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Table 2 Mean daily food and nutrient intakes according to age groups by sex

Men (n = 1,014) ANOVA? P for trend
4049 (n = 241) 50-59 (n = 268) 60-69 (n = 262) 70-79 (n = 243)
Fish (g) 75.0 £ 453 108.5 £ 59.3 116.1 £ 57.2 107.4 £ 50.7  <0.0001  <0.0001
Seaweed (g) 163 +£ 222 17.3 £ 20.1 203 £ 21.7 242 £ 324 0.001 <0.0001
Meat (g) 108.6 + 52.5 80.7 + 40.9 72.6 £ 39.9 563 £ 39.8  <0.0001  <0.0001
Egg (g) 43.1 + 28.0 49.3 £279 46.4 £ 25.9 442 £ 265 0.050 0.940
Energy (kcal) 2,304.5 £ 416.3 2,267.8 + 386.4 2,268.9 + 342.6  2,123.8 + 378.1 <0.0001 <0.0001
Protein (g) 81.8 + 16.4 84.1 + 16.2 86.5 + 15.9 814 £ 174 0.002 0.822
Fat (g) 67.4 £19.3 62.9 + 16.7 585+ 154 523 £ 153  <0.0001 <0.0001
Carbohydrate (g) 307.8 £ 65.1 301.2 +£ 629 3108 £ 554 305.2 + 62.3 0.322 0.928
Saturated fatty acids (g) 19.1 £ 63 172 £ 56 160 £ 54 145 +£52 <0.0001  <0.0001
Monounsaturated fatty acids (g) 247 £ 8.4 225 £ 6.8 204 £ 63 17.7 £ 6.1 <0.0001  <0.0001
Polyunsaturated fatty acids (g) 14.8 £ 44 145+ 40 13.7 £ 34 123 £ 3.6 <0.0001  <0.0001
n-6 series polyunsaturated fatty acids (g) 123 +£ 3.8 11.6 +£ 3.4 10.8 £ 29 9.6 £29 <0.0001  <0.0001
LNA (mg) 11,999.9 + 3,820.9 11,315.1 +£3475.1 10,526.5 + 2,886.9 1,344.3 & 4814 <0.0001  <0.0001
ARA (mg) 178.6 + 68.9 184.5 + 64.2 182.1 + 63.0 1714 + 64.4 0.120 0.200
n-3 series polyunsaturated fatty acids (g) 25+ 09 29+ 1.1 29+ 1.0 27+ 1.1 0.0001 0.153
ALA (mg) 1,699.5 + 643.9 1,598.3 + 514.1 1,479.5 + 483.6 6.0 + 8.4 <0.0001  <0.0001
EPA (mg) 232.6 £ 211.1 367.8 £ 295.7 403.0 £ 263.3 389.8 + 257.1 <0.0001 <0.0001
DHA (mg) 437.0 £+ 331.0 662.1 +475.8 717.7 £ 42222 691.8 + 437.1 <0.0001  <0.0001
Women (n = 1,028) ANOVA® P for trend
40-49 (n = 263) 50-59 (n = 259) 60-69 (n = 261)  70-79 (n = 245)
Fish (g) 69.4 £ 41.0 81.1 £ 40.2 83.8 + 433 87.8 & 447 <0.0001  <0.0001
Seaweed (g) 154 £ 19.9 15.6 £ 18.8 19.8 £ 264 19.8 + 212 0.014 0.004
Meat (g) 68.8 + 38.5 59.1 £ 32.6 51.0 £ 31.3 449 £ 278 <0.0001  <0.0001
Egg (g) 389 + 227 372+ 230 38.1 £253 40.1 £ 24.6 0.573 0.508
Energy (kcal) 1,862.1 &+ 317.1 1,857.7 £ 305.4 1,814.5 £ 2934 1,766.8 + 276.4 0.0009 0.0001
Protein (g) 68.7 + 13.6 70.7 + 13.0 71.5 £ 13.2 70.0 £+ 13.6 0.103 0.205
Fat (g) 59.8 £ 15.1 554 + 14.6 500 £ 129 46.9 + 133 <0.0001  <0.0001
Carbohydrate (g) 250.4 + 45.8 258.4 + 49.1 2643 £ 498 260.5 £ 435 0.008 0.007
Saturated fatty acids (g) 179 £ 5.6 162 £ 59 141 £ 45 132 + 4.6 <0.0001  <0.0001
Monounsaturated fatty acids (g) 214 4+ 59 194 + 55 171 +£52 158 £ 5.0 <0.0001  <0.0001
Polyunsaturated fatty acids (g) 125 £35 12.1 £33 115+ 34 11.1 £33 <0.0001  <0.0001
n-6 series polyunsaturated fatty acids (g) 103 £ 3.0 98+28 92+28 8.7 £27 <0.0001  <0.0001
LNA (mg) 10,079.2 +£2,949.7 9,601.6 + 2,744.0 89355 £ 2,742.9 8,523.6 £ 2,614.5 <0.0001  <0.0001
ARA (mg) 1535 + 515 147.9 + 50.9 149.1 £ 529 144.4 £ 55.0 0.279 0.079
n-3 series polyunsaturated fatty acids (g) 22+£08 23+08 23+£09 23+09 0.524 0.279
ALA (mg) 1,410.2 + 486.5 1,332.1 £ 4573 1,243.8 + 4742 1,256.8 £ 4502  <0.0001 <0.0001
EPA (mg) 216.6 + 184.6 267.5 + 202.2 300.4 + 196.4 3004 +£219.6  <0.0001 <0.0001
DHA (mg) 414.4 + 305.1 486.8 + 321.8 532.0 £ 311.5 524.5 + 340.1 <0.0001  <0.0001

All values are expressed as means &= SD

LNA linoleic acid, ARA arachidonic acid, ALA alpha-linolenic acid, DHA docosahexaenoic acid, EPA eicosapentaenoic acid

* ANOVA one-way analysis of variance

decreased in both men and women, and carbohydrate
intake increased in women with age.

Lower intakes of saturated, monounsaturated, PUFA,
n-6 PUFA including linoleic acid (LNA), and alpha-lino-
lenic acid (ALA) were seen in older age groups in both
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men and women. In contrast, EPA and DHA intakes tended
to increase in older age groups in both sexes.

