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HiF2m
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---8EBE
L AMER— (Bl EYERSWET,
BERELY EE  EEEE() WOARER(E O PWERRE
LB TR
DENTAL6 15 E 0. 463 0. 049 © 0 0.438 0.366  0.560
DENTAL6IEE 84iR&EAH L2  0.482 0. 048 _ 0. 705 0.388  0.576
BegE (=—X3) 0. 591 0. 044 0. 057 0.505  0.677

a: JURSARYYHDEENEET
b: RERS: HEO®EE = 0.5
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-- -BEH
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. : 3 0=
BERETY Ei  EEEZ() WESERE@) O PWERRHE
B TR
DENTAL6 IBE 0. 544 0. 040 C0.273 0. 466 0. 622
DENTAL6 IHH B54R&fEA X245 0. 556 0. 040 0.161 0.479 0. 634
BELE (=—X4) 0.612 0. 039 0. 005 0.536 0.688

a: JUNRSAMYYIDRERENLET
b: MRS EOEE = 0.5
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£1 R—XA534UREHORREOHNE
Geriatric Depression Score (GDS) @ = #

-9 10-13 14-
A# 585 138 105
FHYEL () 75.0+44"  754+42"  76.1%x51"
51 Bt 52.8 39.1 34.3
BAHER
BEE A fi 25 ch 33 5.8 1.0
IDARIEE 9.7 10.9 12.4
A 8.2 10.9 95
=SMmE 414 36.2 43.8
PERR 14.2 18.1 11.4
BEE 120 9.4 12.4
BAE-&RRE 36.6 44.2 56.2
REE % : 15.7 145 26.7
PREZE 22.7 - 413 419
MMSE 285 Lk 77.3 - 703 61.9
25-274 17.6 239 238
245/ LLF 4.4 4.4 11.4
MEPILTIUAE (o/d) 417+025" 4.13+028”  4.18+0.28"
Timed Up and Go Test (¥]) 902+186" 9.76+272" 10.01+236"
HEMER
EREE HY 73.0 60.9 46.7
Y 198 L b 10.1 8.0 76
16~185% 12.8 10.1 . 114
158 LLF 77.1 81.9 81.0
Y=v LY R—MIBR LI EHY 64.6 54.4 416
4 EEE ' o '
B24E BERE 11.6 6.6 , 6.7
1B R ERIE 33.7 338 27.9
JERRIE 54.7 59.6 65.4 -
18] BRERs 51.3 455 26.8
BEEHE 10.6 12.4 13.4
JEERH 38.2 422 59.8
Body Mass Index 185k 3.9 10.1 6.7
18.5LL L 25k & 56.1 53.6 60.0
2511k 40.0 36.2 333 .

1) FHREEE  (UHBALMIZUEORELLH)
2) BERFERTROSER

£2 SOKREEETVRY

Geriatric Depression Score (GDS) @ St

-9 10-13 14- &R D PIE
BEAF 1731.1 407.5 307.4
T A 27 5 3
- EEMIEHR (95%Cl) 1.00 (Reference) 1.02 (038 —270 ) 079 (024 — 268 ) 0.644

HR: n¥—Fik, Cl: {EHEEMHE



£3 SORBLENE (EXR) ZE

Geriatric Depression Score (GDS) OEY

-9 10-13 14- AL OPIE
BENEEXREE
BERRAL 1650.7 375.4 275.0
BEHH 67 22 20
- EWMBIEHR (95%Cl) 1.00 (Reference) 1.28 (0.79 —2.07 ) 1.32 (079 —2.19 ) 0.016
ZEBMEHR1"(O5%CI) 1.00 (Reference) 1.19 (072 —1.95 ) 1.10 (0.64 — 1.87 ) 0.118
BEEHEHR22(95%CI) 1.00 (Reference) 1.29 (0.80 —2.10 ) 1.32 (0.78 —2.22 ) 0.012
EEEBHTEHRIVG5%CI) 1.00 (Reference) 1.26 (0.77 —2.05 ) 1.32 (0.78 —2.24 ) 0.020
B2 LDBE
BRAE 1723.1 405.6 300.4
BEHM 14 3 7
- B IEHR (95%Cl) 1.00 (Reference) 0.89 (0.26 —3.11 ) 261 (1.03 —6.62 ) 0.010
BEEMEHRIVO5%CI) 1.00 (Reference) 0.47 (0.12 —1.78 ) 2.04 (073 —575 ) 0.079
2L EBMEHR22(95%CI) 1.00 (Reference) 092 (026 —3.22 ) 290 (112 —7.51) 0.005
BERWBEHRING5%CI) 1.00 (Reference) 0.82 (023 —2.89 ) 275 (1.05 —7.19) 0.019

