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Abstract Docosahexaenoic acid (DHA) and arachidonic

acid (ARA) are the predominant long-chain polyunsatu-

rated fatty acids (PUFA) among membrane phospholipids

in the mammalian brain and neural tissues. This cross-

sectional study examined age effects on serum eicosapen-

taenoic acid (EPA), DHA, and ARA compositions assessed

with reference to dietary intakes among 1,014 Japanese

men and 1,028 Japanese women aged 40–79 years. Venous

blood was collected early in the morning after at least 12-h

fasting. Serum fatty acid (FA) compositions were expres-

sed as molar percentages of the total FA (mol% of total).

Diet was assessed using a 3-day dietary record that inclu-

ded photographs. Participants were categorized into groups

by sex and age (40–49, 50–59, 60–69, and 70–79 years).

Intakes of fish, EPA, and DHA tended to increase with age.

Significant positive correlations between serum FA com-

position and the corresponding weight percentage of total

FA intake were observed for EPA and DHA in all sex and

age groups, and for ARA among females in their 40s.

Serum EPA and DHA compositions were higher, while

ARA decreased with age, and these associations remained

consistent even after adjusting for corresponding FA

intake. These results suggest potential effects of age on

differences in blood EPA, DHA, and ARA compositions,

independent of corresponding FA intake among community-

dwelling Japanese men and women.
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Abbreviations

ALA Alpha-linolenic acid

ARA Arachidonic acid

DHA Docosahexaenoic acid

EPA Eicosapentaenoic acid

FA Fatty acid(s)

LNA Linoleic acid(s)

NILS-LSA National Institute for Longevity Sciences

Longitudinal Study of Aging

PUFA Polyunsaturated fatty acid(s)

Introduction

Docosahexaenoic acid (DHA) and eicosapentaenoic (EPA)

of the n-3 polyunsaturated fatty acids (PUFA) and arachi-

donic acid (ARA) of the n-6 PUFA are the predominant

long-chain PUFA of membrane phospholipids in mam-

malian brain and neural tissues [1, 2]. These PUFA have

been shown to partake in numerous cellular functions

affecting membrane fluidity, membrane enzyme activities,

and eicosanoid synthesis [3]. Several studies have shown

that n-3 fatty acid (FA) levels in blood differ significantly

between individuals with normal cognitive functioning and

those with cognitive impairment [4, 5], and cognitive
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impairment might be partly due to age-dependent decreases

in membrane n-6 PUFA levels, particularly as ARA is

abundant in hippocampal neurons [6–8].

Conversely, age-related changes in blood FA composi-

tions have been reported, as increases in EPA and DHA

and decreases in ARA with age [9–12]. However, blood

levels of these FA, particularly the n-3 PUFA EPA and

DHA, depend on dietary intake [13], and high blood levels

of n-3 PUFA have been reported among Norwegian [14],

Japanese [15], and Chinese populations [16], where fish

consumption is high compared to American or Hispanic

populations.

The Japanese have a long history of eating seafood rich in

n-3 PUFA. Nevertheless, fish consumption among Japanese

individuals has decreased markedly in the last 50–60 years

[17]. In addition, younger and middle-aged individuals

consume less seafood than the elderly [17], so PUFA intake

and blood FA compositions in Japan might differ by age and

generation. To clarify age effects on blood FA composition

among Japanese groups, age-related dietary intake should be

considered. Kawabata et al. [18] reported that ARA content

in erythrocytes and plasma phospholipids in the elderly (22

men aged 60–75 years, and 32 women aged 56–73 years)

was lower than that in 20-year-old men and women, even

though ARA intake was nearly identical. However, they

compared FA levels between only two age strata (20 s and

50–70 s), and age-dependent differences in blood EPA,

DHA, and ARA compositions among middle-aged and

elderly individuals facing an increased risk of cognitive

impairment remain unclear.

The present study therefore examined age effects on

serum EPA, DHA, and ARA compositions assessed with

reference to dietary intakes among community-dwelling

Japanese men and women aged 40–79 years.