Table 3 shows Pearson’s correlation coefficients between
serum FA composition (mol% of total) and corresponding
FA intake (wt%) according to age group and sex. In all age
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Table 3 Pearson’s correlation coefficients between serum FA composition (mol% of total) and corresponding FA intake (wt%) according to age

groups by sex

Men (n = 1,014)

Women (n = 1,028)

40-49 50-59 60-69 70-79 40-49 50-59 60-69 7079
(n=241) (n=268) (n=262) (n=243) (=263) (n=259) (=261 (n=245)
Saturated fatty acids 0.10 0.03 —-0.10 -0.02 —-0.01 -0.01 0.12* 0.02
Monounsaturated fatty 0.10 0.03 0.09 0.22* 0.15% 0.11 0.06 0.07
acids
Polyunsaturated fatty 0.21* -0.12 —0.01 0.06 0.12 —0.01 0.09 0.02
acids
n-6 series polyunsaturated 0.20% -0.04 -0.05 0.11 0.09 —0.09 0.12 —0.03
fatty acids
LNA 0.20* 0.02 —0.02 0.11 0.11 —0.05 0.10 —0.02
ARA 0.12 0.06 0.07 0.04 0.15% 0.06 —0.005 0.002
n-3 series polyunsaturated 0.39* 0.34* 0.39* 0.27* 0.22% 0.35*% 0.33* 0.42*
fatty acids
ALA 0.26* 0.23* 0.19* 0.18* 0.14* 0.24* 0.11 0.07
EPA 0.34* 0.35% 0.37* 0.25% 0.17* 0.30* 0.33* 0.40*
DHA 0.38* 0.38* 0.32* 0.26* 0.21* 0.33* 0.31* 0.37*

Pearson’s correlation coefficients are expressed, and * means P < 0.05. FA (wt%): weight percentage of total fatty acid intake (g/day)

LNA linoleic acid, ARA arachidonic acid, ALA alpha-linolenic acid, DHA docosahexaenoic acid, EPA eicosapentaenoic acid

groups, significant positive correlations between serum FA
composition and the corresponding FA intake were observed
for n-3 PUFA, EPA and DHA in both men and women. For
ARA, a positive correlation was only seen among women in
their 40 s.

Table 4 shows serum FA concentration (mmol/L)
according to age group and sex. Serum FA concentration of
n-6 PUFA including LNA and ARA decreased in men; in
contrast, n-3 PUFA concentration including EPA, and
DHA increased in older age groups in both sexes.

Serum FA composition (mol% of total) of ARA was
decreased in older age groups in both sexes: 5.44, 5.04,
5.02, and 4.76 mol% in men; and 5.67, 5.41, 5.22, and
5.07 mol% in women, respectively. In contrast, EPA and
DHA increased in older age groups in both sexes: EPA,
1.80, 2.37, 2.91, 2.58 mol% in men, 1.67, 2.35, 247,
2.55 mol% in women; and DHA, 3.99, 4.58, 5.19,
5.02 mol% in men, 4.04, 4.61, 5.01, 5.20 mol% in women,
respectively (ANOVA P < 0.05, trend P < 0.05). To
account for the effects of FA intake on serum FA com-
positions, a subsequent model included the corresponding
FA intakes (wt%) as covariates. Figure 1 shows serum FA
composition (mol% of total) adjusted for corresponding FA
intake (wt%) according to age group and sex. Even after
adjusting for dietary FA intake, serum n-3 PUFA compo-
sitions including EPA and DHA were higher, whereas
serum n-6 PUFA compositions including ARA were lower
in older age groups for both men and women.

130

Discussion

Our findings suggest that serum n-3 PUFA compositions,
including EPA and DHA, increased, while serum n-6
PUFA compositions, including ARA, decreased with age.
These associations were consistent even after adjusting for
the corresponding FA intake. To the best of our knowledge,
this represents the first observational study to examine age-
related effects on serum EPA, DHA, and ARA composi-
tions assessed with reference to dietary intakes among
middle-aged and elderly Japanese individuals.

Consistent with previous studies [9-12, 21, 22], blood
EPA, DHA, and n-3 PUFA compositions increased and
LNA, ARA, and n-6 PUFA compositions decreased with
age in both men and women. In addition, FA or fish intake-
adjusted EPA or DHA compositions were also positively
associated with age group [23, 24], while ARA composi-
tion was negatively associated with age group [18]. Three
possibilities for these findings can be considered.

First, FA metabolism may change with age. Previous
epidemiological studies have indicated that older men
show a greater capacity to incorporate dietary EPA into
plasma phospholipids than younger men [25], and the
capacity to convert ALA acid to EPA and DPA appears to
decline with age, since this conversion is down-regulated
by a high EPA and DHA diet [26]. An alternative expla-
nation is that aging is associated with increased utilization
of n-6 PUFA. Several studies have indicated age-dependent
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Table 4 Serum FA concentration (mmol/L) according to age groups by sex

