16 April 2008 — Revised 2 September 2008 — Accepted 13 Ociober 2008)

To examine the association of plant-based food intakes with CVD and total mortality among Japanese. In the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk, 25206 men and 34 279 women aged 40-79 years, whose fruit, vegetable and bean intakes were assessed by question-
naire at baseline in 198890, were followed for 13 years. Deaths from total stroke, stroke subtypes, CHD and total CVD, according to the Inter-
national Classification for Diseases 10th Revision, were registered. During 756 054 person-years of follow-up, there were 559 deaths from total
stroke, 258 from CHD, 1207 from total CVD and 4514 from total mortality for men, and for women, 494, 194, 1036 and 3092, respectively. Fruit
intake was inversely associated with mortality from total stroke (the multivariable hazard ratio (HR (95% CI)) in the highest v. lowest
quartiles = 0-67 (0-55, 0-81)), total CVD (HR = 0-75 (0-66, 0-85)) and total mortality (HR = 0-86 (0-80, 0:92)). Vegetable intake was inversely
associated with total CVD (HR = 0-88 (0-78, 0-99)). Bean intake was inversely associated with other CVD (HR = 0-79 (0-64, 0-98)), total
CVD (HR = 0-84 (0-74, 0-95)) and total mortality (HR = 0-90 (0-84, 0-96)). Further adjustment for other plant-based foods did not alter the associ-
ation of fruit intake with mortality from total stroke, total CVD and total mortality, but attenuated the associations of vegetables and beans with
mortality risk. In conclusion, intakes of plant-based foods, particularly fruit intake, were associated with reduced mortality from CVD and all
causes among Japanese men and women.

Fruits: Vegetables: Beans: CVD: Mortality

Protective effects of plant-based foods against CVD have been habitually consume more beans than the Westerners, and soya-
suggested by prospective cohort studies in  Western beans, in particular, have recently been highlighted as a pro-
countries'' ™. Fruit and vegetable intakes were associated tective factor for CVD in Western countries™ '™,

with reduced risks of stroke and CHD'“?, and nut intake So far, several Japanese studies have shown inverse associ-
was associated with a reduced risk of CHD"~®. These poten- ations of the fruit, vegetable or bean intake with the risk of
tial effects of plant-based foods need to be examined for Japa-- stroke'''~'*), The Hiroshima/Nagasaki Life Span Study showed
nese, because of their different profiles of CVD and diet. In a protective association of both fruit and vegetable intakes with
Japan, the incidence of stroke is higher than that of CHD, mortality from both ischaemic stroke and intra-parenchymal
and the proportion of haemorrhagic stroke among the stroke haemorrhage''"’. The Shibata Study showed a protective associ-
subtypes is higher than in Western countries'”®’. The Japanese ation of vegetable intake with the incidence of total stroke''™,

Abbreviation: HR, hazard ratio,
* Corresponding author: Professor Hiroyasu Iso, fax +81 6 6879 3919, email iso@pbhel.med .osaka-u.ac jp
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The Japan Public Health Center-based Prospective Study showed
a protective association of fruit intake with the incidence of CVD
for Japanese men and women combined'”, and also showed a
protective association of soya intake with the incidence of cer-
ebral infarction and mortality from CVD for women'®, The
Takayama Study also showed a protective association of veg-
etable intake with mortality from CVD for Japanese women''™.
The Japan Collaborative Cohort Study for Evaluation of Cancer
Risk previously reported the association between plant-based
food intakes and mortality from CVD, cancer and all causes''®,
but these associations were not adjusted for major confounding
factors.

Therefore, no study has examined whether plant-based foods
were associated with CVD, their subtypes and total mortality
systematically in Japan. Such a study in Japanese is also of
value because plant-based food intakes are positively correlated
with saturated fat intake in Japanese'® unlike Western popu-
lations''”'®), and confounding factors may be different from
Western studies. We hypothesised that higher plant-based
food intake had beneficial effects for the prevention of CVD
and their subtypes in general Japanese populations, and we
comprehensively examined the associations of the fruit, veg-
etable and bean intake with mortality from stroke, stroke sub-
types, CHD, total CVD and all causes in a 13-year cohort
study of approximately 60 000 Japanese men and women.

Experimental methods
Subjects

The Japan Collaborative Cohort Study sponsored by Monbusho,
the Ministry of Education, Science, Sports and Culture, began in
1988-90 when 110792 individuals (46465 men and 64 327
women) aged 40-79 years living in forty-five communities
across Japan participated in municipal health screening examin-
ations and completed a self-administered questionnaire about
their lifestyles (habits of smoking and drinking, physical
activity, hours of sleep, education and mental stress) and medical
histories (hypertension, diabetes, CVD and cancer). Informed
consent was obtained before completing the questionnaire. We
excluded 2576 men and 3288 women from the analysis because
of previous history of stroke, CHD or cancer at baseline. Persons
(18683 men and 26760 women) with missing information
regarding the intake of fruits, vegetables and beans were also
excluded, and a total of 25206 men and 34 279 women were
used for the analysis. There was no substantial difference in mor-
tality rates between persons who gave the valid dietary infor-
mation and those who did not; the multivariable hazard ratios
(HR (95 % CI)) for respondents v. non-respondents were 1-08
(098, 1-21) for total stroke, 0-98 (0-83, 1-14) for CHD, 1-04
(0:97, 1-12) for total CVD and 1-02 (098, 1-07) for all
causes. No material differences were also found between
the respondents and non-respondents for BMI, history of hyper-
tension, history of diabetes, smoking, ethanol intake and other
cardiovascular risk characteristics.

Dietary assessment

The self-administered FFQ was conducted to estimate the con-
sumption of thirty-three foods during the past year''®.

The food items were beef, pork, ham or sausage, chicken,
liver, eggs, milk, yogurt, cheese, butter, margarine, deep-fried
foods or tempura, fried vegetables, fresh fish, steamed fish
paste, dried fish or salted fish, spinach or garland chrysanthe-
mum, carrot or pumpkin, tomatoes, cabbage or head lettuce,
Chinese cabbage, edible wild plants, fungi, potatoes, algae,
pickles, preserved foods using soya sauce, boiled beans, tofu,
citrus fruits, fruits excluding citrus varieties, fresh fruit juice in
summer and sweets. Each food had a five-level precoded
answer: ‘rarely eat’; ‘once or twice per month’; ‘once or twice
per week’; ‘three or four times per week’; ‘almost daily’.
Then, we converted the answers ‘rarely eat’ to 0, ‘once or
twice per month’ to 0-375, ‘once or twice per week’ to 1-5,
‘three or four times per week’ to 3-5 and ‘almost daily’ to 7 ser-
vings per d to estimate the average weekly intake of each fruit
(citrus fruits, fruits excluding citrus varieties and fresh fruit
juice in summer), vegetable (spinach or garland chrysanthe-
mum, carrol or pumpkin, tomatoes, cabbage or head lettuce
and Chinese cabbage) and beans (tofu, i.e. soyabean curd, and
boiled beans) for each participant. The average weekly intakes
of individual foods were combined to compute the total fruit,
vegetable and bean intakes.

