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Serum docosahexaenoic and eicosapentaenoic acid and risk
of cognitive decline over 10 years among elderly Japanese

R Otsuka', C Tange', Y Nishita!, Y Kato', T Imai'?, F Ando™* and H Shimokata'*

BACKGROUND/OBJECTIVES: To clarify the association of serum docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)

levels with cognitive decline over 10 years.

SUBJECTS/METHODS: This study was part of the National Institute for Longevity Sciences - Longitudinal Study of Aging, and was
conducted with 232 male and 198 female Japanese community-dwelling subjects aged 60-79 years in the second wave (2000-2002).
Cognitive function was assessed with the Mini-Mental State Examination (MMSE) in both the second and seventh (2010-2012) waves.
Fasting venous blood samples were collected in the morning, and serum DHA and EPA levels were measured. Multiple logistic
regression analysis was performed among participants with an MMSE score >24 in the second wave (n =430) to estimate the odds
ratio (OR) and 95% confidence interval (Cl) for MMSE score <23 or MMSE score decline =4 10 years later. These estimates were
based on baseline tertiles of serum DHA or EPA levels, and controlled for age, sex, education, MMSE score at baseline, alcohol
consumption, current smoking, body mass index and disease history.

RESULTS: Fifteen (3.5%) subjects whose MMSE score was <23 and 36 (8.3%) subjects whose MMSE score declined to >4 showed
cognitive decline. Multivariate-adjusted OR (95% Cl) for the lowest through highest tertiles of serum DHA to MMSE score <23 or
decline >4 were 1.00 (reference), 0.11 {0.02-0.58) and 0.17 (0.04-0.74), or 1.00 (reference), 0.22 (0.08-0.61) and 0.31 (0.12-0.75),
respectively (P for trend =0.01 or 0.04). Serum EPA was not associated with cognitive decline.

CONCLUSIONS: The study gives some indication that a moderately high level of serum DHA might prevent cognitive decline

among community-dwelling elderly Japanese individuals.

European Journal of Clinical Nutrition (2014) 68, 503-509; doi:10.1038/ejcn.2013.264; published online 8 January 2014
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INTRODUCTION

An estimated two million people in Japan suffer from dementia
and this number will likely increase as the population ages.! The
essential n-3 polyunsaturated fatty acids (PUFA), docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA) that constitute the
predominant long-chain PUFAs of membrane phospholipids in
mamnmalian brains and neural tissues, are crucial for maintenance
of brain function.?

Fish consumption, particularly fatty fish, and intake of marine
n-3 PUFA, DHA and EPA are thought to play a protective role
against age-related cognitive decline® However, results of cross-
sectional and longitudinal studies examining the association
between fish or n-3 PUFA intake and cognitive performance
have been inconsistent, with some studies showing that high
intake of n-3 PUFA was associated with better cognitive
performance™® and other studies showing no association.>’
One possible reason for these inconsistent results is the limited
ability of dietary assessments to quantify blood levels of fatty acids
(FA). Blood FA biomarkers can be measured to indicate differences
in their delayed response to short- and long-term dietary
intakes.”® Studies using n-3 series PUFA in the blood have
shown that higher concentrations of DHA in erythrocyte
membranes,” DHA in plasma phosphatidylcholine'® and plasma
EPA"" are associated with a lower risk of cognitive decline or

Alzheimer's disease. Recently, lower red blood cell EPA and DHA
levels were reported to be correlated with smaller brain volumes
in elderly subjects without clinical dementia.’® Furthermore, it has
been proposed that FAs in the blood are associated with cognitive
function.”® However, other studies focusing on dementia not only
reported no difference in DHA in plasma cholesterol esters and
phospholipids,™ but also reported significantly higher DHA in
plasma phospholipids'® or cholesteryl esters.®'” Hence, results of
studies examining the association between blood FA and
cognitive performance have been inconsistent.

Mean DHA and EPA intake/serum DHA/EPA levels among
Caucasian subjects are substantially lower than those of Japanese
subjects.’® 2" The effect of serum DHA/EPA levels on cognitive
function may vary among Japanese subjects, and the association
between serum DHA and EPA levels and cognitive decline among
Japanese subjects remains unclear. In addition, studies that
examined the effectiveness of serum DHA/EPA levels on
cognition in Japanese subjects with high serum DHA/EPA levels
would explain one of the reasons that DHA/EPA supplementation
trials in Caucasians, in whom serum DHA/EPA levels were
substantially low, demonstrated essentially no effect from DHA
on cognitive impairment.*>** We considered that the duration of
these intervention studies examining the effectiveness of
DHA/EPA on cognitive performance were relatively short, and
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long-term effectiveness of DHA/EPA intake on cognitive
performance would be easier to clarify among Japanese subjects
because they are naturally exposed to higher DHA/EPA
concentrations. No study in Japan and only a few studies
among Asians have reported the association between blood FA
and cognitive impairment.*

To darify the effectiveness of serum DHA and EPA levels on
cognitive decline among the Japanese whose DHA and EPA
intake/serum DHA/EPA levels are higher than among Caucasians,
and who are naturally exposed to high DHA/EPA concentrations,
the present longitudinal study was carried out in elderly
community-dwelling Japanese subjects and examined the asso-
ciations of serum DHA and EPA levels with cognitive decline.

SUBJECTS AND METHODS
Participants

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. Participants in the NILS-
LSA included randomly selected age- and sex-stratified individuals from
the pool of non-institutionalized residents in the NILS neighborhood areas
of Obu City and Higashiura Town in Aichi Prefecture. The first wave of the
NILS-LSA was conducted from November 1997 to April 2000 and
comprised 2267 participants (1139 men, 1128 women; age range, 40-79
years). Details of the NILS-LSA study have been reported elsewhere.?®

The second wave of the NILS-LSA was conducted from April 2000 to May
2002 and comprised 2259 participants (1152 men, 1107 women; age
range, 40-82 years). Among these participants, 1351 (690 men, 661
women) were also included in the seventh wave of the NILS-LSA, which
was conducted from July 2010 to July 2012. The mean (*s.d.) interval
between the second and seventh wave for each participant was 10.2
(+0.4) years.

Exclusion criteria were as follows: (1) those who were <60 years in the
second wave (n=2868), as cognitive function tested by the Mini-Mental
State Examination (MMSE) was assessed only among participants aged 60
or older; (2) those who had an MMSE score <23 in the second wave
(n=10); and (3) those who did not complete either the alcohol intake
assessments or the self-reported questionnaire (n=43). A total of 430
Japanese (232 men, 198 women) who had been between 60 and 79 years
in the second wave of the NILS-LSA 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 serum FA analysis

Upon enrolment in the second wave of the NILS-LSA, venous blood was
collected early in the morning after fasting for at least 12 h. Blood samples
were centrifuged at 3500 g for 15 min. Serum was separated and frozen at
— 80 °C before analysis for FA content by a single technician. Serum DHA
and EPA were measured by gas-liquid chromatography at a clinical
laboratory (SRL, Tokyo, Japan). In brief, total lipids in the serum were
extracted using the Folch procedure and FAs were then methylated with
BF3/methanol. Transesterified FAs were then analyzed using a gas
chromatograph (GC-17A; Shimadzu, Kyoto, Japan) with a capillary column
(Omegawax 250; Supelco, Bellefonte, PA, USA). The weights of DHA and
EPA (g/ml) as FA concentrations were identified by comparison with
known standards. Intra- and inter-assay precision and accuracy values
(coefficient of variation (CV)) were 2.7 and 6.9 CV% for EPA, and 1.9 and 6.9
CV% for DHA, respectively.