Men (n = 1,014) ANOVA?® P for trend
4049 (n = 241) 50-59 (n = 268) 60-69 (n = 262) 70-79 (n = 243)
Saturated fatty acids (mmol/L) 3,866 + 1,164 4,052 + 1,482 3,821 + 1,063 3,794 + 916 0.055 0.185
Monounsaturated fatty acids (mmol/L) 2,622 £+ 970 2,737 4+ 1,317 2,511 £ 921 2,535 + 754 0.048 0.097
Polyunsaturated fatty acids (mmol/L) 5,008 & 962 5,156 4+ 1,124 4,903 4+ 921 4,827 + 917 0.001 0.005
n-6 series polyunsaturated fatty acids (mmol/L) 4,185 & 804 4,151 + 909 3,825 £ 729 3,794 + 744 <0.0001  <0.0001
LNA (mmol/L) 3,363 + 681 3,371 + 786 3,089 £ 636 3,095 + 669 <0.0001  <0.0001
ARA (mmol/L) 614 £ 159 583 + 141 555 £ 129 521 £ 126 <0.0001  <0.0001
n-3 series polyunsaturated fatty acids (mmol/L) 817 & 291 999 + 395 1,073 £ 394 1,028 £ 369 <0.0001  <0.0001
ALA (mmol/L) 97 + 47 110 + 62 97 + 41 105 + 50 0.007 0.395
EPA (mmol/L) 203 & 110 274 + 153 319 + 168 286 + 154 <0.0001  <0.0001
DHA (mmol/L) 454 £ 154 542 + 207 581 &+ 213 561 4 189 <0.0001  <0.0001
Women (n = 1,028) ANOVA? P for trend
4049 (n = 263) 50-59 (n = 259) 60-69 (n = 261) 70-79 (n = 245)
Saturated fatty acids (mmol/L) 3,338 £ 647 3,706 £+ 837 3,853 + 1,041 3,912 + 851 <0.0001  <0.0001
Monounsaturated fatty acids (mmol/L) 2,107 + 516 2,363 + 688 2,524 + 1,077 2,631 + 819 <0.0001  <0.0001
Polyunsaturated fatty acids (mmol/L) 4,682 + 699 5,122 + 816 5,191 + 1,033 5,095 + 813 <0.0001  <0.0001
n-6 series polyunsaturated fatty acids (mmol/L) 3,975 + 602 4,186 + 689 4,149 + 838 4,015 + 703 0.001 0.680
LNA (mmol/L) 3,233 £ 526 3,399 + 620 3,352 4 743 3,228 £ 620 0.003 0.719
ARA (mmol/L) 569 + 112 597 + 116 595 + 130 581 + 116 0.027 0.303
n-3 series polyunsaturated fatty acids (mmol/L) 701 £ 223 931 4+ 292 1,036 + 330 1,074 + 307 <0.0001  <0.0001
ALA (mmol/L) 76 + 26 92 + 35 111 & 148 107 + 41 <0.0001  <0.0001
EPA (mmol/L) 164 £+ 98 259 + 140 278 + 125 290 + 145 <0.0001  <0.0001
DHA (mmol/L) 408 + 115 513 + 142 573 4 145 600 + 155 <0.0001  <0.0001

All values are expressed as means + SD

LNA linoleic acid, ARA arachidonic acid, ALA alpha-linolenic acid, DHA docosahexaenoic acid, EPA eicosapentaenoic acid

? ANOVA, one-way analysis of variance

decreases in membrane levels of n-6 PUFA, particularly for
ARA, which is abundant in the hippocampal neurons [6, 7],
and consumption of ARA was higher in patients with
Alzheimer’s disease compared with age-matched healthy
volunteers [27, 28]. In addition, the ARA cascade is
thought to be altered in a reciprocal fashion to the DHA
cascade [28], and Kawabata et al. {29] demonstrated that
dietary EPA and/or DHA intakes affect blood ARA levels
among Japanese individuals. They indicated the possibility
of the displacement and inhibition of ARA incorporation
by dietary EPA and DHA in blood phospholipid in elderly
subjects. As a result, higher serum n-3 PUFA and lower
serum n-6 PUFA were shown among elderly individuals
with high dietary intakes of EPA and DHA.

DHA and EPA are important for the prevention of car-
diovascular disease [30]. EPA has a more pronounced
effects on eicosanoid production [31], whereas DHA has
particular effects on membrane properties and cell signal-
ing [32], and ARA is known as a precursor for eicosanoid
production, and thus might be involved in inflammation or
immunological diseases [28)]. The cross-sectional nature of
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the study did not permit the assessment of causality, and
the high levels of DHA and EPA and low levels of ARA
might be attributable to increased utilization of ARA under
chronic inflammatory conditions among the elderly, and/or
an increased capacity to incorporate dietary DHA and EPA
into serum lipids to prevent cardiovascular disease through
the beneficial effect of n-3 PUFA to cardiovascular health,
including lowering blood pressure and improving endo-
thelial health [30]. In fact, weakly positive correlations
between serum ARA composition and ARA intake were
observed only among females in their 40 s (r = 0.15,
P < 0.05). This result suggests two hypotheses. The first is
that utilization of serum ARA might be increased inde-
pendent of the ARA intake in older age groups compared
with females in their 40 s. Second, the effect of displace-
ment and inhibition of ARA incorporation by dietary EPA
and DHA was small among females in their 40 s, since n-3
PUFA intake/serum n-3 PUFA concentration, including
EPA and DHA, was lower than that in older females.
Potential confounding variables might have attenuated
associations between serum FA composition and aging. To
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Fig. 1 Serum FA composition
(mol% of total) adjusted for
corresponding FA intake (wt%)” 45 4
by sex. All values are expressed 40 4+ ----
as means + SE. °FA intake
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exclude the effects of several potential variables, we esti-
mated serum FA composition by age group in sub-analysis
after adjusting for education, smoking status, alcohol intake,
BMI, and clinical history (heart disease, hypertension,
hyperlipidemia, diabetes). No changes in study findings were
identified from this sub-analysis (data not shown).

Third, older Japanese tended to eat more a traditional
Japanese diet and consume more fish than younger individ-
uals [17]. In fact, marine-derived DHA and EPA consump-
tion among our subjects increased with age. One could
speculate that serum FA composition depended, at least in
part, on long-term EPA or DHA intake. However, serum or
plasma FA composition is considered a reliable index of
dietary FA intake over a relatively short duration, such as
several weeks or months [21]. In addition, age was an
independent predictor of n-3 PUFA levels in red blood cells,
even after adjusting for FA intake among American indi-
viduals [23] who show low n-3 PUFA intake. Factors other
than long-term FA intake could thus be affecting serum FA
composition.

In this study, serum FA compositions were expressed as
molar percentages of the total FA (mol% of total). However,
percentages of n-3 or n-6 PUFA (mol% of total) depend on
the absolute quantity of other PUFA (mol/L); that is, they
only reflect the relative amount of FA and do not provide a
measure of absolute FA concentrations [33]. Therefore, if
one of the absolute FA concentrations is higher, the other
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percentages of FA composition will be reduced. In sub-
analyses, we examined age effects on absolute concentra-
tions (mmol/L) of each FA after adjusting for dietary FA
intakes (g/day). Even after adjusting for dietary FA intakes,
absolute DHA and EPA levels were increased in both men
and women, and absolute ARA was decreased in men (data
not shown). This means that absolute concentrations of each
FA were also dependent on age group.