The reproducibility of the dietary data was confirmed by com-
paring two questionnaires administered 1 year apart for eighty-
five subjects (eight men and seventy-seven women)"'?, The
median (range) values of the Spearman correlation coefficients
were 0-57 (0-55, 0-58) for three items of fruits, 0-63 (0-43,
0-66) for five items of vegetables and 0-62 (0-59, 0-64) for two
items of beans, The validity of the data was confirmed by
comparing the data from the questionnaire with those from
four 3-d dietary records for the cighty-ﬁvc subjects, collected
approximately 3—4 months apart''”. The median values of the
Spearman correlation coefficients were 0-26 (024, 0-39) for
three items of fruits, 0-33 (0-18, 0-45) for five items of vegetables
and 0-40 (0-30, 0-50) for two items of beans. The intakes of
selective nutrients, i.e. cholesterol, saturated, n-3 polyunsatu-
rated and sodium intake, were calculated and adjusted using
the residual method, and used as potential confounding factors
for the analysis.

Mortality surveillance

For mortality surveillance in each community, investigators
systematically reviewed death certificates, all of which were
filed in the public-health centre in the area of residency.
Mortality data were sent centrally to the Ministry of Health
and Welfare and the underlying causes of deaths were coded
for the National Vital Statistics according to the International
Classification for Diseases, 9th Revision from 1988 to 1994
and 10th Revision from 1995 to 2003. Registration of death
is required by the Family Registration Law in Japan, and is
believed to be completed across the country. Therefore, all
deaths that occurred in the cohort were ascertained by
death certificates from the public-health centres, except for
subjects who died after they moved from their original com-
munity, in which case the subject was treated as censored.
The follow-up was conducted until the end of 2003 and
the average follow-up period for the participants was
127 years.

Cause-specific mortality was defined separately for total
stroke (International Classification for Diseases-9 codes
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Table 2. Risk of mortality from stroke, CHD, total CVD and all causes according to quartiles of the frequency of fruit intake

(Hazard ratio (HR) values and 95 % Cl)

Quartiles of fruit intake

Q2 Q3 Q4
Qi1 HR 95% CI HR 95% CI HR 95% CI P for trend

Person-years 187700 178625 223683 166 046
Total stroke

Number 348 258 284 163

Age- and sex-adjusted HR 1-00 0.77 0-66, 0-91 0-68 0-58, 0-80 0-57 0-48, 0-69 <0-001

Multivariable HR* 1-00 0-83 0-71, 0-98 0-79 0-67, 0-92 0-67 0:55, 0-81 <0-001

Multivariable HR{ 1.00 0-81 0-69, 0-96 0-76 0-64, 0-90 0.65 0:53, 0-80 <0-001
Haemorrhagic stroke

Number 130 a3 108 62

Age- and sex-adjusted HR 1-00 0.73 0-56, 0-96 0-67 0-52, 0.87 0-55 0-40, 0-74 <0-001

Multivariable HR* 1.00 079 0-60, 1-03 0.76 0-59, 0-99 0-63 0-46, 0-87 0-004

Multivariable HRt 1.00 0-76 0-58, 1-00 0.72 0-55, 0-95 0-59 0-42, 0-82 0-002
Ischaemic stroke

Number 121 82 102 57

Age- and sex-adjusted HR 1.00 0-71 0-54, 0-95 0.72 0-55, 0-94 0-60 0-44, 0.82 0-002

Multivariable HR* 1-00 0.77 0-58, 1-03 0-85 0-65, 1-12 0.72 0-52, 1-00 0-070

Multivariable HRt 1-00 0.76 0-57, 1-01 0-83 0-63, 1-11 0-71 0-50, 1-00 0-081
CHD

Number 146 116 117 73

Age- and sex-adjusted HR 1.00 0-84 0-66, 1-07 0-69 0-54, 0-88 0-63 0-47, 0-83 <0-001

Multivariable HR* 1.00 0-92 0-72,1-18 0-79 0-62, 1-02 074 0-55, 0-99 0-015

Multivariable HR{ 1-00 0-97 0.75, 1.24 0-84 0-65, 1-10 0.79 0-58, 1-08 0-061
Other CVD

Number 205 173 229 131

Age- and sex-adjusted HR 1-00 0.88 0-72, 1-08 0-94 0.78,1-14 0-78 0-63, 0-98 0-060

Muiltivariable HR* 1-00 0-95 0.77, 117 1.06 0-87,1-29 0-89 0-71,1.12 0-553

Multivariable HRt 1.00 0-99 0-80, 1-22 113 0-92, 1-38 0-96 0-76, 1-23 0.988
Total CVD

Number 699 547 630 367

Age- and sex-adjusted HR 1-00 0-82 0-73, 091 0-76 0-68, 0-85 0-65 0.57, 0.73 <0-001

Multivariable HR* 1-00 0.88 0-79, 0-99 0-87 0-78, 0-97 075 0:66, 0-85 <0-001

Multivariable HRt 1-00 0-90 0-80, 1-00 0-89 0-79, 0-99 0.77 0-67, 0-88 < 0-001
All causes

Number 2284 1824 2158 1340

Age- and sex-adjusted HR 1-00 0-86 0-81, 091 0-83 0.79, 0-89 0-76 0-71, 0-81 < 0-001

Multivariable HR* 1-00 0-91 0-86, 0-97 0-93 0-87, 0.99 0-86 0-80, 0-92 <0-001

Multivariable HRt 1-00 0-92 0-86, 098 0-93 0-87, 099 0-86 0-80, 0-93 <0-001

* Adjusted for sex, age, BMI, smoking status, alcohol intake, hours of walking, hours of sleep, education years, perceived mental stress, cholesterol intake, SFA intake, n-3

fatty acids intake, sodium intake and histories of hypertension and diabetes.
1 Adjusted further for vegetable and bean intakes.

430-438 and International Classification for Discases-10
codes 160-169), CHD (410-414 and I20-125), other
CVD (390-409, 415-429, 439-459, 101-119, 126-159 and
170-199) and total CVD (390-459 and 101-199). Total
stroke was further divided into haemorrhagic stroke (430-
431 and 160-61) and ischaemic stroke (433-434 and 163).
Total mortality was also examined as a reference. The present
study was approved by the Ethical Committee, the Nagoya
University School of Medicine and the University of Tsukuba.

Statistical analysis

Statistical analyses were based on sex-specific mortality
during the follow-up period from 1989 to 2003. For each par-
ticipant, the person-year of follow-up was calculated when
they died or moved out of his or her community or the end
of 2003, whichever was the first. The age- and sex-adjusted
risk of mortality from CVD as well as total mortality was
defined as the corresponding death rate among the participants
according to quartiles of the fruit, vegetable and bean intakes.