Assessment of cognitive function

Cognitive function was assessed by the Japanese version of the MMSE
through interviews with a trained psychologist or clinical psychotherapist
in both the second and seventh waves.?”?® The MMSE is widely used as a
brief screening test for dementia, and scores range from 0 to 30 points,
with a higher score indicating better cognitive function. The MMSE
includes questions on orientation of time and place, registration, attention
and calculation, recall, language and visual construction. We used two
different cutoff scores: (1) a decline of at least 4 points in the MMSE score
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from the second to seventh wave, which has been shown to be
meaningful from a clinical point of view,”*! and (2) a cutoff score of
<23, which is traditionally used to represent ‘suggestive cognitive
impairment?® and thus was also used in the main analyses. Among
participants in this study with an MMSE 324 in the second wave (n =430),
(1) 36 (8.3%) who had a decline of at least 4 points in the MMSE score from
the second to seventh wave (10 years later), and (2) 15 (3.5%) who had an
MMSE score <23 in the seventh wave (10 years later) were classified
as showing cognitive decline, respectively. We defined the second wave as
baseling, as the MMSE method between the second and seventh wave was
consistent, and there were slight modifications of the procedure between
the first and second waves.

Nutritional assessments

Nutritional intakes were assessed using a 3-day dietary record after
participation in the second wave survey. The dietary record was comfleted
over three continuous days (both weekend days and 1 weekday), 2 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 Standard Tables of Foods Composition in Japan and other
sources.3? Alcohol intake in the previous year was assessed using a food
frequency questionnaire; trained dietitians interviewed subjects using this
questionnaire.

Other measurements

Medical history of heart disease, hypertension, hyperlipidemia, diabetes
(past and current), education (<9, 10-12 or >13 years of school) and
smoking status {yes or no) were collected using self-report questionnaires.
Body mass index (BMI) was calculated as weight in kilograms divided by
the square of height in meters, Serum triacylglycerol levels were measured
using enzymatic methods, and total and high-density lipoprotein-
cholesterol levels were measured using the dehydrogenase method and
direct method at a clinical laboratory (SRL). These measurements were
assessed in the second wave,

Statistical analysis

All statistical analyses were conducted using statistical analysis system
software version 9.1.3 (SAS Institute, Cary, NC, USA). The confounding
variables were age (year, continuous), sex, education (<9, 10-12, >13
years), MMSE score at baseline (continuous), alcohol consumption (ml/day),
current smoking status (yes or no), BMI (kg/m?), history of heart disease,
hypertension, hyperlipidemia and/or diabetes (yes or no). Differences in
proportions and means of covariates according to the MMSE score in the
seventh wave (10 years later) were assessed using the y*-test or Fisher's
exact probability test (if statistical expectation <5) and independent t-test,
respectively, Comparisons between baseline dietary intakes according to
the MMSE score 10 years later were performed by independent t-test.
Multiple logistic regression analysis was performed to estimate the odds
ratio (OR) and 95% confidence interval (Cl) for (1) a decrease in MMSE
score of at least 4 points or (2) an MMSE score <23 in the seventh wave
according to tertiles of serum DHA or EPA. The lowest tertile category was
used as a reference. The independent variables in the first model were age,
sex and education. The second model was further adjusted for MMSE score
at baseline, alcohol consumption, current smoking status, BMI, history of
heart disease, hypertension, hyperlipidemia and/or diabetes. Trend
associations were assessed by assigning dummy variables of —1, 0 and
1 to tertiles of serum DHA or EPA. In the logistic regression analysis, we
tested goodness-of-fit (Hosmer-Lemeshow test) using the lackfit option
and calculated the generalized R® (Nagelkerke R?) measure using the
r* option. Age, sex and education-adjusted mean MMSE score according to
tertiles of serum DHA or EPA were calculated using the PROC GLM
procedure. To eliminate the effects of other confounding variables on
MMSE score, a subsequent model included MMSE score at baseline,
alcohol consumption, current smoking status, BMI, history of heart disease,
hypertension, hyperlipidemia and diabetes as covariates, All reported
P values are two-sided, and a P value < 0.05 was considered significant.
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RESULTS

Baseline characteristics of subjects according to the MMSE score in
the seventh wave (10 years later) and subjects excluded from the
analyses are shown in Table 1. Fifteen subjects (3.5%) were
classified as showing cognitive decline (MMSE score <23).
Compared with subjects with an MMSE score >24, those with
an MMSE score <23 were significantly less likely to be educated,
significantly older and had a significantly higher BMI. Compared
with subjects with both an MMSE score <23 and > 24, subjects
excluded from the analyses were older, more likely to be current
smokers, and more likely to have a history of hyperlipidemia and
diabetes. Mean serum EPA or DHA among subjects excluded from
the analyses was intermediate between subjects with MMSE score
<23 and >24.

Table 2 shows baseline dietary intakes of subjects according to
MMSE score 10 years later. Compared with subjects with an MMSE
score =24, those with an MMSE score <23 ate significantly less
fat and vegetables and significantly more fruits and sweets.

Table 3 shows the ORs and 95% Clis for an MMSE score decline
of at least 4 points in the seventh wave (10 years later) according
to tertiles of serum FAs. In the age-, sex- and education-adjusted
model, serum DHA levels were significantly associated with a
decreased prevalence of cognitive decline. After further adjust-
ment for other covariates, the association remained statistically
significant. The multivariate-adjusted ORs (95% Cls) for the lowest
through highest tertiles of serum DHA were 1.00 (reference), 0.22
(0.08-0.61) and 0.31 (0.12-0.75), respectively (P for trend =0.004,
goodness-of-fit Pr>0.93, R? = 0.22). Serum EPA was not associated
with cognitive decline.

Table 4 shows mean MMSE scores and ORs (95% Cls) for MMSE
score <23 in the seventh wave (10 years later) according to
tertiles of serum FAs. Mean MMSE scores according to tertiles of
serum FAs were not statistically significant. In the age-, sex- and
education-adjusted model, serum DHA levels were significantly
associated with a decreased prevalence of cognitive decline.

Serum docosahexaenoic acid and cognitive decline
R Otsuka et al

After further adjustment for other covariates, the association
remained statistically significant; the multivariate-adjusted OR
(95% ClI) for the lowest through highest tertiles of serum DHA
were 1.00 (reference), 0.11 (0.02-0.58) and 0.17 (0.04-0.74),
respectively

(P for trend = 0.01, goodness-of-fit Pr>0.85, B> = 0.32). Serum EPA
was not associated with cognitive decline.

DISCUSSION

This study provides longitudinal evidence that low serum DHA
levels were associated with a higher risk of cognitive decline over
a 10-year period in community-dwelling Japanese adults aged 60
years and older. This association remained after controlling for
baseline MMSE score and other variables. This is the first study to
examine the association between serum DHA/EPA levels on
cognitive decline among Japanese subjects whose DHA and EPA
intake/serum DHA/EPA levels are higher than those seen in
Caucasians and in whom ordinary exposure to DHA/EPA
concentrations was high.

The ARIC (Atherosclerosis Risk in Communities) and Framing-
ham Study studies, which examined n-3 series PUFA in the blood,
showed that higher concentrations of these FAs were associated
with a lower risk for cognitive decline.’®'* Among elderly French
subjects, DHA of erythrocyte membranes® and plasma EPA'! have
also been shown to be associated with a lower risk for cognitive
decline. However, other studies focusing on dementia not only
reported no dlfference in DHA in plasma cholesterol esters and
phospholipids,™ but also resported significantly higher DHA in
either plasma phospholipids'® or cholesteryl esters.'®'” Hence, the
results from studies examining the association between blood FA
and cognitive performance have been inconsistent.