The strength of this study derives from the use of bio-
markers and middle and aged samples from community-
dwelling Japanese with high-level n-3 PUFA intake. To the
best of our knowledge, no other large-scale epidemiologi-
cal data have been accumulated to assess dietary intake
using 3-day dietary records for middle-aged and elderly
individuals aged 40-79 years. Intakes and serum levels of
n-3 PUFA, including DHA and EPA, were comparable to
those reported in other Japanese populations [9, 29], and
higher than those in Europeans and Americans [16].
However, positive or negative associations between serum
EPA, DHA or ARA compositions and age groups were
seen independently with FA intakes in our sample, despite
high n-3 PUFA intake. The present results may therefore
also be applicable to American populations with lower
consumption of seafood and n-3 PUFA, compared to
Japanese or Norwegian populations.

Several limitations to the present study warrant consid-
eration. First, nutritional intakes were assessed by 3-day
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dietary records. We did not take supplementation of n-3
PUFA and other FA or medications into account. In addition,
it is unclear whether short-term records adequately reflect
long-term dietary intake [34], because individual food
intakes vary greatly from day to day [20]. On the basis of this
limitation, we preliminarily decided on 3 continuous days
(both weekend days and 1 weekday) to avoid events or
special days such as trips, long vacations, or out-of-the-
ordinary events and thus minimize food variations. As a
result, average dietary intake in the present study was similar
to the National Nutrition Survey in Japan [17]. Although the
3-day dietary record is not the best way to assess long-term
dietary intake, it can be considered to have a certain level of
accuracy that reflects typical nutrient intakes.

Second, 3-day dietary records were conducted after
blood sampling and most subjects returned the records
within 1 month, but a time-lag still existed between dietary
assessment and the blood sampling. In addition, serum FA
concentrations were assessed from a single blood sampling.
However, Kobayashi et al. [35] examined correlations
between serum phospholipid FA levels collected twice and
FA intake assessed from 7-day weighed dietary records
among 87 Japanese males, and reported single measure-
ment of serum phospholipids as a useful biomarker of n-3
PUFA. While they used serum phospholipids, Ogura et al.
reported PUFA in plasma and erythrocyte phospholipids
were nearly identical among 75 Japanese patients admitted
for non-malignant diseases [21].

In summary, the present study demonstrated that higher
serum EPA and DHA and lower serum ARA compositions
were shown among middle-aged and elderly Japanese, and
these associations were consistent even after adjusting for
the corresponding FA intake. While various measurement
errors associated with FA intakes might have been present
and the results need to be interpreted with caution, the
present findings suggest an effect of age on differences in
blood EPA, DHA, and ARA compositions independent of
the corresponding FA intake among community-dwelling
Japanese men and women.
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The Association between Daily Physical Activity Levels and Brain Atrophy
Progression in Middle-aged and Elderly Japanese
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ABSTRACT

Brain structural atrophy is associated with impairment in learning function and
cognitive function. The purpose of this study was to determine whether daily physical
activity prevents age-related brain atrophy progression.

The subjects were 381 males and 393 females who had participated in both the
baseline and follow-up examinations (mean duration, 8.2 years). Magnetic resonance
imaging of the frontal and temporal lobes was performed at the time of the baseline
and follow-up surveys. The number of steps of the subjects was recorded at baseline

with uniaxial accelerometry sensors. Multiple logistic regression models were fit to
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determine the association between number of steps variables and frontal and temporal
lobe atrophy progression while controlling for possible confounders.

In males, the odds ratio of frontal lobe atrophy progression was increased by
1.480 (95% confidence interval [CI], 1.007-2.175)-fold for every 3,000 decrease in
the number of steps. The odds ratio of frontal lobe atrophy progression for the fifth
quintile compared to the first quintile in the number of steps was 3.651 (95% CI, 1.304-
10.219). There were no significant differences between frontal lobe atrophy progression
and the number of steps in females. There were also no significant differences between
temporal lobe atrophy progression and the number of steps in males and females.

The results indicate that physical activity is significant predictors of frontal lobe
atrophy progression over an 8-year period. Promoting participation in activities may be

beneficial for attenuating age-related frontal lobe atrophy and for preventing dementia.
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HIBEEFRERLIIBIT 5
P - SEERE R O MLTE N5 A B He =R

X K
B

LM R K R4 A
CESTAR P N

%1,2

(2012411 A 26 %4+ 20134 2 A 18 HZH)

BE B S BEAHH LA —BRERCBT2EFHENOMBRBRERLEREHONCTLILZEY
ElL7. HEER [BURFEBRMEL Y 5 — - ZLICHT 2 RARETEZME (NILSLSA) ] D% 5 Kk#
#F (2006-2008 ) HML, ZMBFRMC X 5 M RELEEE 24 278 % 352 L 72 40-88 0B 1,070 4,

TH 1,098 B2 ThHhD, MERHBERLEIERTRIOVTRERRER (wg/ml) 252 &5RBIROB
B (ug/ml) ZEEH (wt%) THRLA. HHOEFmEFE (40, 50, 60, 70, 80-m%) DFEMIBMRILEI,

BRELIIHEBTIZIL o) / L VB, EPA DHA 280 n3 REMAMRMELRRIEEML,

V)= VER7

7% FUBEED 06 REMARABHR IR L. KETIIHIEFIZ CRMEDR L — 85008
DM L7z FEPEHRO LA MERTEBE R RIET 2 WA SARBR S I,

F-U—F: miEEHE BEAN TEEBX FBEF

DHEIBEEECHEERB XL RTRIALEE
ROVEDTHY), BRILICHEVWSHERERI KT S
TEFBEENTWAY, n3 RS MABMKHEREO ¥
a¥~FH B (docosahexaenoic acid : DHA) T
4 a4~y %z (eicosapentaenoic acid : EPA),
06 REMABAEHROT 7% F > BEIBAEORR
HEMROBE*BR T2 EELEIIETH Y, REED
MFICEELEX ONTWAY, B, KEEEDER
HEBEIZBVTRILRO DHA BEFEWZ L2520
BOBRBBOETEMAELAZ LY, LEOHRELR
BEICBWTHEDD EPANM 4 ERMORMERBICE
IWEMEBHB LA LARES N TEYY, mAbfg
TR AS R ek & BIE 5 B AR S hT w3,