The means and proportions of selected cardiovascular risk fac-
tors were calculated according to quartiles of those food
intakes. We calculated the quartile cut-points among
the whole study population and used the lowest quartiles as
the reference categories for the analyses of relative risk
for the second, third and highest quartiles. The HR and their
95% CI were calculated after adjustment for age, sex and
potential confounding factors using the Cox proportional
hazard model. These confounding variables, which were
associated with CVD among Japanese, included BMI (sex-
specific quintiles), smoking category (never, ex- and current
smokers of =19 or =20 cigarettes per d), alcohol intake cat-
egory (never, ex- and current ethanol intake of 1-22, 2345,
46-68 and =69 g/d), hours of walking (rarely, 30, 30-60 and
=60min per d), sports (<1 and =1h per week), education
(<10, 10-12, 13-15 and =16 years), perceived mental
stress (low, medium and high), history of hypertension or dia-
betes and scx-specific quartiles of dietary cholesterol, SFA,
n-3 PUFA and sodium intake (sex-specific quartiles). Since
the plant-based foods have little of those nutrients, the
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Table 3. Risk of mortality from stroke, CHD, total CVD and all causes accordin

(Hazard ratio (HR) values and 95 % Cl)

g to quartiles of the frequency of vegetable intake

Quartiles of vegetable intake

Q2 Q3 Q4
Q1 HR 95% CI HR 95% Cl HR 95% CI P for trend

Person-years 185787 193546 180543 196177
Total stroke

Number 258 245 254 296

Age- and sex-adjusted HR 1-00 0-93 0-78, 1-10 0-97 0-81, 1-15 091 0-77,1-08 0-349

Multivariable HR* 1.00 0.97 0-82,1.16 1-04 0-87, 1-24 0.97 0-81, 1-16 0-790

Multivariable HRt 1.00 1.02 0-85, 1.22 111 092, 1.34 1-09 0-90, 1.33 0-256
Haemorrhagic stroke

Number 98 101 76 118

Age- and sex-adjusted HR 1-00 099 0-75, 1-31 0-76 0-56, 1-02 0.98 075, 1.28 0-720

Multivariable HR* 1.00 1-06 0-80, 1-40 0-84 0-62, 1-14 110 0-82, 1.48 0-638

Multivariable HRT 1.00 1-09 0-82, 1.45 0-88 0-64, 1.21 1.22 0-89, 1-66 0.235
Ischaemic stroke

Number 92 74 98 98

Age- and sex-adjusted HR 1.00 0-79 0.58, 1-07 1.05 0.79,1.39 0-84 0-63, 1-12 0-492

Multivariable HR* 1-00 0-83 061,113 114 0-85, 1.54 0-91 0.67,1-24 0-884

Multivariable HRT 1-00 0-87 0-64, 1.20 1.24 0.91,1.70 1.03 0-74,1.43 0-591
CHD

Number 140 105 96 i1

Age- and sex-adjusted HR 1.00 0-74 057, 0-95 0-69 0-53, 0-89 0-65 0.51, 0-84 0.002

Multivariable HR* 1-00 0-79 0-61, 1.02 0-78 0-60, 1-02 077 0-58, 1-00 0.079

Multivariable HRt 1-00 0-82 0-63, 1.07 0-83 063, 1-10 085 0-64, 1-14 0-376
Other CVD

Number 207 176 156 199

Age- and sex-adjusted HR 1-00 0-83 0-68, 1-01 0.74 0-60, 0-91 0-76 0-62, 0-92 0-067

Multivariable HR* 1-00 0-88 0-72, 1.08 0-81 0-66, 1.01 0-85 0-69, 1.05 0-138

Multivariable HRt 1-00 089 072, 1-10 0-82 0-66, 1-03 0-87 0-70, 1-10 0-299
Total CVD

Number 605 526 506 606

Age- and sex-adjusted HR 1.00 0-85 0:76, 0-95 0-82 0-73, 0.93 0-80 0-71, 0-89 <0-001

Multivariable HR* 1-00 0-90 0-80, 1.01 0-90 0-80, 1.02 0-88 0-78, 0-99 0-069

Multivariable HRt 1-00 0-93 0-82, 1.05 0.95 0-83, 1.08 0.96 0-84, 1.10 0-835
All causes

Number 1983 1786 1745 2092

Age- and sex-adjusted HR 1-00 0-89 0-84, 0-95 0-90 0-84, 0-95 0-90 0-85, 0-96 0:007

Multivariable HR* 1.00 0-93 0-87, 0-99 0-96 09, 1.02 097 091, 1.04 0.762

Multivariable HRt 1-00 0-95 0-89, 1.02 0-99 0-93, 1.06 1-03 0-96, 1-10 0-188

* The same variables as shown in the footnote of Table 2.
t Adjusted further for fruit and bean intakes.

adjustment for them is justified. Further adjustment for other
plant-based foods was also conducted for another multivari-
able model. A test for trend was used Lo assess statistical sig-
nificance across exposure categories by including ordinal
terms for each of the four categories and entering the variable
as a continuous term in the model. A test for effect modifi-
cation by sex was conducted using an interaction term gener-
ated by multiplying the fruit, vegetable and bean intakes by
sex. A P value of <0.05 was considered to be significant.

Results

Among the 25206 men and 34 279 women followed up for an
average of 12-7 years, 1207 men and 1036 women died from
CVD, and 4514 men and 3029 women died from all causes.
The deaths among men included 559 from stroke (128 intra-
parenchymal haemorrhages, 52 subarachnoid haemorrhages
and 214 ischaemic strokes) and 258 from CHD. The respective
numbers of deaths among women were 494 (104, 109 and
148) and 194.

188

Table 1 shows selected cardiovascular risk factors by fruit,
vegetable and bean quartile. The participants with higher fruit
intake smoked less, had lower mean ethanol intake, walked
more and had higher education. The participants with higher
vegetable intake were older, smoked less, had lower mean
ethanol intake, walked more and had higher education. The
participants with higher bean intake were older, smoked
less, walked more and had higher education. The participants
with higher intakes of fruit, vegetable and bean had higher
mean intakes of total energy, cholesterol, n-3 fatty acids and
sodium.

The associations of the fruit, vegetable and bean intakes
with mortality from stroke, CHD, total CVD and all causes
did not vary by sex (P for interaction >0-05). Thus, we
combined men and women in the present study. Table 2
shows the sex- and age-adjusted and multivariable HR of mor-
tality from stroke, CHD and total CVD, as well as total mor-
tality according to quartiles of fruit intake. There were inverse
associations of fruit intake with age- and sex-adjusted
mortality from total stroke, haemorrhagic stroke, total CVD
and total mortality. After adjustment for cardiovascular risk
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Table 4. Risk of mortality from stroke, CHD, total CVD and all causes according to quartiles of the frequency of bean intake

(Hazard ratio (HR) values and 95 % Cl)

Quartiles of bean intake

Q2 Q3 Q4
Qi1 HR 95% ClI HR 95% CI HR 95% ClI P for trend

Person-years 191279 198 098 156 448 210229
Total stroke

Number 238 266 261 288

Age- and sex-adjusted HR 1-00 1.01 0-85, 1-21 1-06 0-89, 1-26 0-86 0-73, 1-02 0-046

Multivariable HR* 1-00 1-00 0-84, 1-19 110 0-92, 1-32 0-90 0-75, 1-08 0-188

Multivariable HRt 1-00 1-02 0-85, 1.22 114 0-95, 1-38 0-95 0-79, 1-16 0-496
Haemorrhagic stroke

Number 88 100 99 106

Age- and sex-adjusted HR 1-00 1-05 0-79, 1-40 116 0-87, 1.55 0-90 0-68, 1-20 0-400

Multivariable HR* 1-00 1-06 0-80, 1-42 1.26 0-94, 1-69 1.03 0-77, 1-40 0-857

Multivariable HRT 1-00 1-10 0-82, 1-47 1.34 0-98, 1.82 111 0-80, 1-52 0-620
Ischaemic stroke