However, serum n-3 series PUFA differs markedly in middle-
aged Japanese, Japanese-American and Caucasian (American)

50

men.3® DHA and EPA levels from the blood of Japanese men are

Table 1. Baseline characteristics of subjects according to the MMSE score 10 years later and subjects excluded from the analyses in the NILS-LSA
study
Subjects available for analyses (n =430) Subjects excluded from the analyses®
(n=715)
MMSE <23 MMSE 24 P-value®
Number of subjects 15 415
MMSE (mean £ s.d.) 277x14 284114 0.04 275+22
Age (mean % s.d., years) 709+59 66.4+5.0 <0.01 71.3%55
BMI (mean * s.d., kg/m?) 244+2.7 228+27 0.02 229+33
Alcohol (mean + s.d., ml/day) 10.2%£154 8.1x13.5 0.55 751147
Female (%) 46.7 46.0 0.96 50.9
Education
<9 years (%) 66.7 31.1 0.01 47.0
10-12 years (%) 6.7 15.7 218
>13 years (%) 26.7 53.3 31.2
Current smoking status (%) 6.7 154 0.35 174
History of hypertension (%) 533 311 0.07 425
History of hyperlipidemia (%) 13.3 21.5 045 21.9
History of diabetes (%) 6.7 7.2 0.93 12.8
Triacylglycerol (mean + s.d., mg/dl) 85.9+25.7 1209+ 62.1 0.03 117.7 £ 66.6
Total cholesterol (mean % s.d., mg/dl) 219.1+37.9 219.1+33.7 0.99 216.5 £36.1
HDL cholesterol (mean + s.d., mg/dl) 61.27 + 16.1 59.9+ 14.9 0.72 60.7+15.8
Serum EPA (mean *s.d., pg/mi) 749+ 41.1 81.5+39.7 0.53 7751409
Serum DHA (mean *s.d. ug/ml) 145.0+38.5 16221452 0.15 157.1£49.4
Abbreviations: BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL, high density lipid; MMSE, Mini Mental State Examination.
aSubjects excluded from the analyses included those who were older than 60 years in the second wave and those who did not participate in the seventh wave.
BFor continuous variables, independent t-test was used; for categorical variables, y’test or Fisher’s exact probability test was used. “The number of excluded
subjects according to the characteristics listed ranged from 672 to 715.
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Table 2. Baseline dietary intakes of subjects according to the MMSE score 10 years later in the NILS-LSA study
MMSE<23 MMSE=24 P-value®
Number of subjects 15 415
Energy (mean * s.d., kcal/day) 2270013715 20959+ 394.8 0.85
Protein (mean £ s.d., energy%) 14715 15.7+2.0 0.22
Fat (mean £ s.d,, energy%) 21560 235+43 0.03
Saturated fat (mean =+ s.d., g/day) 162152 154+ 5,1 0.85
Polyunsaturated fat (mean *s.d., g/day) 122127 129+36 0.25
DHA {mean *s.d,, mg/day) 543.0+ 2504 5903 %14 0.07
EPA (mean = s.d., mg/day) 3025+ 1556 321.3+383.0 0.11
Cereals (mean t s.d., g/day) 475.0+145.2 469.9+ 139.5 0.74
Beans (mean = s.d., g/day) 79.2+356 72.8+49.9 0.14
Vegetables (mean * s.d., g/day) 283.9+81.3 336.0+130.5 0.04
Fruits (mean % s.d., g/day) 259.8 +209.7 175.7 £129.1 0.002
Fish and shellfish (mean * s.d., g/day) 113.6 £63.5 1022+ 503 0.16
Meats (mean £ s.d., g/day) 40.9%23.8 56.7 £ 32.4 0.18
Eggs (mean *s.d., g/day) 46.9+29.5 46.7 £25.7 039
Mitk and dairy products (mean % s.d., g/day) 213.1+ 1205 1656+ 128.6 0.83
Sweets (mean £ s.d., g/day) 71.7£53.8 3831386 0.04
Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MMSE, Mini Mental State Examination. *Independent t-test was used.
Table 3. ORs and 95% Clis for MMSE scores that declined at least 4 points during 10 years according to tertiles of serum fatty acids
Tertiles of serum fatty acids
T1 (low) T2 73 (high) Trend P?
EPA (range, ug/mi) 14.1-59.2 59.2< —904 904< —31.8
Number of subjects MMSE score declined >»4/<3 12/129 13/129 11/136
Age, sex, and education-adjusted OR (95% cnb 1.00 (reference) 1.18 (0.50~-2.79) 0.86 (0.35-2.09) 0.70
Multiple-adjusted OR (95% chbe 1.00 (reference) 1.10 (0.44-2.75) 0.69 (0.27-1.76) 0.83
DHA (range, pg/ml) 59.3-138.5 1385« - 1756 175.6< —354.6
Number of subjects MMSE score declined >4/<3 21/118 6/138 9/138
Age, sex, and education-adjusted OR (95% cnP 1.00 (reference) 0.23 (0.09-0.60) 0.35 (0.15-0.81) 0.003
Multiple-adjusted OR (95% Cl)b'c 1.00 (reference) 0.22 (0.08-0.61) 0.31 (0.12-0.75) 0.004

(yes or no).

Abbreviations: Cl, confidence interval; DHA, docosahexaenocic acid; EPA, eicosapentaenoic acid; MMSE, Mini Mental State Examination; OR, odds ratio. *On the
basis of multiple logistic regression analysis, assigning dummy variables — 1,0, 1 to tertiles of serum fatty acids. PAdjusted ORs and Cls were based on multiple
logistic regression analysis. “Adjusted for age (year, continuous), sex, education (<9, 10-12,>13 years), MMSE score at baseline (continuous), alcohol
consumption (ml/day), current smoking status (yes or no), body mass index (kg/m?), and history of heart disease, hypertension, hyperlipidemia and diabetes

Table 4. Mean (s.e.) MMSE score and ORs (95% Cls) for MMSE scores <23 10 years later according to tertiles of serum fatty acids

Tertiles of serum fatty acids

T1 (low) 72 T3 (high) ANCOVA P Trend P?

EPA (range, ng/ml) 14.1-59.2 59.2< —-904 904< —31.8

Age, sex and education-adjusted MMSE score® 27.78 (0.15) 27.53 {0.15) 27.77 (0.15) 044 0.99

Multiple-adjusted MMSE score™ 27.79 (0.15) 27.57 (0.15) 27.72 (0.15) 043 0.74

Number of subjects with MMSE <23/MMSE >24 4/137 9/133 2/145

Age, sex and education-adjusted OR (95% cn? 1.00 (reference) 2.76 (0.78~9.72) 0.51 (0.08-2.91) 0,11

Muitiple-adjusted OR (95% CI)* 1.00 {reference) 2.92 (0.74~-11.54) 0.52 (0.08-3.24) 0.13
DHA (range, pg/mi) 59.3-138.5 1385< — 1756 175.6< — 3546

Age, sex and education-adjusted MMSE score® 27.48 (0.15) 27.89 (0.15) 27.70 (0.15) 0.18 0.29

Multiple-adjusted MMSE score™® 27.47 (0.15) 27.90 (0.15) 27.68 (0.15) 017 032

Number of subjects with MMSE <23/MMSE >24 10/129 2/142 3/144

Age, sex, and education-adjusted OR (95% cne 1.00 (reference) 0.16 (0.03-0.78) 0.26 (0.07-0.98) 0.02

Multiple-adjusted OR (95% Cl)<¢ 1.00 (reference) 0.11 (0.02-0.58) 0.17 (0.04-0.74) 0.01

Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MMSE, Mini Mental State
Examination; OR, odds ratio. *On the basis of the general linear model or multiple logistic regression analysis, assigning dummy variables — 1, 0, 1 to tertiles of
serum fat PAdjusted MMSE scores (mean * s.e.) were based on the general linear model.. “Adjusted for age (year, continuous), sex, education (<9, 10-12,>13
years), MMSE score at baseline (continuous), alcohol consumption (ml/day), current smoking status (yes or no), body mass index (kg/m?), and history of heart
disease, hypertension, hyperlipidemia and diabetes (yes or no). dAdjus’ced ORs and Cls were based on multiple logistic regression analysis.
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significantly higher than those from the blood of Caucasian men.*®
Mean (= s.d.) serum EPA and DHA concentrations in our sample of
subjects with an MMSE =24 were 81.5 (+39.7) and 162.2 (£ 45.2)
pg/ml, respectively. On the other hand, among cognitively healthy
adults aged 70-79 years living in England, these plasma levels
were 39.1 (+3.1) and 70.7 (+2.9) ug/ml, respectively.>*