FHr ITABRETOVRZAET 2NEEL L NS
&L, fMrhiERhEE L ML ORE L EENICHL D
KTAFETHDN, BEOY VIREPTSF VNV BE
LDHARBEBEII LB, o722 L2% BARALLS
WTERBEIIEER T LIP EPA S L ' DHA XK
, To9XFUVBEBEIo2Z LR ESh TSN,
mrRARRGEE & ARE L OB EN A I TS5 LT, £
WCERBEIC L AMPRIBEREHEL P ITILEND

HEEZD,

HEAGHROFTHLHBEWRBRENEZ VD,
DHA % EPA % £ @ n-3 REMARMBIH KR ESMR
BRICHLELY, BRAOPHESR L, BREKELIER
LR A B L Cw AN H 5, T TICH
BANOLHFEBRLICBVTHEEBR (51-66 %) 1XPhER
K L% o EPA, DHABREAE» o722 L 27,
FRMIRD A VIR VIEEROT I ¥ ¥ BEHERED
EERE (56-T58) DBLTII20ERICHLELo L
CEREPRESNTVEYY, 0ERD IO/ MRE
FEO—RERIZBT D - FRpBER OSBRI IZH S
TR, £ TAPZRIL, HBR»LEESICHEBIL
7o — R AE RIS BT 2 EREE O M iR B 2 5
LI TAHIEREME L,

b1 &

1. X =

MEEFE ELRFEENEL 5 — - BLICHT2
RAM BT &7 (National Institute for Longevity Sci-
ences - Longitudinal Study of Aging : NILS-LSA) | #%5
KA (2006-2008 £E) ICBML-RBEESTPBERT

* E#E - PIBIEERSE (E-mail: otsuka@ncgg.go.jp)

VS ATBIE AR L RFRBFE L - ¥ —NILSLSAIEAMAE (474-8511 BHMBR KA THHRMBENRE 35 Fi)
! MEMRKFRZEERERERBFEER (602-0893 FHH EREX S M)IBFETEA)

S FMBBREREREPEZHRA K~y - REENER (480-1197 BRREAFHAFEI)

* HAHBEEIRERERFENEMAER (470-0196 BHE BET SRR/ 1L 57)
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»5, NILSLSA 13, BRRKAT S L UMS BRI
HEEOER (20054610 A 1 BEERELAELEOADY ¢
KHFTH 80,262 A, HIHFHE 48,046 ) 25, E#B LT
B CTRCEESME L — R4 R 2,400 % (30
BIRESNE40-79 ) 2N RIT197FE0E 1 KRE
LR, BB Foy 779 W9 - ERME T L ICH
RICBIELBAS, H2FEI—ERYELEHFAELE
BLTWwaY, BfEaMbichioTid, HEHRER
#72,400 22 ZHEEE§ A% - FREEF (40, 50, 60, 70 =EAR)
© Bl ANBAH 250-300 BREEERTE L LI RML-
7o T, BIRSMEFUEHIT 2 HRE L ERERICED
SEELMBL TV, BE5KAETIR, FL4XAES
TOBMEMZ, BHFFOFTY 77y P EHET S
TeDIF 7N REZERAED O - FEWREEHICEIL
EEBMB L, BXICLVRAEIAK~OSME RO,
i (BEEAERCHTAHASSNERIHIH), 3
HESME DI IZLED LRESM~DOREZHB.

ABFIE, NILSLSA#5KAEICSML 722,419 A
(BH 1,200 A, TH1,219A) 99 b, FRISRTEE
BF R Z 4TV (2,366 N), BTICLELEBICREBOR
VAR, S8 EDBM1,0704, KHE1,08% 0 E
2,168 NZ BT HHREL L

ZBNILSLSA X, BIEFREFEL Y/ —GHRE
BRCEREALBTHEY (KAFET No. 3692), Atk
) BN RECHAICHBLK LT, SMELZBEOX
FEICLHRAEBEEZBTERBLTS,

2. MEIVAFTO-IL - NUTULY RBKUMBE

BERNER 24 SEIDORIE

12BEM L E o BB R M I X 2B Z, 30 0 EiBS
B#, 3,000rpm (2T 15 5MEGREL, Mmit%oREL
720 FOHERHIC, MiEFZHEIRE L - 80T DR
RBIZFT7: (2006467 B-2008 7 A),

SERREOMFE X, RMHEEPL D> ITHKXES4 SRLST
Fery—icT, P ZYEY FidBEE (GK-GPO -
BREYZ ) LO—NVHE), BIVATFO— VIidBKER
£ (UV) &, HDLIZLAFu—VidEHEEICL W RIE
o7,

-80C CHAAMRAE L2 MiFix, 201007 A2 510
BIZAT T, SEEIRE CHRA KM SRL ( miE e B 24
SEOMEXKBEL 2. REPORRIIEE 24 581,
MmiFA 5 Folch #i2 & Y IRE 2 M, ka8 25
VLB AT o7, TA2u~ b 7574 X0KRE
BEZRVTHE L7z, MiEHIEERLEE, &iE
BizonT, BUERARE (ug/ml) 2595 &EHEN
BE (ug/ml) ZERHE wt%) TRL7

3. ZOMOAERE

%5 RAESIMA (2006467 A-20084 7 H) 2, A
HEryy—2THE, #ELYHEL,. Body Mass Index
(BML kg/m?) %#HH L7, 7z, AESMB LSRR
i, ¥EFSBNELZLET L7003 HHOKER
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BiEHHAE BDR) ~OBHEEEL . BRI,
BT VRF Y b B AT LN, IEEEL RS
L, BSHEOTHHEZT, HESMBELE1 » BUA
DFHE (ITHR) &%V kB 1 B EHKT 5FH
2H, B3 HEOAENERLGREL L UREHAKDE
HEEBEL . EHSW-EGHAKLERERZ DL, &
BOBEBREELPEEMOI-F4 V7 EEZ T
% HITHBAESESRICESEIFEFSENETEN
L7,
BRXEMRC Ly 2E0RE, BAE (BNE &
FRMSE, HRHE) L. AVBIVEERERICI VAL
FEHOFHHLREREIBEL

4. HEHBWR
FTRTOFITIHENEICITo 2. ERBEIZS T (40,
50, 60, 70 &AL & 80P L) AL 7o ERWMBEIC L
% BMI, RERFHRNE MFERE S X CmEED
BERLEOELZ, —BREEFVERAVERNZOSEE
LEMEOREICE VEHE L. EEEOBEEZ, £
BB 28R EBERBOLR L LD ICHEICHR
LTWADERET A0, GIM 7Oy v+ (&
o) RV, BT A—F— L LTERBESBIC
“=2. -1, 0,1, 2" 2 Tixn, HEHICLIIEREY
DOFFEMBLUBRELDICES, FEOEEEREY
b o Tl L7z

FEWHFICBT2RERE, BERKREOHEGOEINIAZ
FERETE, ABSLUTOIFITIRHLEE1E2
TIURITUNANYY I VIREIWZE VFHEL 7o AT
VEROEREICB ) 2 RFoEREORER, 375
YT—IF—VREEZHAV.