Number 85 90 84 103

Age- and sex-adjusted HR 1-00 0-96 0.71,1.29 092 0-68, 1-25 0-85 0-63, 113 0-210

Multivariable HR* 1.00 0-94 0-69, 1-26 0-96 0-70, 1-31 0-88 0-64, 1-19 0-389

Multivariable HRt 1.00 0-95 0.70, 1-29 0-98 0-71,1-35 0-92 0-66, 1-26 0.554
CHD

Number 123 115 97 117

Age- and sex-adjusted HR 1-00 0-85 066, 1-10 0-78 0-59, 1.01 070 0-54, 0-90 0-006

Multivariable HR* 1-00 0-90 0-69, 1-16 0-85 065, 1-12 0-80 0-61, 1-05 0-124

Multivariable HRt 1-00 0.93 0-72, 1.21 0.92 0-69, 1-23 0-88 0-66, 1-18 0-407
Other CVD

Number 195 169 175 199

Age- and sex-adjusted HR 1-00 0-78 0-64, 0-96 0-86 0-70, 1-06 0.72 0-59, 0-88 0-020

Multivariable HR* 1-00 0-80 0-65, 0-99 093 0-75,1-16 0-79 0-64, 0-98 0-097

Multivariable HRt 1.00 0-82 0-66, 1-01 0-96 077,119 0-82 0-65, 1-02 0-196
Total CVD

Number 556 550 533 604

Age- and sex-adjusted HR 1-00 0-90 0-80, 1-01 0-93 0-82, 1-05 0-78 0-69, 0-87 <0-001

Multivariable HR* 1-00 0-91 081, 1. 0-99 087,112 0-84 0-74, 0-95 0:010

Multivariable HR{ 1-00 093 0-82, 1.05 1-03 091,117 0-89 0-78, 1-01 0106
All causes

Number 1883 1868 1741 2114

Age- and sex-adjusted HR 1.00 0.92 0-86, 0-98 0.94 0-88, 1.01 0-86 0-80, 0:91 <0-001

Multivariable HR* 1-00 0.94 0-88, 1-00 0-99 0.92, 1.06 0.90 0-84, 0-96 0-006

Multivariable HRt 1-00 095 0-89, 1-01 1-00 094, 1.08 0.92 0-86, 0.98 0-025

*The same variables as shown in the footnote of Table 2.
1 Adjusted further for fruit and vegetable intakes.

factors, these associations were attenuated slightly but
remained statistically significant. The multivariable HR
(95% CI) of total stroke, haemorrhagic stroke, total CVD
and total mortality in the highest v. lowest quartiles of fruit
intake were 0-67 (0-55, 0-81, P for trend<0-001), 0-63 (0-46,
0-87, P for trend=0-004), 075 (0-66, 085, P for
trend<0-001) and 0-86 (0-80, 092, P for trend<0-001).
These inverse associations did not alter materially when we
adjusted further for vegetable and bean intakes.

Table 3 shows the sex- and age-adjusted and multivariable
HR according to quartiles of vegetable intake. Vegetable
intake was inversely associated with sex- and age-adjusted
mortality from CHD, total CVD and total mortality; after
adjustment for cardiovascular risk factors, these associations
were weakened but the association with CHD remained stat-
istically significant, that with CVD was borderline statistically
significant, but that with total mortality was no longer statisti-
cally significant. The multivariable HR (95 % CI) of CHD and
total CVD in the highest v. lowest quartiles of vegetable intake
were 0-77 (0-58, 1-00, P for trend = 0-08) and 0-88 (0-78, 0-99,
P for trend = 0-07).

Table 4 shows the sex- and age-adjusted and multivariable
HR according to quartiles of bean intake. Bean intake was
inversely associated with sex- and age-adjusted mortality
from total stroke, CHD, other CVD, total CVD and total mor-
tality. After adjustment for cardiovascular risk factors, these
associations were weakened, and were no longer statistically
significant except for other CVD, total CVD and total mor-
tality. The respective multivariable HR in the highest v.
lowest quartiles of bean intake were 0-79 (0-64, 0-98, P for
trend = 0-10), 0-84 (0-74, 0-95, P for trend= 0-01) and 0-90
(0-84, 0:96, P for trend = 0-01). After further adjustment for
fruit and vegetable intakes, these inverse associations
became weak and were of borderline statistical significance.

Discussion

In the present large prospective study of Japanese men and
women, we found inverse associations of plant-based food
intake with mortality from CVD after adjustment for cardio-
vascular risk factors. High fruit intake was associated with
reduced mortality from haemorrhagic and total stroke, total

— 189 -
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CVD and all causes; vegetable intake tended to be associated
with reduced mortality from CHD, total CVD and all causes;
bean intake was associated with reduced mortality from total
CVD as well as total mortality.

Further adjustment for other plant-based foods did not alter
the association of fruit intake with mortality, but attenuated
the associations of vegetable and bean intakes with mortality.
The weakened associations, however, do not necessarily
negate potential protective effects of vegetable and bean
intakes, because those intakes were moderately correlated
with fruit intake: the Spearman correlation coefficients of veg-
etable and bean intakes were 0-36 and 0-28, respectively. It is
possible that vegetable or bean intake is merely a surrogate for
fruit intake in the present study.

The meta-analysis of eight cohort studies showed that veg-
etable and fruit intakes were associated with a reduced risk of
stroke'", and several Japanese cohort studies also showed that
intakes of vegetables, fruits and soya were associated with a
reduced risk of stroke'"'*'. The present study showed
that intakes of fruits, but not vegetables and beans, were
associated with a reduced risk of stroke.

The meta-analysis for studies of Western countries showed
that vegetable, and fruit intakes were associated with a
reduced risk of CHD®, The present study added the evidence
on fruit intake and reduced mortality from CHD in Japanese.

A recent Japanese study reported that soya intake was
associated with a reduced risk of ischaemic stroke and myo-
cardial infarction''". The present study extends the evidence
that bean intake was associated with reduced mortality from
total CVD and all causes.

As for the mechanisms for the inverse association between
fruit intake and CVD, vitamin C reduces the lipid oxidation of
LDL-cholesterol®™ and enhances the formation of endothelial
prostacyclin that decreases vascular tone and inhibits platelet
aggregation'*", Potassium, magnesium, calcium, fibre and
folate exert the beneficial effects described previously'®*~*¥,

The protective effects of soyabean intake on CVD are now
highlighted in Western countries, based on epidemiological
studies that showed a lower incidence of CVD in Asian popu-
lations consuming soya foods as a dietary staple compared
with those who consumed a typical Western diet®1%-26%7),
Some clinical trials in Weslern countries that failed to detect
the protective association led to the speculation that only
high levels of habitual intake exerted the beneficial
effects''”*”), and research into populations with a high level
of intake was required. In the Japan Collaborative Cohort
Study, we did not ask about the intake of soyabeans specifi-
cally, but the present finding of the inverse association
between bean intake and mortality from total CVD would
suggest a cardio-protective effect of soyabeans, because they
are the most common beans eaten in Japan™".

There are several mechanisms for the inverse association
between bean intake and CVD. Potassium, calcium and
fibre, which are plentiful in beans, may play a role in lower-
ing blood pressure™**. Potassium also inhibits platelet
aggregation™, and fibre, isoflavones, soya protein and sapo-
nins help lower total cholesterol levels”?*. Isoflavones also
enhance antioxidant activity and improve arerial stiff-
ness™**. Folate, which is also plentiful in beans, lowers
serum homoc{ysleine levels, a correlate for arterial endothelial
dysfunction‘®.
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Some limitations warrant discussion. First, the food fre-
quency questionnaire used in the present study had high repro-
ducibility but low-to-moderate validity for the estimation of
the fruit, vegetable and bean intakes. Thus, some non-differen-
tial misclassification would be 1o weaken the diet—discasc
association. Second, a number of subjects were excluded
because they did not respond sufficiently to the FFQ. How-
ever, a potential selection bias may be small because of no
difference in mortality and cardiovascular risk characteristics
between persons who responded to the food frequency ques-
tionnaire and those who did not.