1) EB50HBHE (MMSE; 24/ LT, 25-2741, 28/ Ll k), RBBEE (WEP. DHEE, A4 BOE. BRE. BNE-BAE, BERX)OHE, RERO
H#%. Timed up and go test{ BRI FHIASLI=H H) . MF7Z N T E(3.8g/dILL T, 3.9-4.0g/dl. 4.1-4.3g/dl. 4.4g/dILL ) EHBIE

2) BEE (19RLLE, 16-188&, 15RLLT). RBEDOERE (HY. kL), V—I v -4 R—tOHER (BY. BLEHE

3) BRI (REREE . BEQEE, EUEE), BRR REKESE . BENESE. EES) | Body Mass Index (18.55%, 18.5-24.9, 2551 k) %
#WE

HR: /\F—FH, ClI: {EHEXME

£4 BIOSORBLENE (EXP BE

Geriatric Depression Score (GDS) O A%

-9 10-13 14- {EROPE
B
ENE (B BE
HEAE - 892.1 142.1 95.4
EEER 22 . 10 6
EBHBEHR (95%CI) 1.00 (Reference) 243 (114 — 519 ) 220 (0.89 — 546 ) 0.001
SHEBMIEHR1V(O5%CI) 1.00 (Reference) 159 (0.70 — 364 ) 1.94 (074 — 506 ) 0.033
EEBHEHR22(G5%CI) 1.00 (Reference) 2.51 (1.17 — 540 ) 240 (0.93 — 6.18 ) 0.001
EEBMBIEHRIVNO5%CI) 1.00 (Reference) 2.38 (1.09 — 517 ) 251 (1.00 — 629 ) 0.001
ENE2p L 0EE '
B|RAE 902.4 149.1 98.0
REH 7 2 3
FEEHIEHR (95%Cl) 1.00 (Reference) 1.38 (028 — 678 ) 3.32 (0.85 — 13.04 ) 0.053
ZEEHEHR1"G5%CI) 1.00 (Reference) 2.04 (0.17 — 2420 ) 821 (1.33 — 50.75 ) 0.007
BEEHEHR22(95%CI) 1.00 (Reference) 1.51 (0.31 — 7.47 ) 441 (1.08 — 17.97 ) 0.032
BEEHEHRIYNG5%CIl) 1.00 (Reference) 1.28 (025 — 653 ) 381 (0.95 — 1529 ) 0.046
k-
ENE(EXERE
HEASF 758.6 2332 179.7
EEHH 45 12 14
ERWEHR (95%Cl) 1.00 (Reference) 0.93 (049 — 175 ) 1.05 (057 — 1.92 ) 0.495
SEEHEHRTVO5%Cl) 1.00 (Reference) 0.97 (049 — 190 ) 098 (0.51 — 1.88 ) 0.731
BERBEHR22(95%CI) 1.00 (Reference) 0.97 (051 — 184 ) 1.03 (055 — 1.92 ) 0.340
ZLEBHBEHR3YO5%Cl) 1.00 (Reference) 0.93 (049 — 178 ) 1.02 (054 — 194 ) 0.573
Ef#2L toEE
HEAE 801.0 2483 190.3
EEEE 7 1 4
EHWBIEHR (95%CI) 1.00 (Reference) 0.50 (0.06 — 4.08 ) 2.14 (062 — 7.39 ) 0.087
EEBREHR1VO5%CI) 1.00 (Reference) 0.35 (005 — 248 ) 525 (0.70 — 39.20 ) 0.546
BLEHMEHR22(95%CI) 1.00 (Reference) 0.53 (0.06 — 4.40 ) 239 (067 — 853 ) 0.031
BLTEHTHRIV95%CI) 1.00 (Reference) 044 (005 — 386 ) 1.79 (050 — 6.42 ) 0.252

1) ER50HREE (MMSE ; 24 LL T, 25-274. 28l L) RBHRE (REo . DHEE. A4, BOLE. BRE. QNE-RAE. BHiX)OER. REROARE.
Timed up and go test(B R R4 LI 4H) . MMF7ILT I 8 (3.89/dILL F. 3.9-4.09/d1, 4.1-4.3g/dl, 4.4g/dIA L) ZHETE

2) BHE (198 LLL, 16-182. 1SR U T). RBEOHE (B, BL). v—vL- 4 R—OEE (BY. BLIERE

3) BUEHR (REREE, BEWEE. FES). KERS (REKES. BERBEE. FFKEF) . Body Mass Index (18.5R . 18.5-24.9, 25LL L) EHIE
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Although ecological observations suggest that the Japanese diet may reduce the
risk of cardiovascular disease (CVD), the impact of a Japanese dietary pattern
upon mortality due to CVD is unclear.