M 1213 SAS 9. 3 (SAS Institute, Cary, NC, USA) %
v, p<005 25t ERL AL L

= g

% EFRHENOHBEFORELELIIR L. BMI
DFGEIZBHD 50 LD 23.8 kg/m*, THED 70 &L
D2RIkg/m* HTHEZR L7z, REREANER, B
e HIZEREP LA T S I10E, THAVF—REE,
AR RERER, BEENESMET L, BISRENE
TIEB L bictaf, —@A8M, n6REMABAE
PEENELSRA L, n3 REMARABBRBRE
RBEEDCERBOLAICH I FELHERIIZHON
Lhol,

2 I -ERBEHNoOME P EIFEAE, 2L AFO—
VREE, MUY FBRERZR L. BHTIIRE
BE BaIVAFO—N, NI FYEYFEDIZISOE
RCHEMEER L7z, TR TIREBHERE, M) 7Y &Y
FAT0 S TIEMEZRL, HDLI L AFu— Vi
BIILET L7

£33t - EMBEHNOMIERBRERILEZR L.
HENROBIIEE 24 7B S H, —MARMBHED



o1

&K1 H - ERBIOHREORE

40-49 &% 50-59 &, 60-69 & 70-79 & 80-88 & #Ei ﬁ“;”
B (n=1,070) (n=241) (n=268) (n=262) (n=243) (n=56)
BMI (kg/m®) 23326 23827 23.0+27 229+26 223+25 <001 <0.01
FRH SR E
I NVEF— (kcal/day) 2,304 + 416 2,268 + 386 2,269 + 343 2,124 + 378 1,097 £ 351 <0.01 <0.01
72AECE (g/day) 81.8+16.4 841162 86.5+159 814+17.4 776+15.3 <0.01 0.03
R® (g/day) 674+19.3 62.916.7 585+ 15.4 523+15.3 477+138 <0.01 <0.01
BAIEY (g/day) 307.8 £ 65.1 301.2+62.9 310.8+55.4 305.2 + 62.3 289.5+54.3 0.11 0.08
fufpBRRE (g/day) 19.1%6.3 17.2+56 16054 145+52 132+46 <0.01 <0.01
— i RAENE (g/day) 24784 225+638 204 6.3 17.7%6.1 156+5.4 <0.01 <0.01
n3 REEARAMIENEE (g/day) 25+09 29=+11 29%10 27+1.1 25209 0.0002 0.50
n6 REMALLHIENE (g/day) 12338 11.6+34 108£29 96+29 9430 <0.01 <0.01
7ra— (mL/day) 0955 0414 03+1.2 0.2+1.1 01+08 0.04 0.04
BEARE
BILE (2(%)) 19 (7.9%) 69 (25.8%) 93 (35.5%) 117 (48.2%) 27 (48.2%) <0.01 <0.01
wiEmLE (2(%)) 23 (95%) 57 (21.3%) 54 (20.6%) 57 (23.5%) 5 (8.9%) <0.01 0.02
BmRAE (n(%)) 4 (1.7%) 22 (8.2%) 32 (12.2%) 28 (11.5%) 8 (14.3%) <0.01 <0.01
BERRD Y (2(%)) 73 (30.3%) 85 (31.7%) 60 (22.9%) 45 (18.5%) 2 (36%) <0.01 <0.01
ot (n=1,098) (n=263) (n=259) (n=261) (n=245) (n=70)
BMI (kg/m®) 21936 224+34 22730 229+29 223+32 0.005 0.120
TS AR
A NF— (kcal/day) 1,862+ 317 1,858 + 305 1,815 = 293 1,767 + 276 1,674 + 322 <0.01 <0.01
72 AR (g/day) 68.7+136 70.7 +13.0 715+13.2 700+ 13.6 62.7+134 <0.01 <0.01
FE®R (g/day) 59.8+15.1 55.4 + 14.6 50.0+12.9 46.9+133 432+12.1 <0.01 <0.01
®AILY (g/day) 250.4 + 45.8 2584 £49.1 264.3+49.8 260.5 + 435 254.4 £56.9 0.02 0.46
safiEni® (g/day) 179+56 16.2£59 141%45 13246 126+44 <0.01 <0.01
—fEA AR (g/day) 214+59 194£55 17152 158 £5.0 144+43 <001 <0.01
n-3 RS MBI (g/day) 2208 23+08 23+09 23+09 2108 0.34 0.44
n6 REMEAMMEEE (g/day) 10.3%3.0 98+28 92+28 87+27 8.1+30 <0.01 <0.01
7 a—n (mL/day) 05+34 04%19 0105 02+14 02+13 0.11 0.10
B
BIE (2(%)) 13 (4.9%) 41 (15.8%) 90 (345%) 120 (49.0%) 41 (58.6%) <0.01 <0.01
BlRIE (#(%)) 12 (46%) 43 (16.6%) 75 (28.7%) 78 (31.8%) 18 (25.7%) <0.01 <0.01
BRE (#(%)) 6 (2.3%) 7 (27%) 23 (8.8%) 25 (10.2%) 3 (4.4%) <001 <0.01
BEEEH N (n(%)) 17 (6.5%) 18 (7.0%) 10 (3.8%) 6 (25%) 1 (14%) <0.01 <0.01

Pl EERE IRAK (%) TRl

BMI : Body Mass index,

W WA BRI O 2 & 4y oy

6¥1



150 BAFE fR¥FRE $66% #£35 (2013)

IVAPVA VB (Cl4: nb) 22N ETHRBBRL
T 0lug/mL) THolzlzd, EREERL TRV,
BREDICERBEDO LAITHEY, o)) /L B, EPA,
Fad~Ry¥x % DHA#&t n3 REMARI