The biological mechanisms through which serum DHA exerts
beneficial effects on cognition can be divided into vascular and
non-vascular pathways. In terms of vascular pathways, the
beneficial effects of DHA and EPA are well known, including
blood pressure reduction®® and pronounced effects on eicosanoid
production®® and two cardiovascular risk factors that may lead to
cognitive decline® In terms of non-vascular pathways, DHA is
highly concentrated in membrane phospholipids of brain gray
matter, and it has particular effects on membrane properties and
cell signaling3® The precise mechanism of its effect, however, is
unknown, although deficits in DHA could contribute to
inflammatory signaling, apoptosis or neuronal dysfunction in the
elderly.3®

In terms of serum DHA levels, the multivariate-adjusted ORs for
MMSE score decline of at least 4 points, and MMSE <23 after 10
years were 1.00 (tertile 1, reference), 0.22 (0.08-0.61) and 0.31
(0.12-0.75) (P for trend = 0.004), or 1.00 (tertile 1, reference), 0.11
(0.02-0.58) and 0.17 (0.04-0.74) (P for trend = 0.01), respectively.
Statistical significance was confirmed, but a dose-response
relationship between serum DHA levels and cognitive decline
was not observed. One of the possibilities for this finding is that
serum DHA concentrations in our sample were substantially
higher than the levels seen in Caucasian subjects,”® and these
higher blood levels of DHA might be above the threshold level to
detect any effect on cognitive decline. In most previous studies of
Caucasians, the mean DHA blood levels were in the lowest tertile
seen in this study>*** In addition, DHA/EPA supplementation
trials in Caucasian subjects whose serum DHA/EPA levels were
substantially lower demonstrated essentially no benefit of DHA on
cognitive impairment.****> One of the reasons these intervention
studies failed might be due to the short duration used to examine
the effectiveness of DHA/EPA on cognitive performance. In
contrast, Japanese subjects, who have a normally high exposure
to high DHA/EPA concentrations, might show different findings.
No previous studies that we are aware of have examined serum
DHA levels and cognitive decline among the people whose serum
DHA/EPA levels were high. Hence, we cannot compare our
findings with previous studies.**® Our study presents the
possibility that low DHA levels formed over time in blood are a
risk factor for cognitive decline rather than that high DHA levels
are a protective factor against cognitive decline among the
population whose ordinary exposure to DHA/EPA concentrations
is high.

Although the precise reason that the OR of the highest tertile in
serum DHA was higher than that of the second tertile is unknown,
we believe that one possible explanation is that the number of
cases was too small. In fact, multiple-adjusted MMSE scores after
10 years according to tertiles of serum DHA were 27.47 (tertile 1),
27.90 (tertile 2) and 27.68 (tertile 3) and did not reach statistical
significance (ANCOVA P=0.17, P for trend =0.32) because the
number of cases was too small and no differences in MMSE scores
could be detected. To address the small number of subjects, we
performed subanalyses to examine the relationships between
baseline serum DHA concentration and follow-up MMSE score
using Pearson’s correlation coefficients (n=430). Even after
controlling for age at baseline, no significant positive correlations
between serum DHA concentrations and MMSE score at follow-up
were observed (partial correlation coefficient r=0.029, P=0.55).

Dietary intakes might belie the association between serum
DHA/EPA and MMSE score; for example, subjects with an MMSE
score <23 might eat less of the traditional Japanese diet that
includes high intakes of fish and rice, or eat more of the western
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diet that includes high intakes of meat and dairy products*
compared with subjects with MMSE scores >24. Recently, dietary
patterns characterized by a high intake of soybeans, vegetables,
algae, and milk and dairy products and a low intake of rice were
reported to be associated with reduced risk of dementia in the
general Japanese population.*’ However, in our study, subjects
with an MMSE score <23 had less intake of DHA (543.0 vs
590.3 mg/day, P=0.07), significantly less intake of fat and
vegetables and greater intake of fruits and sweets compared
with subjects with an MMSE score >24. Fish and shellfish intake
between the two groups were not statistically different (113.6 vs
102.2 g/day, in Table 2). To eliminate the effects of dietary intake
including sugar, sweets, fruits, fat and vegetables on MMSE
decline, we performed multiple logistic regression analysis further
adjusted for intakes of sugar, sweets, fruits, fat and vegetables. The
association between serum DHA levels and MMSE decline held up
even after controlling for these food intakes (data not shown).
Hence, no specific dietary pattern or food intake seemed to bias
the association between serum DHA/EPA and MMSE score.

Several limitations to the present study warrant consideration.
First, we assessed cognitive function only using a general
cognitive test, that is, the MMSE. Although the MMSE is widely
used as a brief screening test for dementia, it could be affected by
demographic variables such as educational level. Among older
patients with a college education living in the United States, the
MMSE cutoff score of 27 {sensitivity, 0.69; specificity, 0.91) or 28
(sensitivity and specificity, 0.78) has been shown to be better for
detecting cognitive dysfunction compared to the value of <23
used in this study (sensitivity, 0.66; specificity, 0.99).*> Among our
Japanese sample, 52% (224/430) had an education level of 13
years or more. Therefore, the MMSE cutoff point of <23 may be
inadequate to assess cognitive impairment. On the basis of this
limitation, we used the other cutoff score that was (1) a decline of
at least 4 points in MMSE score from the second to seventh wave
(Table 3) and (2) an MMSE cutoff score of 28 in a subanalysis.
The former analysis was consistent with the results when we used
the MMSE cutoff point of <23. However, in the latter subanalysis,
an MMSE score <27 was seen in 36% of our Japanese sample
(118/326) in the seventh wave, although no significant association
was observed between serum DHA/EPA levels and cognitive
decline (data not shown). Because of the lack of a sufficient
number of cases, when the serum DHA levels were divided into
quartiles or quintiles, a few categories contained only one case,
although there were still statistically significant findings in a few
categories (OR of the fourth quartile: 0.21, P =0.05, OR of the third
quintile: 0.11, P=0.07, data not shown).

Second, serum FA concentrations were assessed from a single
blood sampling. However, Kobayashi et al. examined correlations
between serum phospholipid FA levels collected twice and FA
intake assessed from 7-day weighted dietary records among 87
Japanese men, and reported that a single measurement of serum
phospholipids was a useful biomarker of n-3 PUFA.2 Although that
study used serum phospholipids, Ogura et al. reported that PUFA
levels in plasma and erythrocyte phospholipids were nearly
identical among 75 Japanese patients admitted for non-
malignant diseases.*® Third, attrition bias may have affected our
results. Compared with included subjects, subjects excluded from
the analyses were older, more likely to be current smokers, and
more likely to have a history of hyperlipidemia and diabetes.
Hence, excluded subjects might have been less healthy than
subjects included in the final analysis. However, mean serum EPA
or DHA among subjects excluded from the analyses was higher
than those among subjects with an MMSE score <23, and our
results do not necessarily mean that subjects with lower serum
EPA or DHA levels were more likely to drop out during the follow-
up period. Fourth, DHA and EPA intake/serum levels among
Japanese subjects are substantially higher than those of Caucasian
subjects,’®?' and the tissue n-3/n-6 ratio that would alter
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eicosanoid patterns** might also differ between these groups.
Furthermore, genetic factors, including APOE4, might also modify
the metabolism of n-3 PUFA.*® However, we could not assess the
n-3/n-6 ratio or genetic factors in this study.

The main strengths of the present study are as follows: (1) the
long average follow-up period of 10 years; (2) the use of an older
sample of randomly selected age- and sex-stratified non-
institutionalized individuals from the community; and (3) the use
of serum FA levels to assess DHA or EPA status. Furthermore, a
certain level of serum DHA is modifiable through the consumption
of fish or dietary supplements in DHA.* Recently, red blood cell
levels of DHA plus EPA were reported to be explained by DHA plus
EPA intake (25%), heritability (24%) and fish oil supplementation
(15%) in the Framingham Heart Study.*” In our Japanese sample
{n = 430), Pearson’s correlation coefficient between serum DHA
and DHA intake assessed by a 3-day dietary record was 0.18
(P<0.01, data not shown). This finding means that serum DHA
levels are an adjustable factor to some extent.