Healthy behaviours associated with plant-based food intake
might confound the association with mortality from CVD.
Non-smoking, appropriate alcohol intake, more physical
activity and higher education are potential confounders in
the present study. However, after adjustment for these con-
founding variables, the associations with mortality from
CVD remained statistically significant, suggesting that inde-
pendent effects of plant-based foods exist for the prevention
of CVD. Residual confounding and the contribution of other
unexamined factors, however, were not negated.

In conclusion, fruit intake was inversely associated with
mortality from stroke, total CVD and all causes, and bean
intake was also inversely associated with mortality from
total CVD and all causes among Japanese men and women.
The present findings suggest the potential for beneficial
effects of plant-based food intake for the prevention of CVD
in general populations.
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Relations between dietary sodium and potassium intakes and
mortality from cardiovascular disease: the Japan Collaborative
Cohort Study for Evaluation of Cancer Risks'™

Mitsumasa Umesawa, Hiroyasu Iso, Chigusa Date, Akio Yamamoto, Hideaki Toyoshima, Yoshiyuki Watanabe, Shogo
Kikuchi, Akio Koizumi, Takaaki Kondo, Yutaka Inaba, Naohito Tanabe, Akiko Tamakoshi, and the JACC Study Group

ABSTRACT

Background: Limited evidence is available about the relations be-
tween sodium and potassium intakes and cardiovascular disease in
the general population.

Objective: The objective was to investigate relations between so-
dium and potassium intakes and cardiovascular disease in Asian
populations whose mean sodium intake is generally high.

Design: Between 1988 and 1990, a total of 58 730 Japancse subjects
(n =23 119 men and 35 611 women) aged 40~79 y with no history
of stroke, coronary heart disease, or cancer completed a lifestyle
questionnaire including food intake frequency under the Japan Col-
laborative Cohort Study for Evaluation of Cancer Risk sponsored by
the Ministry of Education, Sports and Science.

Results: Afier 745 161 person-years of follow-up, we documented
986 deaths from stroke (153 subarachnoid hemorrhages, 227 intra-
parenchymal hemorrhages, and 510 ischemic strokes) and 424
deaths from coronary heart disease. Sodium intake was positively
associated with mortality from total stroke, ischemic stroke, and total
cardiovascular disease. The multivariable hazard ratio for the high-
est versus the lowest quintiles of sodium intake after adjustment for
age, sex, and cardiovascular disease risk factors was 1.55 (95% CI:
1.21, 2.00; P for trend < 0.001) for total stroke, 2.04 (95% CI: 1.41,
2.94; P for trend < 0.001) for ischemic stroke, and 1.42 (95% CI:
1.20, 1.69; P for trend < 0.001) for total cardiovascular disease.
Potassium intake was inversely associated with mortality from cor-
onary heart disease and total cardiovascular disease. The multivari-
able hazard ratio for the highest versus the lowest quintiles of po-
tassium intake was 0.65 (95% CI: 0.39, 1.06; P for trend = 0.083) for
coronary heart disease and 0.73 (95% CI: 0.59, 0.92; P for trend =
0.018) for total cardiovascular disease, and these associations were
more evident for women than for men.

Conclusions: A high sodium intake and a low potassium intake may
increase the risk of mortality from cardiovascular disease. AmJ
Clin Nutr 2008;88:195-202.

INTRODUCTION

Several epidemiologic studies conducted in Western countries
have shown that a high sodium intake was associated with an
increased incidence of stroke among overweight adults (1),
whereas a high potassium intake was associated with a reduced
risk of stroke (2-5). A high sodium intake was also associated
with an increased risk of mortality from coronary heart disease
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(1), whereas potassium intake was not associated with the risk of
coronary heart disease (5). In Asian countries, a 7-y prospective
study of Japanese showed a positive association between sodium
intake and mortality from stroke (6), but the associations of
sodium and potassium intakes with the risk of coronary heart
disease were not reported.

Mean sodium intake has been shown to be higher in the Jap-
anese (7) than in whites (8), probably because traditional Japa-
nese diets are rich in soybean paste, soy sauce, and salty pickles,
and the mortality rate from stroke has been shown to be higher in
Japan than in many Western countries (9). According to the
INTERSALT Study, 24-h urinary sodium excretion is 167-201
mmol/d in the Japanese and is 96137 mmol/d in Americans,
whereas the respective potassium excretion rates are 41-46 and
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23-52 mmol/d, respectively (10). To examine the relations of
sodium and potassium intakes with cardiovascular disease in the
Japanese is of public health importance.

The aim of the present study was to determine the associations
of dietary intakes of sodium and potassium with the mortality risk
related to total stroke, stroke subtypes, coronary heart disease,
and total cardiovascular disease in a large prospective study of
Japanese men and women. Our a priori hypothesis was that
sodium intake is positively associated, and potassium intake is
inversely associated, with mortality from total stroke, each stroke
subtype, coronary heart disease, and total cardiovascular disease.

SUBJECTS AND METHODS

Subjects

The Japan Collaborative Cohort (JACC) Study for Evaluation
of Cancer Risks, sponsored by the Ministry of Education, Sports
and Science, was conducted from 1988 to 1990. A total of
110 792 subjects (n = 46 465 men and 64 327 women) aged
40-79 y of age completed self-administered questionnaires
about their lifestyles and medical histories related to hyperten-
sion, diabetes, stroke, myocardial infarction, and cancer. The
population sample was from 45 communities across Japan, and
most of the participants underwent questionnaires and municipal
health screening examinations according to the Health Law for
the Aged in their communities (11, 12). The sampling methods
and protocols of the JACC Study were described in detail pre-
viously (11). We excluded from analysis 16 109 subjects (n =
4683 men and 11 426 women) with a medical history of stroke,
coronary heart disease, or cancer. Of the remaining 94 683 sub-
jects, 58 730 (n = 23 119 men and 35 611 women) provided
valid responses to the dietary questionnaires and were enrolled in
the present study.

Mortality surveillance

For mortality surveillance in each area, investigators unaware
of the results of questionnaires reviewed death certificates for
target populations in each surveyed area, all of which were for-
warded to the public health center in the area of residency. Mor-
tality data were sent centrally to the Ministry of Health and
Welfare, and the underlying cause of death was coded according
to the International Classification of Disease (ICD), 9th revision,
from 1988 to 1994 or according to the 10th revision from 1995 to
2003 for the National Vital Statistics in Japan. The classifications
of stroke subtypes and coronary heart disease were based on the
ICD codes. The registration of death is required by the Family
Registration Law and is believed to be followed across Japan.
Therefore, all deaths that occurred in the cohort were ascertained
by death certificates from a public health center, except for sub-
jects who died after they had moved from their original commu-
nity, in which case the subject was treated as a censored case
when they moved out. Of the total of 58 730 subjects, 2487
(4.2%) moved out. The follow-up was conducted until the end of
2003, except for 5 areas (n = 7237 subjects), where follow-up
was lerminated at the end of 1999. The average follow-up period
for the participants was 12.7 y. The present study was approved
by the ethics committees of Nagoya University School of Med-
icine and University of Tsukuba.