%ﬁ - sas . ses BRI TR EER LRERL, —F, U ) —
5~ S SsSs8 S S¢S VLT IF N EEEED n6 REMALAISI K
}g HBRET L7z 271, n6 REMARBAIEED S
ThH U/ VUBEBRLE, ERBOLALKICEHRT
gg § ggg 3 ggg ETHEm AR L2228, I CigimEm %R L7,
i v v (VARRVAVAY, KETREREO LRI, IYRFVE, L3
F B G URRIRI B R R L, SR
DHRTHERTTY VBRTIXV VB N~ Y
lawls § 828 |5 3 252 774 VERBILIET L. *BTREREO LS
% g T %é; TP Y, LA VB VT LA BRSO —iAR
= =17 3 BPE |© 3 KSg FUBEAFREHE B LR A5 L 72
A % =
Nals 8 358 | 8 293 HoS > A 3 UK L7 AR 4 A & L ACRT
“le s a2 oard IS m Haw KT, BLLbICHBEITY 03 RS MRS
w| 1S T EBS |2 8 gug WA LR U, 06 %A RO E R BHE B b i3
% T L7zo RHETIRRIEEE L R IRASREME R sk & —
) T RAIRRT R R AT L 72 BARANZHRE L
0 wls ¥ 82F |5 8 233 THEMRFOMIE EPA, DHA, 75 % NV EBHERL &
§ 8 $ JoAas § Hode HLAZBRLIICNETHOHEET LA, 0% S0ERD
CRlB|E Z 858 |8 § g33 HBAEE-BERE BT IHRERTLALRL, I
) BERBE 24 T OB 4 DERFEEIC DV T - EREFO
- MRS AR L2 8iE, s ORISR D ISR v,
E wls 8 298 |4 g 23w BAANDKERELZHRE L7 Kuriki ef al. OFf%
Bl |8 7 375 |B % 858 Tid, 3DDOERE (3242, 43-50 &%, 51-66 %) iC
A = F 338 |8 8 223 BTSRRI B L2 25, 51-66 &
e °os T A DT MAARB. EPA. DHAYE<L, 77 %
S FUEBpdELroI LY, BAAKREE (0K) X
# | s wse | e 213 FEBELEBBL (56-75 %) ORMKSD 5\ M
BIEIR T S4N 18§ VLW W) ¥ IR R OBER AR % % K8k L 72 Kawabata ef
1L § 283 |L 8 228 al. DRI TIE, HIE (56-75 %) DBRIGAEE (20
H T oS B) KL, 7% FUBaMEL, EPA B X UFDHA
N BERolI LFBEESNTENY, AFEOERL—3K
e Lo RBRE % B0 OIS b BIFHIR Cd 5 72,
2 3 ERMBRBETE LA, EREOLRICHEV DT
B8, S DIEMHERRLENELL TV I LSRR S R,
3 Es% g E:3 #BED) ¥ EH O 06 RSMHAAIENBED % 2T
£ )= £ )=l BT 7X FrBEERBIELETLTRAZERY, 7
s S ezl 3 LRHE WINAT—HOBEIAEHORELCH L, HER
S M RIr 1S m RNy CEBBAOT 5% K BONREENES T L%
= 5 SAN s g NN ERBESNTE DY, NRICHEVERNOT IF K
¢ E 222 g E %2~ |B BIMREATE LR, T T % VB0 MiEIRN R