We prospectively assessed the association between dietary patterns among the
Japanese and CVD mortality. Dietary information was collected from 40547
Japanese men and women aged 40-79 years without a history of diabetes,
stroke, myocardial infarction or cancer at the baseline in 1994.

During 7 years of follow-up, 801 participants died of CVD. Factor analysis (principal
component) based on a validated food frequency questionnaire identified three
dietary patterns: (i) a Japanese dietary pattern highly correlated with soybean
products, fish, seaweeds, vegetables, fruits and green tea, (ii) an ‘animal food’
dietary pattern and (iii) a high-dairy, high-fruit-and-vegetable, low-alcohol (DFA)
dietary pattern. The Japanese dietary pattern was related to high sodium intake and
high prevalence of hypertension. After adjustment for potential confounders,
the Japanese dietary pattern score was associated with a lower risk of CVD
mortality (hazard ratio of the highest quartile vs the lowest, 0.73; 95% confidence
interval: 0.59-0.90; P for trend =0.003). The ‘animal food’ dietary pattern was
associated with an increased risk of CVD, but the DFA dietary pattern was not.

The Japanese dietary pattern was associated with a decreased risk of CVD
mortality, despite its relation to sodium intake and hypertension.

Diet, factor analysis, statistical, cardiovascular diseases, mortality, prospective
studies, Japan

The traditional Japanese diet has drawn considerable attention
since the 1960s because of its association with an extremely low
rate of coronary heart disease (CHD).? On the other hand,
this diet used to be characterized by high consumption of
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salt’ and low consumption of animal fat and protein,® which
would increase the risk of stroke, especially intracerebral
haemorrhage (ICH).* '

Over the past 40 years, however, the Japanese diet has
changed. Average consumption of fruits, dairy products, eggs
and meat has increased, while the high consumption of
vegetables, soy products and fish has been maintained.’
In parallel with the change from a traditional Japanese diet,
the stroke mortality rate has fallen dramatically,® and the CHD
mortality rate is still lower than in Western countries.” The
age-adjusted rate of mortality due to cardiovascular disease
(CVD) is lower than in the UK (~40%) and the US (~30%).
Thus, the contemporary Japanese diet may have beneficial
effects in terms of lower CVD mortality.

While several single food items in the Japanese diet such as
fish®1° and soybean!®'! have been studied for CVD association,
the results have not always been consistent. As food variables
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are highly intercorrelated and possibly have biochemical
interactions, it is difficult to examine their separate effects.'?
To address the difficulties of the single food approach, many
studies have investigated the association between dietary
patterns and CVD among Western populations.!>!°

Among the Japanese, previous studies on the association with
specific cancers?®?? or all-cause mortality®> have identified a
dietary pattern correlated with distinctive Japanese foods by
using factor analysis.>* However, no study has investigated
the contribution of ‘Japanese’ dietary patterns to lower CVD
mortality.

Our study objectives were to identify contemporary dietary
patterns among the Japanese by factor analysis and to
investigate their impact upon CVD mortality in a large-scale
population-based prospective cohort study.

Methods

Study population

The details- of the Ohsaki National Health Insurance (NHI)
Cohort study have been described previously.?>?® Briefly,
we delivered a self-administered questionnaire including items
on dietary intake [40-item food frequency questionnaire
(FFQ)], medical history, smoking status and physical health
status, between October and December 1994 to all NHI
beneficiaries aged 40-79 years living in the catchment area of
Ohsaki Public Health Center, Miyagi Prefecture, northeast
Japan. Ohsaki Public Health Center, a local government
agency, provides preventive health services for residents of 14
municipalities in Miyagi Prefecture. Of 54996 eligible individ-
uals, 52029 (95.0%) responded.

From January 1, 1995, we started prospective collection of
data on the date of death and withdrawal from the NHI,
by obtaining NHI withdrawal history files from the local NHI
Association. We excluded 774 participants because they had
withdrawn from the NHI before collection of the NHI with-
drawal history files. Thus, 51255 participants formed the study
cohort. The study protocol was reviewed and approved by the
Ethics Committee of Tohoku University School of Medicine.
We considered the return of self-administered questionnaires
signed by the study participants to imply their consent to
participate.