Calculation of sodium and potassium intakes

Each participant was asked to record the frequency of the
intake of 35 foods. The response was based on the usual food
intake for the past year. Five responses were possible for each
food item: “rarely,” “1-2 d/mo,” “1-2 d/wk.” “3—4 d/wk,” and
“almost every day”. The consumption of each food item was
calculated by multiplying the frequency score of consumption of
each food by 0, 0.38, 1.5, 3.5, and 7/wk, respectively. Each
portion size was estimated from a validation study conducted in
85 of the baseline participants. The reproducibility and validity
of this dietary questionnaire were reported elsewhere (13). The
average daily intake of nutrients and total energy was calculated
by multiplying the frequency of consumption of each item with
its nutrient content and energy per serving and totaling the nu-
trient intake for all food items. The energy-adjusted nutrient
intakes were calculated by the residual method. The Spearman
rank correlation coefficients between the food-frequency ques-
tionnaire (FFQ) and four 3-d dictary records were 0.36 for so-
dium intake and 0.43 for potassium intake for 85 individuals in
the validation study. The estimated mean sodium intake was 83
mmol/d from the questionnaire and 167 mmol/d from four 3-d
dietary records under the validation study. The respective mean
values of potassium intake were 55 and 70 mmol/d. Thus, we
calculated calibrated intakes of sodium and potassium, multi-
pliedby 2.0 and 1.3, respectively. The Spearman rank correlation
coefficients between 2 FFQs conducted 1 y apart were 0.73 for
sodium intake and 0.78 for potassium intake.

Statistical analysis

Statistical analysis was based on age- and sex-adjusted mor-
tality rates of stroke and coronary heart disease during the
follow-up period from 1989 to 2003. For each participant, the
person-years of follow-up were calculated from the date that the
baseline questionnaire was completed until the time of death, the
participant moved out of the community, or the end of 2003 or
1999, whichever occurred first. Age- and sex-adjusted hazard
ratios of mortality from stroke and coronary heart discase were
defined as the death rate among participants according to quin-
tiles of sodium and potassium intakes: <62, 62—80, 80-98,
98118, and >118 mmol/d for uncalibrated sodium intake and
<40, 40-48, 48-54, 54—62, and >62 mg/d for uncalibrated
polassium intake.

Age- and sex-adjusted median and mean values and propor-
tions of selected cardiovascular disease risk factors were pre-
sented according to quintiles of dietary intakes of sodium and
potassium. The age- and sex-adjusted and multivariable-
adjusted hazard ratios and their 95% Cls were calculated by using
the Cox proportional hazard model. We conducted tests for trend
across quintiles of sodium and potassium intakes by assigning
median values of each quintile and testing the significance of this
variable. These confounding variables for the multivariable ad-
justment included body mass index (BMI; in kg/m?; sex-specific
quintiles), smoking status (never, ex-smoker, and current smok-
ersof 1 to 19 or =20 cigarettes/d), alcohol intake category (never,
ex-drinker, and current ethanol drinkers of 1 to 22, 23 to 45, 46
to 68, or =69 g/d), history of hypertension (yes or no), history of
diabetes (yes or no), menopause (yes or no), hormone-
replacement therapy (yes or no), time spent in physical activity
(never, 1-2, 3—4, and =5 h/wk), walking time (never and =30,
30-60, or =60 min/d), educational status (educated untl 12,
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13-15, 16—18, and =19 y of age), perceived mental stress (low,
median, high, or extremely high), and calcium intake (quintiles).

Another multivariable model, after further adjustment for
other electrolyte intakes, was constructed to examine an inde-
pendent effect of sodium or potassium intake on mortality. We
tested the interaction of sodium or potassium intake with sex by
using an interaction term generated by multiplying the median of
each quintile of sodium or potassium intake with sex. There were
no significant sex interactions between them except for the as-
sociation between potassium intake and risk of mortality from
coronary heart disease (P = 0.04) and total cardiovascular dis-
case (P = 0.03). We presented the sex-specific results of these
endpoints as well,

We also examined the association between sodium intake and
risk of mortality from cardiovascular disease stratified by BMI,
because salt sensitivity could be enhanced by overweight (14).
We divided subjects into 2 groups: BMI < 25 (n = 46 888
subjects) and BMI = 25 (n = 11 842 subjects) and examined the
multivariable hazard ratios associated with a 100-mmol incre-
ment in uncalibrated dairy sodium intake.

197

Cause-specific mortality was determined by total deaths due to
stroke (ICD codes 430—438, 9th revision; ICD, 10th revision,
codes 160-169), coronary heart disease (codes 410—414 and
120-125), and total cardiovascular diseases (codes 390—459 and
101-199). Stroke was further categorized into subarachnoid hem-
orthage (codes 430 and 160), intraparenchymal hemorrhage
(codes 431 and code 161), and ischemic stroke (codes 433—434
and 163 and 1693). We used SAS version 8.02 software (SAS
Institute Inc, Cary) for all analyses. P values < 0.05 were re-
garded as statistical significance.

RESULTS

Of the cohort followed up for an average 12.7 y, we docu-
mented 500 deaths caused by stroke (n = 47 subarachnoid hem-
orrthage, 118 intraparenchymal hemorrhage, 289 ischemic
stroke, and 46 undetermined type of stroke) for men and 486 for
women (n = 106 subarachnoid hemorrhage, 109 intraparenchy-
mal, 221 ischemic stroke, and 50 undetermined type of stroke)
and 233 deaths caused by coronary heart disease for men and 191

TABLE 1
Baseline characteristics and risk factors according to quintiles of sodium and potassium intakes
Quintile of intake
1 (low) 2 3 4 5 (high)

Sodium
No. of subjects 11746 11 746 11746 11 746 11 746
Sodium intake (mmol/d)*? 5015 FaES 90 +5 109 £ 6 135+ 18
Calibrated sodium intake (mmol/d)’-* 101 + 30 146 + 11 182 + 11 220+ 12 272 + 36
Age (v)* 55+ 10 56 + 10 56 £ 10 56 + 10 58+ 10
Men (%) 55 36 37 36 33
Mean BMI (kg/m?)°* 228 piodl s 22.7 229 23.0
Current smokers (%)’ 28 25 24 24 23
Current drinkers (%)* 49 46 45 42 40
History of hypertension (%)" 15 15 15 14 13
History of diabetes (%)” 3 3 3 3 2
Menopause (% of women) 62 63 63 64 67
Hormone replacement therapy (% of women) 5 5 4 4 4
Energy intake (kcal/d)’ 1496 + 452 1287 + 414 1356 + 421 1398 + 397 1466 + 420
Potassium intake (mmol/d)’ 39+11 47 £ 10 51410 55+ 10 61 £ 11
Calcium intake (mmol/d)’ 8+3 1M+3 12+3 13+3 14+ 3

Potassium
No. of subjects 11746 11746 11 746 11 746 11 746
Potassium intake (mmol/d)”? 35+6 4 +2 514 2 5842 68 + 6
Calibrated potassium intake (mmol/d)’ 44 + 8 56 + 3 65+ 2 73+ 3 86 + 8
Age (y)* 55 £ 10 56+ 10 56+ 10 57+ 10 58 + 10
Men (%) 67 44 35 29 23
Mean BMI (kg/m”)* 22.8 228 228 229 229
Current smokers (%)° 30 25 24 23 22
Current drinkers (%)’ 53 45 43 40 39
History of hypertension (%)* 15 15 14 14 13
History of diabetes (%)’ 2 3 3 3 3
Menopause (% of women) 61 63 64 64 66
Hormone replacement therapy (% of women) 4 4 5 4 5
Energy intake (kcal/d)’ 1512 + 496 1308 = 439 1305 £ 404 1365 + 380 1501 + 377
Sodium intake (mmol/d)’ 60 + 28 80 + 26 9 +27 103 + 27 119 + 29
Calcium intake (mmol/d)’ 7+2 10+2 122 13+2 150

! All values are medians + SD.