In conclusion, the findings of this study give some indication
that a moderately high level of serum DHA among the Japanese,
whose DHA and EPA intake/serum DHA/EPA levels are higher than
among Caucasians, might prevent cognitive decline among
elderly, community-dwelling Japanese individuals.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We wish to express our sincere appreciation to the study participants and
our colleagues in the NILS-LSA for completing the survey for this study. This work
was supported in part by grants from the Japanese Ministry of Education, Culture,
Sports, Science and Technology (22790584 to RO) and Research Funding for
Longevity Sciences from the National Center for Geriatrics and Gerontology, Japan
(25-22 to RO).

REFERENCES

lkejima C, Yasuno F, Mizukami K, Sasaki M, Tanimukai S, Asada T. Prevalence and
causes of early-onset dementia in Japan: a population-based study. Stroke 2009;
40: 2709-2714.

Whelan J. (n-6) and (n-3) Polyunsaturated fatty acids and the aging brain: food for
thought. J Nutr 2008; 138: 2521-2522.

van deRest O, Spiro 3rd A, Krall-Kaye E, Geleijnse JM, de Groot LC, Tucker KL
Intakes of (n-3) fatty acids and fatty fish are not associated with cognitive
performance and 6-year cognitive change in men participating in the Veterans
Affairs Normative Aging Study. J Nutr 2009; 139: 2329-2336.

4 Kalmijn S, van Boxtel MP, Ocke M, Verschuren WM, Kromhout D, Launer LJ.
Dietary intake of fatty acids and fish in relation to cognitive performance at
middle age. Neurology 2004; 62: 275-280.

van Gelder BM, Tijhuis M, Kalmijn S, Kromhout D. Fish consumption, n-3 fatty
acids, and subsequent 5-y cognitive decline in elderly men: the Zutphen Elderly
Study. Am J Clin Nutr 2007; 85: 1142-1147.

Nurk E, Drevon CA, Refsum H, Solvoll K, Vollset SE, Nygard O et al. Cognitive
performance among the elderly and dietary fish intake: the Hordaland Health
Study. Am J Clin Nutr 2007; 86: 1470-1478.

Hu FB. Dietary Assessment Methods: Obesity Epidemiology vol. 86. Oxford University
Press: New York, NY, USA, 2008.

Kobayashi M, Sasaki S, Kawabata T, Hasegawa K, Akabane M, Tsugane S. Single
measurement of serum phospholipid fatty acid as a biomarker of specific fatty
acid intake in middle-aged Japanese men. Eur J Clin Nutr 2001; 55: 643-650,
Heude B, Ducimetiere P, Berr C. Cognitive decline and fatty acid composition of
erythrocyte membranes—The EVA Study. Am J Clin Nutr 2003; 77: 803-808.

10 Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava S, Robins SJ, Au R et al.
Plasma phosphatidylcholine docosahexaenoic acid content and risk of dementia and
Alzheimer disease: the Framingham Heart Study. Arch Neurol 2006; 63: 1545-1550.
Samieri C, Feart C, Letenneur L, Dartigues JF, Peres K, Auriacombe S et al
Low plasma eicosapentaenoic acid and depressive symptomatology are inde-
pendent predictors of dementia risk. Am J Clin Nutr 2008; 88: 714-721.

—

N

w

v

(=)}

~

00

=]

—-
s

European Journal of Clinical Nutrition (2014) 503 - 509

93

12 Tan ZS, Harris WS, Beiser AS, Au R, Himali JJ, Debette S et al. Red blood cell
omega-3 fatty acid levels and markers of accelerated brain aging. Neurology 2012;
78: 658-664.

13 Conquer JA, Tierney MC, Zecevic J, Bettger WJ, Fisher RH. Fatty acid analysis of

blood plasma of patients with Alzheimer’s disease, other types of dementia, and

cognitive impairment. Lipids 2000; 35: 1305-1312.

Beydoun MA, Kaufman JS, Satia JA, Rosamond W, Folsom AR. Plasma n-3 fatty

acids and the risk of cognitive decfine in older adults: the Atherosclerosis Risk in

Communities Study. Am J Clin Nutr 2007; 85: 1103-1111.

15 Laurin D, Verreault R, Lindsay J, Dewailly E, Holub BJ. Omega-3 fatty acids and risk

of cognitive impairment and dementia. J Alzheimers Dis 2003; 5: 315-322.

Corrigan FM, Van Rhijn AG, ljomah G, Mclntyre F, Skinner ER, Horrobin DF et al.

Tin and fatty acids in dementia. Prostaglandins Leukot Essent Fatty Acids 1991; 43:

229-238.

17 Cole GM, Ma QL, Frautschy SA. Omega-3 fatty acids and dementia. Prostaglandins
Leukot Essent Fatty Acids 2009; 81: 213-221.

18 Kuriki K, Nagaya T, Tokudome Y, Imaeda N, Fujiwara N, Sato J et al
Plasma concentrations of (n-3) highly unsaturated fatty acids are good bio-
markers of relative dietary fatty acid intakes: a cross-sectional study. J Nutr 2003;
133: 3643-3650.

1

N

1

>N

- 19 Sugano M, Hirahara F. Polyunsaturated fatty acids in the food chain in Japan.

Am J Clin Nutr 2000; 71: 1895-1965.

Farina EK, Kiel DP, Roubenoff R, Schaefer EJ, Cupples LA, Tucker KL. Protective

effects of fish intake and interactive effects of long-chain polyunsaturated fatty

acid intakes on hip bone mineral density in older adults: the Framingham

Osteoporosis Study. Am J Clin Nutr 2011; 93: 1142-1151.

Ma J, Folsom AR, Shahar E, Eckfeldt JH. Plasma fatty acid composition as an

indicator of habitual dietary fat intake in middle-aged adults. The Atherosclerosis

Risk in Communities (ARIC) Study Investigators. Am J Clin Nutr 1995; 62: 564~571.

Cunnane SC, Plourde M, Pifferi F, Bégin M, Féart C, Barberger-Gateau P. Fish

docosahexaenoic acid and Alzheimer’'s disease. Prog Lipid Res 2009; 48: 239-256.

23 Cunnane SC, Chouinard-Watkins R, Castellano CA, Barberger-Gateau P.
Docosahexaenoic acid homeostasis, brain aging and Alzheimer’s disease: can we
reconcile the evidence? Prostaglandins Leukot Essent Fatty Acids 2013; 88: 61-70.

24 Kim M, Nam JH, Oh DH, Park Y. Erythrocyte alpha-linolenic acid is associated with
the risk for mild dementia in Korean elderly. Nutr Res 2010; 30: 756-761.

25 Chiu CC, Frangou S, Chang CJ, Chiu WC, Liu HC, Sun IW et al. Associations
between n-3 PUFA concentrations and coghnitive function after recovery from
late-life depression. Am J Clin Nutr 2012; 95: 420-427.

26 Shimokata H, Ando F, Niino N. A new comprehensive study on aging-—the
National Institute for Longevity Sciences, Longitudinal Study of Aging (NILS-LSA).
J Epidemiol 2000; 10: $1-59.

27 Folstein MF, Folstein SE, McHugh PR. 'Mini-mental state’. A practical method for
grading the cognitive state of patients for the clinician, J Psychiatr Res 1975; 12:
189-198.

28 Mori E, Mitni Y, Yamadori A. Usefulness of a Japanese version of the Mini-Mental
State Test in neurological patients. Jpn J Neuropsychol 1985; 1: 82-90.

29 Aevarsson O, Skoog I. A longitudinal population study of the Mini-Mental State
Examination in the very old: relation to dementia and education. Dement Geriatr
Cogn Disord 2000; 11: 166-175.