For current analysis, we excluded participants who died
before collection of NHI withdrawal history files (#n=37), who
left blank more than 24 of the 40 food items on the FFQ
(n=3941) and who reported daily energy intakes at the
extreme 0.5% upper or lower ends of the range (sex-specific
cut-off points were used: 1759kJ, 14884kJ for men
and 1256kJ, 9609kJ for women, respectively) (rn=478).
We followed the exclusion criteria for the number of
blanks on the FFQ reported in previous studies'”'® of dietary
patterns. We also excluded participants who reported a history
of cancer (n=1533), myocardial infarction (n=1325), stroke
(n=1040) or diabetes mellitus at the baseline (n=3092),
because these diseases could have changed their diet and
lifestyle.  Consequently, our analysis included 40547
participants.
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Dietary assessment

The 40-item FFQ asked about the average frequency of
consumption of each food. Regarding the foods that showed
different patterns of consumption between seasons, the FFQ
asked about the frequency in the season when these foods
were consumed most frequently within a year. However, the
FFQ did not refer a specific time frame. Five frequency
categories were used for the majority of food items (almost
never, 1-2 days/month, 1-2 days/week, 3-4 days/week and
almost every day). For rice and miso (fermented soybean paste)
soup, the number of bowls consumed daily was asked.
For current drinkers, the frequency of alcohol consumption
was asked using four frequency categories (once or less/week,
1-2 days/week, 3-4 days/week, almost every day) and
the wusual amount was asked wusing six categories.
For consumption of four non-alcohol beverages (green tea,
black tea coffee and Chinese tea), five categories were used
(almost never, sometimes, 1-2 cups/day, 3—4 cups/day, 5 or
more cups/day). i

We had previously conducted a validation study of the FFQ.?
In brief, 113 participants (55 men and 58 women), who were a
subsample of the cohort, provided four 3-day diet records (DRs)
within a 1-year period and subsequently responded to the
FFQ. We computed the Spearman correlation coefficients
between the amounts consumed according to the DRs and
the amounts consumed according to the FFQ. For 40 food
items, medians (range) of the age and total energy-adjusted
correlation coefficients were 0.35 (—0.30-0.72) in men and 0.34
(—0.06-0.75) in women. Medians (range) of the age and total
energy-adjusted correlation coefficients of the two FFQs
administered 1 year apart were 0.43 (0.14-0.76) in men and
0.45 (0.06-0.74) in women for the 40 food items.

We examined the daily consumption of 40 food items, total
energy and nutrients from the FFQ by converting the selected
frequency category for each food to a daily intake, using portion
sizes based on the median values observed in the DRs. To
calculate nutrients, we developed a food composition table
that corresponded to the food items listed in the FFQ. Using the
Standard Tables. of Food Composition published by the Science
and Technology Agency of Japan,?® we calculated nutrients
from the DRs and grouped the food codes to form food
categories that best corresponded to the listing of the FFQ.
We assigned relative weights to the food codes grouped into
a single category based on the DR data.

Dietary pattern derivation

To derive dietary patterns, factor analysis (principal component
analysis) was conducted by using the daily consumption (weight
in grams) of 40 food items from the FFQ. If the reported frequency
was blank, we assumed that the item was never consumed.
We used the PROC FACTOR procedure in SAS version 9.1 to
perform the analyses. To determine the number of factors
to retain, we considered eigenvalue, Scree test and factor -
interpretability.** Because 10 factors satisfied the criteria for
eigenvalues greater than one, and the Scree plot indicated five
factors that were retained, we selected solutions ranging from
2 to 5 for rotation. To achieve a simpler structure with greater
interpretability, the factors were rotated by an orthogonal
transformation (varimax rotation function in SAS).
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With regard to factor interpretability, a three-factor solution
appeared to describe most meaningfully the distinctive dietary
patterns of the study population. We named them
(i) a Japanese pattern, (ii) an ‘animal food’ pattern and
(ili) a high-dairy, high-fruit-and-vegetable, and low-alcohol

- (DFA) pattern, according to the food items showing high factor
loading (absolute value) with respect to each dietary pattern.
These dietary patterns were consistent with those reported
previously in Japanese men.*® For each pattern and each
participant, we calculated a factor score by summing the
consumption from each food item weighted by its factor
loading.*

We conducted additional sensitivity analysis of dietary pattern
derivation. When we also performed factor analyses for six
subgroups stratified by sex and three age groups (aged 40-59,
60-69 and 70-79 vyears), the derived patterns appeared
similar. Thus, in our analyses, we used a factor solution
including both men and women, and all age groups. Among the
participants who left no blanks for food items (z=17010), the
derived dietary patterns closely resembled those derived from
the total participants. As an additional analysis with stricter
cut-off points of total energy intake for inclusion, we excluded
participants who reported of daily energy intakes at the
extreme 2.5% upper or lower ends of the range. The derived
dietary patterns were similar to those of the main analysis.