Materials and Methods

Study Subjects

Data for this survey were collected as part of the National

Institute for Longevity Sciences Longitudinal Study of

Aging (NILS-LSA). In this project, the normal aging process

has been assessed over time using detailed questionnaires

and medical checkups, anthropometric measurements,

physical fitness tests, and nutritional examinations. Partici-

pants in the NILS-LSA included randomly selected age- and

sex-stratified individuals from the pool of residents in the

NILS neighborhood areas of Obu City and Higashiura Town

in Aichi Prefecture. Details of the NILS-LSA study have

been reported elsewhere [19].

Participants in the fifth wave of the NILS-LSA were

1,200 men and 1,219 women between 40 and 88 years old

from July 2006 to July 2008. We excluded from analysis

those participants who were C80 years old (n = 162), who

fasted \12 h, who were unable to supply a sufficient vol-

ume of blood (n = 54), or who did not complete either the

nutritional assessments (n = 159) or the self-reported

questionnaire (n = 2). A total of 2,042 Japanese (1,014

men, 1,028 women) between 40 and 79 years old were

available for analysis.

The study protocol was approved by the Committee of

Ethics of Human Research of the National Center for

Geriatrics and Gerontology (No. 369-2). Written informed

consent was obtained from all subjects.

Blood Sampling and FA Analysis

Upon enrolment in the survey, venous blood was collected

early in the morning after at least 12-h fasting. Blood

samples were centrifuged at 3,5009g for 15 min. Serum

was separated and frozen at -80 �C before analysis for FA

content by a single technician. Serum FA composition was

measured by gas–liquid chromatography at a clinical lab-

oratory (SRL, Tokyo, Japan). Briefly, total lipids in the

serum were extracted using the Folch procedure and FA

were then methylated with BF3/methanol. Transesterified

FA were then analyzed using a gas chromatograph

(GC-17A; Shimadzu, Kyoto, Japan) with a capillary col-

umn Omegawax 250 (Supelco, Bellefonte, PA, USA).

Weight of each FA (lg/mL) as FA concentration were

identified by comparison with known standards, and the

molar percentage of each FA among total FA (mol% total)

was quantified by the total moles for all FA. Intra- and

inter-assay precision and accuracy values [coefficient of

variation (CV)] were 3.2 and 5.8 CV % for ARA, 2.7 and

6.9 CV % for EPA, and 1.9 and 6.9 CV % for DHA,

respectively.

We examined 24 serum FA: lauric (12:0), myristic

(14:0), palmitic (16:0), stearic (18:0), arachidic (20:0),

behenic (22:0), lignoceric (24:0), myristoleic (14:1n-5),

palmitoleic (16:1n-7), oleic (18:1n-9), eicosenoic (20:1n-

9), erucic (22:1n-9), nervonic (24:1n-9), alpha-linoleic

(18:3n-3), eicosapentaenoic (20:5n-3), docosapentaenoic

(22:5n-3), docosahexaenoic (22:6n-3), linoleic (18:2n-6),

gamma-linoleic (18:3n-6), eicosadienoic (20:2n-6), diho-

mo-c-linoleic (20: 3n-6), arachidonic (20:4n-6), docosa-

tetraenoic (22:4n-6), and 5-8-11 eicosatrienoic (20:3n-9)

acids. For grouped FA, we defined: saturated FA as the sum

of (12:0), (14:0), (16:0), (18:0), (20:0), (22:0), and (24:0);

monounsaturated FA as the sum of (14:1n-5), (16:1n-7),

(18:1n-9), (20:1n-9), (22:1n-9), and (24:1n-9); n-3 series

polyunsaturated FA as the sum of (18:3n-3), (20:5n-3),

(22:5n-3), and (22:6n-3); n-6 series polyunsaturated FA as

the sum of (18:2n-6), (18:3n-6), (20:2n-6), (20: 3n-6),

(20:4n-6), and (22:4n-6); and polyunsaturated FA as the
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sum of n-3 and n-6 series polyunsaturated FA and (20:3n-

9).