? Values are from food-frequency questionnaires.
* Calibrated values are from a validation study.

“ All values are @ + SD,

¥ Age- and sex-adjusted.
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for women. In total, there were 986 cases of stroke and 424 cases
of coronary heart diseases.

Age- and sex-adjusted selected cardiovascular disease risk
factors and cation intakes according to quintiles of dietary intakes
of sodium and potassium are shown in Table 1. Compared with
persons in the lowest quintile of dietary sodium intake, those in
the highest quintile were older, had a lower prevalence of current
smokers and drinkers, and had a higher prevalence of meno-
pause. On the other hand, persons in the highest quintile of
potassium intake were older, had a lower prevalence of current
smokers and drinkers, and had a higher prevalence of menopause
than did persons in the lowest quintile.

Age- and sex-adjusted and multivariable hazard ratios (and
95% CT) of mortality from total stroke, stroke subtypes, coronary
heart discase, and total cardiovascular disease according to quin-
tiles of sodium intake are shown in Table 2. Even after adjust-
ment for cardiovascular disease risk factors and potassium in-
take, sodium intake was positively associated with mortality
from total stroke, ischemic stroke, and total cardiovascular dis-
ease. These associations were slightly strengthened after further

TABLE 2

adjustment for potassium intake. The multivariable hazard ratios
with highest versus lowest quintiles of sodium intake were 1.55
(95% CI: 1.21,2.00) for total stroke, 2.04 (95% CI: 1.41,2.94) for
ischemic stroke, and 1.42 (95% CI: 1.20, 1.69) for total cardio-
vascular disease (Table 2), and those associated with a 100-mmol
increment in uncalibrated daily sodium intake were 1.83 (95%
CI: 1.45, 2.32), 2.38 (95% CI: 1.71, 3.30), and 1.58 (95% CI:
1.34, 1.87), respectively (data not shown in the table). The asso-
ciation between sodium intake and mortality from intraparen-
chymal hemorrhage was of borderline statistical significance (P
for trend = 0.079).

Age- and sex-adjusted and multivariable hazard ratios (and
95% Cls) of mortality from total stroke, stroke subtypes,
coronary heart disease, and total cardiovascular disease ac-
cording to quintiles of potassium intake are shown in Table 3.
Potassium intake was inversely associated with age- and sex-
adjusted mortality from total stroke, intraparenchymal hem-
orrhage, coronary heart disease, and total cardiovascular dis-
case; however, after adjustment for cardiovascular disease
risk factors, these associations were no longer statistically

Hazard ratios (HRs) and 95% Cls of mortality from stroke, coronary heart disease, and total cardiovascular disease according to quintiles of sodium intake

Quintile of sodium intake

P for
1 (low) 2 3 4 5 (high) trend’
No. of subjects 11 746 11 746 11746 11 746 11 746
Person-years 144 328 145123 149 572 153 158 152 980
Total stroke
n 154 144 193 230 265
Age- and sex-adjusted HR 1.00 (.88 (0.70, 1.11) 1.10 (0.89, 1.36) 1.19 (0.97, 1.46) 1.18 (0.97, 1.45) 0.009
Maultivariable HR? 1.00 0.94 (0.75, 1.19) 1.23 (0.98, 1.54) 1.39(1.10, 1.75) 1.51 (1.18, 1.92) <0.001
Multivariable HR? 1.00 0.96 (0.76, 1.22) 1.26 (1.00, 1.59) 1.42(1.12, 1.80) 1.55 (1.21,2.00) <0.001
Intraparenchymal hemorrhage
n 48 32 46 44 57
Age- and sex-adjusted HR 1.00 0.66 (0.42, 1.04) 0.88 (0.59, 1.33) 0.78 (0.52, 1.18) 0.91 (0.62, 1.35) 0.969
Multivariable HR? 1.00 0.73 (0.46, 1.16) 1.07 (0.69, 1.66) 1.03 (0.65, 1.63) 1.38 (0.85, 2.23) 0.088
Multivariable HR? 1.00 0.73 (0.46, 1.17) 1.08 (0.69, 1.68) 1.04 (0.65, 1.66) 1.40 (0.86, 2.23) 0.079
Subarachnoid hemorrhage
n 28 24 27 39 35
Age- and sex-adjusted HR 1.00 0.76 (0.44, 1.32) 0.81 (0.48, 1.38) 1.09 (0.67, 1.78) 0.90 (0.54, 1.49) 0.823
Multivariable HR? 1.00 0.73 (0.41, 1.28) 0.77 (0.44, 1.36) 1.06 (0.61, 1.84) 0.97 (0.54, 1.77) 0.585
Multivariable HR? 1.00 0.74 (0.42, 1.32) 0.79 (0.45, 1.41) 1.09 (0.62, 1.92) 1.01 (0.54, 1.86) 0.530
Ischemic stroke
n 61 73 106 125 145
Age- and sex-adjusted HR 1.00 1.11 (0.79, 1.56) 1.49 (1.09, 2.04) 1.57 (1.15,2.13) 1.51(1.11, 2.04) 0.002
Multivariable HR? 1.00 1.23 (0.86, 1.74) 1.73(1.24,2.43) 1.94 (1.37,2.74) 2.00 (1.40, 2.87) <0.001
Multivariable HR' 1.00 1.25 (0.88, 1.77) 1.76 (1.25, 2.49) 1.97 (1.39, 2.80) 2.04 (1.41,2.94) <0.001
Coronary heart disease
n 83 72 82 88 99
Age- and sex-adjusted HR 1.00 0.84 (0.61, 1.15) 0.88 (0.65, 1.20) 0.86 (0.63, 1.16) 0.84 (0.62, 1.13) 0.338
Multivariable HR? 1.00 0.89 (0.64, 1.23) 0.99 (0.71, 1.37) 1.01 (0.72, 1.43) 1.10 (0.77, 1.58) 0.428
Multivariable HR? 1.00 0.92 (0.66, 1.28) 1.05 (0.75, 1.46) 1.09 (0.77, 1.54) 1.19 (0.82,1.73) 0.230
Total cardiovascular disease
n 338 344 402 463 540
Age- and sex-adjusted HR 1.00 0.96 (0.83, 1.12) 1.04 (0.90, 1.20) 1.08 (0.94, 1.25) 1.09 (0.95, 1.25) 0.073
Multivariable HR’ 1.00 1.02 (0.87, 1.19) 1.15(0.98, 1.34) 1.24 (1.06, 1.46) 1.35 (1.14, 1.60) <0.001
Multivariable HR? 1.00 1.04 (0.89, 1.22) 1.19(1.01, 1.39) 1.29(1.10, 1.52) 1.42 (1.20, 1.69) <0.001

! Based on tests for trend across quintiles of sodium intake by assigning the median value of each quintile.
? Cox proportional hazard models adjusted further for BMI (sex-specific quintiles), smoking status (4 categories), ethanol intake (6 categories), history
of hypertension (yes or no), history of diabetes (yes or no), menopause (yes or no), hormone replacement therapy (yes or no), time spent on sports activity (4

categories), walking time (4 categories), educational status (4 categories), perceived mental stress (4 categories), and calcium intake (quintiles).