Additional analyses using the maximum likelihood method
instead of the principal component method as the initial factor-
extracting method, and oblique rotation (promax rotation
function in SAS) as a factor rotation method made the factor
loadings for the three dietary patterns similar. The same criteria
as the main analysis indicated three factors that were retained,
and each factor was correlated to with (i) vegetables, fruits,
seaweeds, soy products, and fish, (ii) meat and fat and (iii) rice
(negatively), miso soup (negatively) and dairy products,
respectively.

Follow-up

The primary -endpoint was CVD mortality. Secondarily, we
conducted analyses of CHD and stroke mortality. We investi-
gated cause of death by reviewing the death certificates filed at
Ohsaki Public Health Center. Cause of death was coded by
trained physicians according to the International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10).>® We identified deaths from CVD (codes
100-199), CHD (codes 120-I125), total stroke (codes 160-169),
" cerebral infarction (code 163) and ICH (code 161).

Statistical analyses

From January 1, 1995 to December 31, 2001, we prospectively
counted the number of person-years of follow-up for each
participant from the beginning of follow-up until the date of
death, withdrawal from the NHI or the end of the follow-up,
whichever occurred first.

Cox proportional hazards regression analysis was used to
calculate the hazard ratio (HR) and 95% confidence interval
(CI) of CVD mortality according to quartiles of the dietary
pattern score and to adjust for potentially confounding
variables, using SAS.?® For all models, the proportional hazards
assumptions were tested and met using time-dependent

covariates.*’ Dummy variables were created for the quartiles
of each dietary pattern score. The lowest quartile of a dietary
pattern score was used as a reference category. The P-values for
analysis of linear trends were calculated by scoring the quartiles
of a dietary pattern score, from one for the lowest quartile
to four for the highest, entering the number as a continuous
term in the regression model. Interaction between sex and
quartiles of each dietary pattern score was tested by addition of
cross-product terms to the multivariate model. The association
between each dietary pattern and CVD mortality did not vary
by sex (P for interaction n=0.55). All reported P-values are
two-tailed.

Multivariate models were adjusted for the following variables:
age (in years), sex, smoking status (never, former, currently
smoking <20 cigarettes per day and currently smoking =20
cigarettes per day), walking duration (<1 hour per day and >1
hour per day), total energy intake (as a continuous variable),
body mass index (<18.5kg/m? 18.5-249kg/m? and
225.0kg/m?) and history of hypertension (yes or no). Two
multivariate models not including and including body mass
index and history of hypertension were used, since these two
factors could be regarded as intermediate in the causal pathway
between dietary pattern and CVD mortality. Walking duration
was used as a parameter of physical activity because it is the
most common type of physical activity among middle-aged
and older individuals in rural Japan. The validity and repro-
ducibility of the question on walking time has been reported
elsewhere.>

All analyses were repeated after exclusion of participants who
had died in the first 3 years of follow-up. To minimize any
possible bias caused by physically inactive participants, we
performed additional analysis that was restricted to participants
who were able to perform vigorous activity [Medical Outcome
Study (MOS) Short Form General Health Survey®® score of 5-6]
and with a well self-perceived health status. As an additional
analysis, dietary pattern scores were adjusted for total energy
by using the residual method.>*

Results

Table 1 shows factor loadings, which are equivalent to simple
correlations between the food items and dietary patterns.
A positive loading indicates that a food ‘item is positively
associated with the dietary pattern, and a negative loading
indicates an inverse association with the dietary pattern.
That is, food items highly loaded within a dietary pattern are
highly correlated with each other. '

The Japanese dietary pattern was loaded heavily on soybean
products, fish, seaweeds, vegetables, fruits and green tea,
whereas the ‘animal food’ pattern was loaded heavily on
various animal-derived foods (beef, pork, ham, sausage,
chicken, liver and butter), coffee and alcoholic beverages.
The DFA dietary pattern was heavily loaded on dairy products
(milk and yoghurt), margarine, fruits and vegetables (carrot,
pumpkin and tomato), and negatively loaded on rice, miso soup
and alcoholic beverages. These three dietary patterns explained
26.2% of the variance. _

Table 2 compares the characteristics of participants according
to the quartiles of each dietary pattern score. Participants