Nutritional Assessments

Nutritional intakes were assessed using a 3-day dietary

record after participation in the survey. The dietary record

was completed over 3 continuous days (both weekend days

and 1 weekday) [20], and most subjects completed it at

home and returned records within 1 month. Food was

weighed separately on a scale (1-kg kitchen scales; Sekisui

Jushi, Tokyo, Japan) before being cooked or portion sizes

were estimated. Subjects used a disposable camera

(27 shots; Fuji Film, Tokyo, Japan) to take photos of meals

before and after eating. Dietitians used these photos to

complete missing data, and telephoned subjects to resolve

any discrepancies or obtain further information when

necessary. Averages for 3-day food and nutrient intakes

were calculated according to the fifth edition of the Stan-

dard Tables of Foods Composition in Japan and other

sources [20]. Alcohol intake in the previous year was

assessed using a food frequency questionnaire; trained

dieticians interviewed subjects using this questionnaire.

Other Measurements

Medical history of heart disease, hypertension, hyperlip-

idemia and diabetes (past and current), education (B9,

10–12, or C13 years of school), and smoking status (yes/

no) were collected using questionnaires. Body mass index

was calculated as weight in kilograms divided by the

square of height in meters. Serum triacylglycerol levels

were measured using enzymatic methods, total and high-

density lipoprotein-cholesterol levels were measured using

the dehydrogenase method and direct method, respectively,

at a clinical laboratory (SRL, Tokyo, Japan).

Statistical Analyses

All statistical analyses were conducted using Statistical

Analysis System software version 9.1.3 (SAS Institute,

Cary, NC, USA). Serum FA concentrations were deter-

mined in moles per liter and serum FA compositions were

expressed as molar percentages of the total FA (mol% of

total). Participants were categorized into four age groups

(40–49, 50–59, 60–69, or 70–79 years). Linear regression

models were constructed using the PROC GLM procedure

to examine associations between age groups and dietary

indices/serum FA (mmol/L). Comparisons between dietary

indices/serum FA (mmol/L) according to age group were

performed by one-way analysis of variance and the trend

test. Relationships between serum FA composition (mol%

of total) and the corresponding FA intake (wt%) as the

weight percentage of total FA intake (g/day) were exam-

ined using Pearson’s correlation coefficients according to

age group by sex, because interactions existed between

some kinds of dietary FA intake and corresponding FA

composition by age group in both men and women. Mean

serum FA compositions (mol% of total) according to age

groups were calculated using the PROC GLM procedure,

and to eliminate the effects of FA intake on serum FA

compositions, a subsequent model included the corre-

sponding FA intake (wt%) into covariates. All reported

P values were two-sided, and values of P \ 0.05 were

considered significant.

Results

The characteristics of the participants are presented in

Table 1. Mean (standard deviation) age and BMI were 59.4

(11.4) years and 23.2 (2.7) kg/m2 for men and 59.1 (11.6)

years and 22.4 (3.3) kg/m2 for women, respectively. Cur-

rent smokers comprised 25.9 % of men and 5.0 % of

women. Prevalences of hypertension and hyperlipidemia

were 29.4 and 18.8 % in men and 25.7 and 20.2 % in

women, respectively.

Table 2 shows the mean daily food and nutrient intakes

according to age group and sex. In both men and women,

intakes of fish and seaweed increased and meat intake

decreased with increases in age. Energy and fat intake

Table 1 Characteristics of participants

Men (n = 1,014) Women (n = 1,028)