30 Aguero-Torres H, Fratiglioni L, Guo Z, Viitanen M, Winblad B. Prognostic factors in

very old demented adults: a seven-year follow-up from a population-based survey

in Stockholm. J Am Geriatr Soc 1998; 46; 444-452.

Morris JC, Edland S, Clark C, Galasko D, Koss E, Mohs R et al. The cansortium to

establish a registry for Alzheimer’s disease (CERAD). Part IV. Rates of cognitive

change in the longitudinal assessment of probable Alzheimer's disease. Neurology

1993; 43: 2457-2465.

32 Imai T, Sakai S, Mori K, Ando F, Niino N, Shimokata H. Nutritional assessments of
3-day dietary records in National Institute for Longevity Sciences—Longitudinal
Study of Aging (NILS-LSA). J Epidemiol 2000; 10: S70~S76.

33 Iso H, Sato S, Folsom AR, Shimamoto T, Terao A, Munger RG et al. Serum fatty
acids and fish intake in rural Japanese, urban Japanese, Japanese American and
Caucasian American men. Int J Epidemiol 1989; 18: 374-381.

34 Dangour AD, Allen E, Elbourne D, Fasey N, Fletcher AE, Hardy P et al. Effect of 2-y
n-3 long-chain polyunsaturated fatty acid supplementation on cognitive function
in older people: a randomized, double-blind, controlled trial. Am J Clin Nutr 2010;
91: 1725-1732.

35 Bonaa KH, Bjerve KS, Straume B, Gram IT, Thelle D. Effect of eicosapentaenoic and

docosahexaenoic acids on blood pressure in hypertension. A population-based

intervention trial from the Tromso study. N Engl J Med 1990; 322: 795-801.

Bakewell L, Burdge GC, Calder PC. Polyunsaturated fatty acid concentrations in

young men and women consuming their habitual diets, Br J Nutr 2006; 96: 93-99.

37 de la Torre JC. Cardiovascular risk factors promote brain hypoperfusion leading to
cognitive decline and dementia. Cardiovasc Psychiatry Neurof 2012; 2012: 1-15.

2

(=]

2

=

2

N

3

puiey

3

o

© 2014 Macmillan Publishers Limited



3

o

39

40

4

pury

4

N

43

Salem Jr N, Litman B, Kim HY, Gawrisch K. Mechanisms of action of docosahex-
aenoic acid in the nervous system. Lipids 2001; 36: 945-959.

Lukiw WJ, Bazan NG. Docosahexaenoic acid and the aging brain. J Nutr 2008; 138:
2510-2514. .

Nanri A, Shimazu T, Takachi R, Ishihara J, Mizoue T, Noda M et al. Dietary patterns
and type 2 diabetes in Japanese men and women: the Japan Public Health
Center-based prospective study. Eur J Clin Nutr 2013; 67: 18-24.

Ozawa M, Ninomiya T, Ohara T, Doi Y, Uchida K, Shirota T et al. Dietary patterns
and risk of dementia in an elderly Japanese population: the Hisayama Study.
Am J Clin Nutr 2013; 97: 1076-1082.

O'Bryant SE, Humphreys JD, Smith GE, lvnik RJ, Graff-Radford NR, Petersen RC et al.
Detecting dementia with the mini-mental state examination in highly educated
individuals. Arch Neurol 2008; 65: 963-967.

Ogura T, Takada H, Okuno M, Kitade H, Matsuura T, Kwon M et al. Fatty acid
composition of plasma, erythrocytes and adipose: their correlations and effects of
age and sex. Lipids 2010; 45: 137-144.

© 2014 Macmillan Publishers Limited

94

Serum docosahexaenoic acid and cognitive decline
R Otsuka et al

44

45

46

47

OO0

Harris WS, Poston WC, Haddock CK. Tissue n-3 and n-6 fatty acids and risk for
coronary heart disease events. Atherosclerosis 2007; 193: 1-10.

Ogura T, Takada H, Okuno M, Kitade H, Matsuura T, Kwon M et al
Relationship between diet and plasma long-chain n-3 PUFA in older people:
impact of apolipoprotein E genotype. J Lipid Res 2013; 54: 2259-2267.

Payet M, Esmail MH, Polichetti E, Le Brun G, Adjemout L, Donnarel G et al.
Docosahexaenoic acid-entiched egg consumption induces accretion of
arachidonic acid in erythrocytes of elderly patients. Br J Nutr 2004; 91: 789-796.
Harris WS, Pottala JV, Lacey SM, Vasan RS, Larson MG, Robins SJ. Clinical
correlates and heritability of erythrocyte eicosapentaenoic and docosahexaenoic
acid content in the Framingham Heart Study. Atherosclerosis 2012; 225:
425-431.

This work is licensed under a Creative Commons Attribution-

gomrEed  NonCommercial-ShareAlike 3.0 Unported License. To view a copy of

this license, visit http:/creativecommons.org/licenses/by-nc-sa/3.0/

European Journal of Clinical Nutrition (2014) 503 ~509

50



Geriat. Med. 52(7) : 793~796, 2014

HE SEBER - EERBERIE
- BRERICELLD Q&A

2. BHUEDHIEE .

AR RIE T
824 & R L R D ATREM

ZRETT HHEHBIET TH BE

. KEY WORD

B2E \BiXlge BRMAEEE BRIE BAOS /AR
_ SUMMARY
BODNEDORADBRERGHRASL, BICINH SEAEERICT UMD D 40~50 BXBHTIE

) A40%DEMEL TS, BEELRANE(FILY I\ —f%, BNIMEBHRAE), RIEEEET, A

BECOBRIEIECEARTHASINTSD, [BRDD] £ET2E0HL L, BRETHEE -

SAEICEREESADEEASNS.

SRHERED

#ONETORERREIZLWVD, 40~79 mOMIS{EROHHETIR T EEEFXIsEDMERZE(LIC
FEESX, TOWREDPEFCEDTTILHLIEREER(LEN, ZTNLEHMRT RSN
R RYLCECSENDRREYETH2HOT /1 RICE, BEOHREICHT 2BDMRZ—

BEET HERLRD SN

[FUIC

0I3F0 [EEAIECBEEZEERFHE | I2L
TS, BREEERIE 209% (B 32.2%. it 105
%) T, EETH 2195 FANBYEL T b, 4
2. SN LRAEREFE T ML 5 40~50
RAEOBETIE BERIZNAEFN410%.
364% L& . BMEREYL 1 HFEE 20 KL EE
HEESNTWAS.

BAE L AR (T VY A < — . BRImEE
SEAE) . EREIMRERIRT. FgEL OBRICETT A
MEXRAR TR OIS HEDO NN b
NEOKE%Ik— b TORFEIZ LV K
FoCIIBLE L SRA0E - FRATREE. AR L OB
WCDOWTORKODHE®F D812 b
VETHOIFR— MNFEORERE FOIEERL
LTOMBIEMEDIERIZ 2V THERT 5.