# Cox proportional hazard models adjusted as noted in footnote 2 and for potassium intake (quintiles).
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TABLE 3
Hazard ratios (HRs) and 95% Cls of mortality from stroke, coronary heart disease, and total cardiovascular disease
according to quintiles of potassium intake
Quintile of potassium intake
P for
1 (low) 2 3 4 5 (high) trend’
No. of subjects 11 746 11 746 11 746 11 746 11 746
Person-years 146 012 147 127 148 963 149 811 153 248
Total stroke
n 202 195 184 208 197
Age- and sex-adjusted HR 1.00 0.88 (0.72, 1.08) 0.84 (0.69, 1.03) 0.88 (0.72, 1.07) 0.77 (0.63, 0.94) 0.021
Multivariable HR? 1.00 093 (0.74, 1.17) 0.91 (0.70, 1.19) 1.01 (0.77,1.34) 0.96 (0.70, 1.31) 0.967
Multivariable HR' 1.00 0.89(0.71,1.13) 0.84 (0.65, 1.10) 0.91 (0.69, 1.22) 0.83 (0.60, 1.14) 0.355
Intraparenchymal hemorrhage
n 54 50 40 43 40
Age- and sex-adjusted HR 1.00 0.89 (0.60, 1.31) 0.72 (0.48, 1.09) 0.74 (0.49, 1.11) 0.64 (0.42,0.97) 0.024
Multivariable HR? 1.00 1.02 (0.65, 1.59) 0.93 (0.55, 1.57) 1.07 (0.60, 1.90) 0.99 (0.51, 1.92) 0.987
Multivariable HR' 1.00 1.02 (0.65, 1.60) 0.91 (0.53, 1.55) 1.02 (0.56, 1.84) 0.89 (0.45, 1.76) 0.756
Subarachnoid hemorrhage
n 26 30 29 36 32
Age- and sex-adjusted HR 1.00 1.00 (0.59, 1.69) 0.91 (0.53, 1.57) 1.05 (0.63, 1.77) 0.85 (0.50, 1.45) 0.614
Multivariable HR* 1.00 0.86 (0.47, 1.58) 0.75 (0.38, 1.48) 0.91 (0.44, 1.87) 0.85 (0.38, 1.91) 0.845
Multivariable HR’ 1.00 0.88 (0.47, 1.64) 0.76 (0.38, 1.53) 0.91 (0.43,1.91) 0.83 (0.36, 1.91) 0.774
Ischemic stroke
n 99 94 98 112 107
Age- and sex-adjusted HR 1.00 0.84 (0.64, 1.12) 0.91 (0.69, 1.21) 0.94 (0.71, 1.24) 0.85(0.64, 1.12) 0.430
Multivariable HR? 1.00 0.95 (0.68, 1.32) 1.06 (0.73, 1.54) 1.15 (0.78, 1.71) 1.12 (0.72, 1.75) 0.450
Multivariable HR? 1.00 0.86 (0.61,1.19) 0.92 (0.63, 1.34) 0.97 (0.65, 1.46) 0.91 (0.58, 1.44) 0.907
Coronary heart disease
n 105 89 80 77 73
Age- and sex-adjusted HR 1.00 0.79 (0.59, 1.05) 0.72 (0.54,0.97) 0.65 (0.48, 0.88) 0.57 (0.42,0.77) <0.001
Multivariable HR? 1.00 0.81 (0.58, 1.13) 0.74 (0.51, 1.09) 0.69 (0.45, 1.06) 0.69 (0.43, 1.12) 0.127
Multivariable HR? 1.00 0.80 (0.57,1.11) 0.72 (0.49, 1.07) 0.66 (0.43, 1.03) 0.65 (0.39, 1.06) 0.083
Total cardiovascular disease
n 445 409 395 437 401
Age- and sex-adjusted HR 1.00 0.84 (0.73, 0.96) 0.82 (0.72, 0.94) 0.84 (0.73, 0.96) 0.71 (0.62,0.81) <0.001
Multivariable HR? 1.00 (.88 (0.75, 1.02) 0.86 (0.72, 1.03) 0.91 (0.75, 1.10) (.82 (0.66, 1.02) 0.153
Multivariable HR' 1.00 0.84 (0.72, 0.99) 0.81 (0.67,0.97) 0.84 (0.69, 1.02) 0.73 (0.59,0.92) 0.018

! Based on tests for trend across quintiles of potassium intake by assigning the median value of each quintile.
# Cox proportional hazard models adjusted further for variables listed in the footnote of Table 2.
* Cox proportional hazard models adjusted further for sodium intake (quintiles).

significant. However, when adjusted further for sodium in-
take, the inverse association with potassium intake became
significant for (otal cardiovascular disease and marginally
significant for coronary heart disease. The inverse association
between potassium intake and mortality from coronary heart
disease was marginally significant. The multivariable hazard
ratios for the highest versus the lowest quintiles of potassium
intake were 0.83 (95% CI: 0.60, 1.14) for total stroke, 0.65
(95% CI1:0.39, 1.06) for coronary heart discase, and 0.73 (95%
CI: 0.59, 0.92) for total cardiovascular discase.

Sex-specific multivariable hazard ratios of mortality from
coronary heart disease and total cardiovascular disease, ac-
cording to quintiles of potassium intake, are shown in Table
4. For women, potassium intake was significantly and in-
versely associated with mortality from coronary heart discase
and total cardiovascular disease; the multivariable hazard ra-
tios for the highest versus the lowest quintiles of potassium
intake were 0.40 (95% CI: 0.20, 0.80) and 0.67 (95% CI: 0.49,
0.90), and those associated with a 10-mmol increment in un-
calibrated daily potassium intake were 0.80 (95% CI: 0.65,
0.99) and 0.93 (95% CI: 0.86, 1.02), respectively (data not
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shown in the table). These inverse associations were not sig-
nificantly different for men.

The joint impact of sodium and potassium intakes, indicated
by hazard ratios of mortality {rom total stroke, ischemic stroke,
coronary heart disease, and total cardiovascular disease (with
low sodium and high potassium intakes as the reference), is
shown in Table 5 by low and high (less than and greater than or
equal to the median of) sodium and potassium intakes. We found
a significantly higher mortality rate from total stroke, ischemic
stroke, and total cardiovascular disease in those with a high
sodium and a low potassium intake and in those with a high
sodium and a high potassium intake, but not in those with a low
sodium and a low potassium intake. We also calculated hazard
ratios with the reference being a high sodium and low potassium
intake and found a significantly lower mortality from coronary
heart disease in those with a high sodium and a high potassium
intake and a lower mortality from total stroke, ischemic stroke,
and total cardiovascular disease in those with a low sodium and
a low potassium intake.

We also examined the association between sodium intake and
mortality from cardiovascular disease, stratified by BMI <25.0
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