Mean ± SD Mean ± SD

Age (years) 59.4 ± 11.4 59.1 ± 11.6

Alcohol (g/day) 0.4 ± 2.9 0.3 ± 2.1

Body mass index (kg/m2) 23.3 ± 2.7 22.4 ± 3.3

Triacylglycerol (mg/dl) 125.3 ± 80.9 98.3 ± 67.2

Total cholesterol (mg/dl) 208.3 ± 32.7 220.9 ± 32.9

HDL-cholesterol (mg/dl) 57.2 ± 14.5 67.5 ± 15.4

n, % n, %

Education

B9 years 166, 16.4 200, 19.5

10–12 years 358, 35.3 460, 44.8

C13 years 490, 48.3 368, 35.8

Smoking status

Current 263, 25.9 51, 5.0

Former/never 751, 74.1 977, 95.0

Clinical history

Heart disease 160, 15.8 99, 9.6

Hypertension 298, 29.4 264, 25.7

Hyperlipidemia 191, 18.8 208, 20.2

Diabetes 86, 8.5 61, 5.9
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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

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

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

Men (n = 1,014) ANOVAa P for trend

40–49 (n = 241) 50–59 (n = 268) 60–69 (n = 262) 70–79 (n = 243)

Fish (g) 75.0 ± 45.3 108.5 ± 59.3 116.1 ± 57.2 107.4 ± 50.7 \0.0001 \0.0001

Seaweed (g) 16.3 ± 22.2 17.3 ± 20.1 20.3 ± 21.7 24.2 ± 32.4 0.001 \0.0001

Meat (g) 108.6 ± 52.5 80.7 ± 40.9 72.6 ± 39.9 56.3 ± 39.8 \0.0001 \0.0001

Egg (g) 43.1 ± 28.0 49.3 ± 27.9 46.4 ± 25.9 44.2 ± 26.5 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 81.4 ± 17.4 0.002 0.822

Fat (g) 67.4 ± 19.3 62.9 ± 16.7 58.5 ± 15.4 52.3 ± 15.3 \0.0001 \0.0001

Carbohydrate (g) 307.8 ± 65.1 301.2 ± 62.9 310.8 ± 55.4 305.2 ± 62.3 0.322 0.928

Saturated fatty acids (g) 19.1 ± 6.3 17.2 ± 5.6 16.0 ± 5.4 14.5 ± 5.2 \0.0001 \0.0001

Monounsaturated fatty acids (g) 24.7 ± 8.4 22.5 ± 6.8 20.4 ± 6.3 17.7 ± 6.1 \0.0001 \0.0001

Polyunsaturated fatty acids (g) 14.8 ± 4.4 14.5 ± 4.0 13.7 ± 3.4 12.3 ± 3.6 \0.0001 \0.0001

n-6 series polyunsaturated fatty acids (g) 12.3 ± 3.8 11.6 ± 3.4 10.8 ± 2.9 9.6 ± 2.9 \0.0001 \0.0001

LNA (mg) 11,999.9 ± 3,820.9 11,315.1 ± 3,475.1 10,526.5 ± 2,886.9 1,344.3 ± 481.4 \0.0001 \0.0001

ARA (mg) 178.6 ± 68.9 184.5 ± 64.2 182.1 ± 63.0 171.4 ± 64.4 0.120 0.200

n-3 series polyunsaturated fatty acids (g) 2.5 ± 0.9 2.9 ± 1.1 2.9 ± 1.0 2.7 ± 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 ± 422.2 691.8 ± 437.1 \0.0001 \0.0001

Women (n = 1,028) ANOVAa 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 ± 43.3 87.8 ± 44.7 \0.0001 \0.0001

Seaweed (g) 15.4 ± 19.9 15.6 ± 18.8 19.8 ± 26.4 19.8 ± 21.2 0.014 0.004

Meat (g) 68.8 ± 38.5 59.1 ± 32.6 51.0 ± 31.3 44.9 ± 27.8 \0.0001 \0.0001

Egg (g) 38.9 ± 22.7 37.2 ± 23.0 38.1 ± 25.3 40.1 ± 24.6 0.573 0.508

Energy (kcal) 1,862.1 ± 317.1 1,857.7 ± 305.4 1,814.5 ± 293.4 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 55.4 ± 14.6 50.0 ± 12.9 46.9 ± 13.3 \0.0001 \0.0001