BHALD
(BESEERE > 2 —NILS-LSA FHFARE)
EEEFR - 4% —NILS-LSA FHRFARE)

SUZ (BORNEXFEEEERES. BEURSEERHRR 2 —NILS-LSAEHMREE) - Lk
LED7

95

B2 & SREE - SRAIEEEE S DEIE =

2000 SEETE F TR S (| B2l
IC L AMERREAE - TIZL A2ER NI TAD
7 BRI X T VY A T —ROFHIZHE
B ET AU O LN, FOBROHE
MOk — FFED Y ATF T4 v 7 L E 21—
RRYTF) Y A ETIE TEME I R 2%
TyonA w5, BRI EERRAE. SRR
T, meEomEGEbice L CEREF L%
B bW KHRETE T L%

Reitz 5 &, SRAIEREREED 2 v Sl 791
N%E SELEBE L 7R 75 mbl L oBEE
VE R (BRERRER D 7 F) - BEE LV
BHETHAKRE o722 ®E L T 5. Anstey
56O 2005 FE TORIE B 19 i ow
TOXYTFY) > ATiE, BREFIEREER -
E_T7h YA T —WEEOMET) A7 0

wEZ
U L (BEBFEAPAFRREMEMER, BIE

Geriatric Medicine Vol32 No7 20147 B 703



179(95%EHEX R 143~223). BxImE 2450
FETIE 178(1.28~247), SRHELSHAE T 127
(102~160) L FEIZE . MMSE BADOET
L Erol, ZEEIIERERL BT A&
MMSE B DETESLT IV Y A T —HD5E
ERIMED 72705, ZOEPOFMETIIEE
EERBDON Lol vy FOHD2OD
AT AT, BBAME, FIZT Iy A
VoREBE L OBREEE TH o720
Barnes 573 7 IV YN T — IR O BB KA F
WKL BL C OWIFEER,L L, EMZERR
FOT NI NAT—FFDFEF ) A7 & BEH

~NOEBETHEEL T b, HAWICATEE

B LB ERN 274%, TNV /N4 T —R/HD
X fERERIL 159 T T IHEHREF(159),
FHEIORER (1.60) - BILELE (1.61) & 1ZIZFRET
FERR(139) &Y b Eh o/, BHENREEILE
SLTWwBEHESINLET LI NAT—FRESL
3470 BE AT, BEE (650 7 A IZRVGTEE 2
fETh . EKEEHEENE MU0 T AN)2HH 2
(360 F ) & EE L Tyva7-. ‘

=7, WEEOEHPLHEHRICL o TIE, BE
AR L OBV EETH R W ETAHRE
LD LENL. EED Di Marco b5 DY A F
T4 v L Ea—(2014F)IZLBE 2013
FETOEFEBELR ECTEERE ZMEICET
BHERTBIEIFE 5 L OHF T, BEIZDOWT
BTSN TR TIT ISR/ TH - 727, &im
E—E TR <. BF 6 CBLE < FME (B2
HRE) OZWEAEORBEL L L IZ. WREOE
ROBEL THN. BAEEEES LB L DOF
BREWRETT A7201213, BoiERr o 0B
VETHHET AL P LTS EEIZISH
B 20221 ANxfg & LEWIE T BERE
HaEE L /-5 BEE (I IRRR/EE (BRE L ¢
W WEE) L) AR EAME (. RRE TR
TEE I ISEEEE L D ARte MR bv ) R
CHH N, BEOMEERCHRAMBEE~OEEIL
INHFNHRATETF -T2 EEZ 5.

794 T Geriatric Medicine Vol.52 No.7 20147

96

s [ENEDFTHEEE - FFENDIEF s

ZaF L ICERRO T e F L3y L ofibR
ZOFUREREER L. SHNICIZERTR
BRIEEN 2 ZBZOALER S 5. FD—F
T, BB ONEREBEORE) AV EEDL T
LB L By ) SEEME = o T 2R L
DB S, BHERT LY AT —KE D
BEYRBENTBY, ZOVTADOA DAL
ICHBMEIC L AL A L AVEET A EEZ
HENTV5* . EBEZ Sonnen 591, MEFRZE
BRI ZEREIE D 72 70 o 1o B G & 228 AEBI Ak L
T2l 2B, BMEEOKRBIZIEIT IV N <Y —9F
BECHEHTNVEE LRFEO 7 —F AN L
LEENROLNIZEHREL TV A,

FNTIE, BB RAEEO S D L)
EEICEEY 52 572590 ATy MT
N To Okusaga 5V OWZEIC Liuld, BZEILE
M ERCECORNRFEOER EESCEE
FY FERE EE - HEREE AEEL L)
OIRTFIZREEE L T/, Arntzen 504, BEm
EBED L VHIREEFEESE 5033 AD 7 4F
MOBHEEICL D, BREIISERLE F58)
T O IV9ELITFAMOBETIINL TOMIZL
LfEBETFCTho/-emELTHED, BEILH
FERCRAMRIEN S C OEILBERE Y52 5 L E
Zbb.

__ DOETORECBASEECETS _
Rt

(B TEFEEMTEL ¥ — - ZILIZET 5
£ B #t W 2 S5 B 98 (NILS-LSA : National Insti-
tute for Longevity Sciences — Longitudinal
Study of Aging) 1" T3, EHME KK - 1%
BRI A2 D 40~79 & O Hils FE R A H EAE
B S 2267 KRR E LT M2HED
ECEALREFERICEAT LIRS VIBHERE & 1T
STViA, TOHICIE. T 7 AT — R AKIEE
BAEWETE S (WAIS-RSF © THRLRE [
(— i BEICOVTOMBE) . [HEU G
iR EE - EEEOMS | TiEESEH (R



(A)

17+
164 slope=0.160***% slope
0 15.3 ' difference**
?:% 154 15.0 [ slope 0091”“
‘j__‘_ 1
S m— SREZfE
147 139 P Glope=0.124**** ... tjm
s [N
13 EE
N=ZXF1 6 F1#&
(B)
18-
17" ’_'_-_"."—f-:-:_:
/
_%u 16_ -
- T
g 15+ -
14 —E3 DL FERE —F1, 2451 FEEE
--FINMN BUE —-F1, 2o 2E
13
N=Z5A > 8 FEH
K1 HMEEOMBEICHTIREOHFEA) &H
O3/ 4 FO#EE{ER (B)
(A)XN—=ZF 4 L TORERR & [F#ESS] ©6E/M
DEAL
BUEIN—X T4 2 TOHEESRIC LEEBES

A, ThEE6FEROMEEL Tk

B ERTRHASHBTONBERIE LR L LP, REE
HUEANTEEHTEIZTOLEDESVWEIERICEY
S (FREE BEAZEREBELAREREETVCL

3, EEORBRESLUEZOEDRE, "*  p<0.01,
ek p<0.0001).
B) E"iéU) a A OF CERE & EERR A EEEOMBE
{bic ZEHEA

~N— X7*f PDahaTFOERE(ET - 28fLvs

F|INAL) & BUEIRIN (FEEE vs BIIE) THR 7 4 BE(1C
P, X=X 54 U EOHBRERS LU S EROMEARS
ROBBERT. N—ZX51 8, S8EHEDHIC, 3&5“5”
EO2BELEE. g hOF L E3NNETIIESICE
&#Hﬁbbh&ﬁot<b#b,kﬁ GﬁDT/%
C2HRIEEE, N—RF142 - BEHBELIZEHLD3
%;U%ﬁ* CHIBEBEYI RS - (EREBAEELH
BLUEBHESETIVCLB).

FHROBERAZETE  HBER o HOT P ERNE,

KEBEEBHOT U ERNENERIIHVWTRD SN
7=,

EWE nE[ 0)*§E.}‘E”€?)i
BEEXR ’5': mE)]) -
Examination (MMSE) 73? EDHIEE
ERBERENEIN TS E3

g < Mini-Mental State
- AR R R
IRERA (2002

e (UL,

97

~2004 ) H 5 5 6 REFE (2008~2010 ) %

D6 EMET, HEERCEABREEDO MR E L W@
MNRIFTEExHET L& 2 A, HsE(H# E
W, 2B, 5B aIw LEEER ORI R
EHEET, REMER IR I L TEERE L

N=ZAFA Y TO/EAME, FORRIT6F
Bhkm LT (E1-A). /o HEEAR
Bl SR TIEEEIC LR L/-0S REMER
IZHRTRERETIIFOLAOEEVITAEE

Ero7(E1-A).
BRIV D &2, BRI X AMERE T ERIE

HERCEYIZLEETNIHNBILWETH AL
07 /4 FiZkoCiEflaEn, BEFTLH DO
F /A4 Fe+5EERL T TIEHAEDM
WEACIIIERER L FETHo oA, a7/
{ NEIE D74 CEEEE TIXIEBER: & X
THELRNBEETPRO 517 (’1-B).