RERAFETLTWAIRELEX Hhiz,
ARATIFEHH L2 ZHEVRBEOZR LR

5 ET, MiERHRERE (ug/mL) T%L, RIEVBE

BEICLHD L ZEHRBEOHRILE (wt%) % Hwv/.
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PEER O MR LR 151
T3 - FRER O MR
8% (n=1,070)
40-49 50-59 60-69 70-79 80-88 b3 gg‘%
(n=241) (n=268) (n=262) (n=243) (n=56) ? »
SBAMY® (wt%) 3154192 31.72%191 31.85+202 31.93+1.83 31.74£1.83 0.22 0.32
A1 C12:0 0.05 = 0.04 0.06 = 0.07 0.06 £ 0.05 0.06 £ 0.06 0.06 £0.03 0.53 0.94
INAF VB Cl4:0 0.82 +0.30 0.88+0.31 0.89+0.30 0.91+0.32 0.91+024 <0.01 0.02
RAVIF B C16:0 22,13+ 181 2230+ 1.82 2242+ 184 2275+ 1.74 2245+ 1.69 <0.01 0.05
AFTY VB C18:0 701 0,59 7.03 £ 0.60 7.04  0.67 6.88 = 0.64 6.93 0,67 0.02 0.11
ToxY B C20:0 0.24 £ 0.05 0.23 +0.04 0.23+0.04 0.22+0.04 0.22 +0.03 <001 <001
NAZ VB C22:0 0.68 £0.15 0.64 =0.15 0.62+0.14 059 +0.12 0.57 £0.10 <001 <001
VPPEDNY. C24:0 0.62+0.12 0.60 £ 0.14 0.60+0.13 0.58+0.12 0.58 = 0.09 0.02 0.03
— AR R (Wt%) 22.64 +2.88 2251370 22.16+3.27 22,69 + 2.89 22,85+ 273 0.24 0.51
NRVIPLA VB Cl16:1n-7 1.96 = 0.69 204070 2.22+0.84 246+ 0.84 2.53+0.73 <001 <001
LR Cl18:1n-9 1932264 19.14 =283 1855+ 2.86 18.91 = 2,59 18.83 +2.43 0.02 0.14
EYE-E3Y. ] C20:1n-9 0.15 % 0.04 0.16 * 0.04 0.16 £ 0.04 0.16 = 0.04 0.16 £ 0.04 0.11 0.08
DS C22:1n-9 0.05 = 0.02 0.05 = 0.02 0.05 +0.02 0.05 +0.02 0.05 = 0.02 <0.01 0.82
AVEB C24:1n-9 1.15 = 0.29 1.11£0.29 120 £0.28 1.19+0.28 1.29 £0.27 <001 <001
n-3 REMARLERTE (wt%) 8.08 224 9.52+2.80 10.81 +3.20 10.38 % 2.72 10.70 = 3.00 <001 <001
) VB C18:3n-3 0.81 £ 0.25 0.89 = 0.28 0.85 0,25 0922028 0.94 £0.27 <001 <001
EPA C20:5n-3 1.94 £ 1.02 2.55 = 1.41 312165 2.78+1.34 297154 <001 <001
Fag~Rryro®  C225n-3 0.65+0.16 0.72+0.18 0.79+0.19 0.80+0.21 0.83+0.23 <001 <001
DHA C22:6n-3 467 122 536 % 1.39 6.05+1.63 5.89+1.43 5.96+1.46 <001 <001
o6 RS MMM (wt%) 37.68 = 4.07 36.19+4.38 35.11+4.38 34.82+4.38 3467 390 <001 <001
W — LB C18:2n-6 29.82 = 3.98 2894 £4.11 27.96 +4.27 27.94+4.16 27.64 =392 <001 <001
IRV 3 Cl18:3n-6 0.36 = 0.16 0.320.14 031+0.14 0.28+0.14 0.28 = 0.12 <001 <001
BV E-L kY. C20:2n-6 0.19+0.03 0.19+0.03 0.19%0.03 0.20 + 0.04 0.20 + 0.04 <0.01 0.02
JEEP)IULVE C2030-6 1.23+0.29 111027 1.08+0.28 1.10£0.27 1.09+0.27 <001 <001
TV B C20:4n-6 591121 547 £1.19 542 +1.02 5.15%1.12 5.31 + 1.06 <001 <001
Fa#s bS8 C22:4n-6 0.17 = 0.04 0.15+0.03 0.15+0.03 0.15+0.03 0.15£0.04 <0.01 0.00
n9 REEAIEDRE (wt%)
A% )8 C20:30-9 0.06 £ 0.02 0.05+0.02 0.05+0.03 0.05x0.03 0.05+0.03 <0.01 0.13
&t (n=1,098)
40-49 50-59 60-69 70~79 80-87 PR ﬁf;%
(2=263) (n=259) (n=261) (n=245) (n=70) ? ?
RFNTERE (wt%) 31.10 + 1.42 3115 % 1.65 31.38 % 1.76 3159 + 1.78 3199191 <001 <001
Y- C12:0 0.06 = 0.04 0.06 = 0.04 0.06 = 0.04 0.06 = 0.05 0.05 = 0.02 0.86 0.39
IYRF VB Cl4:0 0.76 = 0.27 0.80 £ 0.27 0.86 £ 0.26 0.89 = 0.28 0.92+0.27 <001 <001
RVIF OB C16:0 2141135 21.30 £ 155 21.64 * 1.63 22.08 + 1.70 2253+ 175 <001 <001
AFTY B C18:0 7.24 = 0.54 7.35£0.57 7.25 £ 0.56 7.12+054 7.05 = 0.56 <001 <001
TRV B C20:0 0.27 £ 0.04 0.26 + 0.04 0.26 2 0.04 0.24 = 0.04 0.24 = 0.04 <001 <001
RAaz U@ C22:0 0.76 £0.13 0.74 £ 0.13 0.70 = 0.13 0.64 £0.11 0.62 £ 0.10 <001 <001
DEFE DT C24:0 0.64 £0.10 0.65 £ 0.12 0.63 £ 0.12 0.59 = 0.10 0.59 = 0.10 <001 <001
~EFRABHR (wt%) 2091 231 21.10 = 2.63 21,70 £ 2.71 2253 +2.77 2322 2,94 <001 <001
HVIbL4vE Cléln-7 1.78 £ 0.55 1.90 = 0.60 213 %074 242+ 081 2.70 = 1.06 <001 <001
Av4 8 Ci8:1n-9 17.75 £ 2.09 17.75 £ 2.37 18.18 = 2.40 18.64 + 246 19.02 235 <001 <001
EPE-E27 -] €20:1n-9 0.14 £ 0.03 0.14 £ 0.03 0.15+0.04 0.14 £ 0.03 0.14 £ 0.02 046 0.88
Ey 2. C22:1n-9 0.06 = 0.02 0.05 = 0.02 0.05 +0.02 005 0.02 0.05 002 0.02 0.14
AWK B C24:1n-9 1.23%0.22 1.27 £ 0.27 122+027 124028 1.25 = 0.24 0.21 0.88
n-3 RE A WA (wt%) 7.81 £2.02 9.41 £ 242 1014 £ 234 1054 %274 9.84 £ 265 <001 <001
al VB C18:3n-3 0.75 = 0.19 0.80 £0.20 0.89 £ 0.35 0.91 = 0.24 0.87 = 0.24 <001 <0.01
EPA C20:5n-3 1.73 £0.97 252 %132 265+ 1.23 2.75 + 1.40 243+ 1.26 <001  <0.01
FayRyyx B C225n-3 0.61 £0.12 0.70 £ 0.16 0.76 £ 0.16 0.78 £0.19 0.78 £ 0.22 <001 <001
DHA C22:6n-3 472+ 1.08 539+ 1.16 5.85+1.20 610138 5.76 + 1.56 <001 <001
n6 FBEA B (wt%) 40.05 = 3.28 3827 £3.74 36.69 = 3.70 3530+ 3.72 3494 %373 <001 <001
DAY ] C18:2n-6 32.09 = 3.28 30.58 + 3.72 29.14 379 27.90 + 3.68 27.81 £ 3.83 <001 <001
AV ] C18:3n-6 0.29+0.13 0.34 £ 0.16 0.36 £ 0.18 0.35=0.16 0.35 = 0.20 <001 <001
T4a4v % C20:2n-6 0.19 = 0.03 0.18 £0.03 0.19 +0.03 0.19 = 0.03 0.20 + 0.03 <001 <001
YhEM LB C20:30-6 1.18£0.29 1.16 £0.28 1.18+0.29 1.20 £0.29 1.22+031 0.44 0.17
TIRFB C20:4n-6 6.13 = 1.03 5.86 = 1.01 5.67 £ 1.07 549 + 1.02 5.20 £ 0.94 <001 <001
Fa%7 bS58 C22:4n-6 0.17 = 0.04 0.15 £ 0.04 0.15 = 0.04 0.15 % 0.04 0.16 £ 0.05 <0.01 0.05
n9 REEFRMMER (wt%)
T4 a4y vB C20:3n-9 0.05 * 0.02 0.05 £ 0.02 0.05 + 0.04 0.05 * 0.03 0.06 = 0.05 0.16 0.03
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