Carbohydrate (g) 250.4 ± 45.8 258.4 ± 49.1 264.3 ± 49.8 260.5 ± 43.5 0.008 0.007

Saturated fatty acids (g) 17.9 ± 5.6 16.2 ± 5.9 14.1 ± 4.5 13.2 ± 4.6 \0.0001 \0.0001

Monounsaturated fatty acids (g) 21.4 ± 5.9 19.4 ± 5.5 17.1 ± 5.2 15.8 ± 5.0 \0.0001 \0.0001

Polyunsaturated fatty acids (g) 12.5 ± 3.5 12.1 ± 3.3 11.5 ± 3.4 11.1 ± 3.3 \0.0001 \0.0001

n-6 series polyunsaturated fatty acids (g) 10.3 ± 3.0 9.8 ± 2.8 9.2 ± 2.8 8.7 ± 2.7 \0.0001 \0.0001

LNA (mg) 10,079.2 ± 2,949.7 9,601.6 ± 2,744.0 8,935.5 ± 2,742.9 8,523.6 ± 2,614.5 \0.0001 \0.0001

ARA (mg) 153.5 ± 51.5 147.9 ± 50.9 149.1 ± 52.9 144.4 ± 55.0 0.279 0.079

n-3 series polyunsaturated fatty acids (g) 2.2 ± 0.8 2.3 ± 0.8 2.3 ± 0.9 2.3 ± 0.9 0.524 0.279

ALA (mg) 1,410.2 ± 486.5 1,332.1 ± 457.3 1,243.8 ± 474.2 1,256.8 ± 450.2 \0.0001 \0.0001

EPA (mg) 216.6 ± 184.6 267.5 ± 202.2 300.4 ± 196.4 300.4 ± 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
a ANOVA one-way analysis of variance

722 Lipids (2013) 48:719–727

123



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, 2.47,

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.

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

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

(n = 241)

50–59

(n = 268)

60–69

(n = 262)

70–79

(n = 243)

40–49

(n = 263)

50–59

(n = 259)

60–69

(n = 261)

70–79

(n = 245)

Saturated fatty acids 0.10 0.03 -0.10 -0.02 -0.01 -0.01 0.12* 0.02

Monounsaturated fatty

acids

0.10 0.03 0.09 0.22* 0.15* 0.11 0.06 0.07

Polyunsaturated fatty

acids

0.21* -0.12 -0.01 0.06 0.12 -0.01 0.09 0.02

n-6 series polyunsaturated

fatty acids

0.20* -0.04 -0.05 0.11 0.09 -0.09 0.12 -0.03

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

fatty acids

0.39* 0.34* 0.39* 0.27* 0.22* 0.35* 0.33* 0.42*

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
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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

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

Table 4 Serum FA concentration (mmol/L) according to age groups by sex

Men (n = 1,014) ANOVAa P for trend

40–49 (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 ± 1,317 2,511 ± 921 2,535 ± 754 0.048 0.097

Polyunsaturated fatty acids (mmol/L) 5,008 ± 962 5,156 ± 1,124 4,903 ± 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 ± 189 \0.0001 \0.0001

Women (n = 1,028) ANOVAa P for trend

40–49 (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 ± 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 ± 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 ± 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
a ANOVA, one-way analysis of variance
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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

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

Fig. 1 Serum FA composition

(mol% of total) adjusted for

corresponding FA intake (wt%)a

by sex. All values are expressed

as means ± SE. aFA intake

(wt%): weight percentage of

total fatty acid intake (g/day).
bANCOVA (one-way analysis

of covariance) P \ 0.05 and

trend P \ 0.05. FA fatty acids,

SFA saturated fatty acids,

MUFA monounsaturated fatty

acids, PUFA polyunsaturated

fatty acids, n-6PUFA n-6 series

polyunsaturated fatty acids,

LNA linoleic acid, ARA

arachidonic acid, n-3PUFA n-3

series polyunsaturated fatty

acids, ALA alpha-linolenic acid,

EPA eicosapentaenoic acid,

DHA docosahexaenoic acid
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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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