FEDH

BAJE |3 S S O HIEE ORI VN L B R
525LEZLNAED, *C@T?‘Z’if‘ i/& <
RERIEERICIEE > TV A
TLRIE, EADB &ﬂ?‘ﬂk %%%@
D ZRBFEEZ 2 b, RBEWEOEE
LERUIBE O HIRE T 2B B2 BT 5
T EEMED D 5.

X 7y
) WI3FE (@A EZEZEHRE ]
News Release, 20137 B 30 H .
http/ /www.jtl.co.jp/investors/press_releas
es/2013/pdf/20130730_03.pdf
Almeida OP et al : Smoking as a risk factor for
Alzheimer's disease : contrasting evidence
from a systematic review of case-control and
cohort studies. Addiction 2002 : 97 : 15-28.
3} Reitz C et al © Effect of smoking and time on
cognitive function in the elderly without de-
mentia. Neurology 2005 : 65 : 870-875.
Anstey KJ et al : Smoking as a risk factor for
dementia and cognitive decline : a meta-analy-
sis of prospective studies. Am ] Epidemiol
2007 . 166 : 367-378.
" Peters R et al : Smoking. dementia and cogni-

JT

Geriatric Medicine Vol.52 No.7 20147 l 795



796

10)

11)

tive decline in the elderly, a systematic re-
view. BMC Geriatr 2008 : 8§ : 36.

6) Cataldo JK et al : Cigarette smoking is a risk

factor for Alzheimer's disease : an analysis
controlling for tobacco industry affiliation. ]
Alzheimers Dis 2010 : 19 : 465-480.

7) Barnes DE and Yaffe K : The projected effect

of risk factor reduction on Alzheimer's disease
prevalence. Lancet Neurol 2011 :10:819-828.

8) Di Marco LY et al : Modifiable Lifestyle Fac-

tors in Dementia : A Systematic Review of
Longitudinal Observational Cohort Studies. ]
Alzheimers Dis 2014. [Epub ahead of print]

9) Weiser M et al : Cognitive test scores in male

adolescent cigarette smokers compared to
non-smokers : a population-based study.
Addiction 2010 ;105 : 358-363.

Okusaga O et al : Smoking, hypercholesterol-
aemia and hypertension as risk factors for

~ cognitive impairment in older adults. Age

Ageing 2013 42 : 306-311.
Arntzen KA et al : Impact of cardiovascular
risk factors on cognitive function : the Tromse

12)

13)

14)

15)

16)

study. Eur J Neurol 2011 : 18 : 737-743.
KHELFIIr RO mBRELL 7V F
I 4 ¥ » 7. Medical Rehabilitation 2010 ;
124(11S) : 105-113.

Sonnen JA et al ! Free radical damage to cere-
bral cortex in Alzheimer's disease, microvas-
cular brain injury, and smoking. Ann Neurol
2009 ; 65 : 226-229.

Shimokata H et al : A new comprehensive
study on aging — the National Institute for
Longevity Sciences, Longitudinal Study of Ag-
ing (NILS-LSA). J Epidemiol 2000 : 10(Suppl
1) : S1-89. v
REELT T3 BE - BEISMEEOMERE
LIt RIZTHE—BEEFREEZT LR E
L7 6 EMOMITHIE— BREXE 2012.
1411

REEE+T : T 2325 EEEBRFE [HEED

MEBEcBITrEELEITUTF /)4 FOXKE
eR—tiiEER 2 & & L /- HErif % ) ((RE
%5 23500074) i R EE. (RAFE HP
BEEF)

(BEEEHRE)

Geriatric Medicine Vol.52 No.7 2014-7

98

EHRELT T4R01197 ZERERRAFHHF2I ERHBERERREFHEN



Geriat. Med. 52(7) :

B ERBER - BERBECRME

Seminar

781~784, 2014

7. FEHE & ERHAE

' KEY WORD

" SUMMARY

P2H BF KNH 8 ®85 B TH &F
BEE SREE EHE SR8
BHREIEHECROS<HONIBRERBETH Y, BAMEBEICSVTEREN DD R

ETICHENMDDIEPRESNTVD. FLBIAEOELEHBFICSVTS, HIBEIHRIED

WU UEURIT709—THBETHDHREDLHD.

—75 CHATEER CEIERERE & L\ o o HESIC

HWITADNMAT, REELENWET D EBREINTLDD, TETFVADBRELLEL, SO
BRNDPBETHSD. BIEBEOZRICBVT, BADIBEEHNEEDHRIEETES.
FUSHIC T+ A% Uhlmann 5 b 7Ly /A < —BIF85
ELBW SN BEIIB T, WEFHLEEL
HBISHEIIRDDZVFEED 1 DTH N, LWHETIIEBIZEROD 58T MMSE 2 1
FEBERN RSN L FHEI LN 41 dB THENWZEY, SHIIHEOHLETIELE
VUl EBEREE L 60 Lo 18155, 70m Ko 1 %O MMSE b EEFED LR VEED -22 JI128 L
~ 28], 0RMD3I~4F, FHEHLNL2W T-39ALFFIIRTITAZILEREL T
ABULOEFEHBEEZLSD L L 60F A0 2~ 5
3E, 7T0mMAD5~6%. 0RO 7 ~ 8= %ﬂfci‘ RHEO R\ WEEREIIBIT HHE
AoNBY, BHMESEFIIBVWTLEEOSHF BT THAH) 7 ? —iEERL
BRECEOON, ENNREEEMA LY —0O %‘é& L7ckg 2 I BT, BEEEASTRAN R R
boehty sy —XZEEOFBEBEOEL ~522528BIlon ’CTﬁuTZ‘)‘ = 2"LT X7
END L. AR TIRHEMEELSECEEICY 500 %%8B2 éﬁiﬁ@&mﬁﬁ . EERR
WTEEL720, HHEEMBENEEILERTTA LW IFERD
THEKE . |’:’E ?5(%‘!*7‘, fE B O &R &
SoA0keE C HAE YRETHLEREBELEZBIRO VLV ER
D LIS A A B, Study of Osteoporotic
FRAE L EEIC OV TOMETIE (5 Fractures (SOF) Tld, N—=2 7 4 775“54*

SINTHEN. 1960 ERETEADITHEI LT
%%, Peters HIZEHE L ZMEIN TV A2 EBE
BT, BEPHLIEL L VEHETHITAE
@ Mini-Mental State Examination ( MMSE) %

S5EZOMMSERTOY 27 REESE

BEILE D> 7-h, BERETIEETI il}ﬁ‘
S L. ZOMETIIHRE LIS
BREE 2 L Tv:5. Hispanic Established Popula-

L, HEOLRWETIIMMSE A2 70O don for Epidemiolocric Studies of the Elderly

TIIEFEDO LoD L, gﬁ%ﬂ"‘sﬁi‘ﬁ?)é'%” (H-EPESE) Tlx., #BEOHEEIIZ2 ~T7TFERZD

-28*38 AL ABEELREXRDI I LS MMSE A :V?uJ%%f&Fﬁh&ﬁ_q:éE&b&#o AL
BvE55 AW (EISSEEME L #-BEREER . 558 71 (BUENAZEERGH, ELESFERNR t 2 -EEHE

B anlE DEC(ELREERMA L 8- ERIRRH, BHBAFAFREF RARAIEES - RS HFEEERIEEN) U

Hiz

99

U3 L (BEEFEAEAERRENENEMN, BEIRSERMR 1 2 —EEF - HEBFMR > 2 —NILSLSA ERMAE)

Geriatric Medicine Vol.52 No.7 2014-7

781



£1 BEAHE MMSE OBE(NILS-LSAE 7 KBEL )
EE BEHIE R EHEE =R b1 =
~25 dB 26~40dB 41~600dB 61~80dB 81 dB~ B
AF(BiE) 666 (305) 403(224) 165(101) 10(7) 4(3) 1,248
F& ) 68.0+0.3 73.9+0.3 78.1+0.5 75.4+2.0 70.8+3.2 71.3+0.2
HMER(FE)"  12.2+0.1 11.5+0.1 10.7+0.2 10.3+0.8 11.3+1.3 11.7+0.1
MMSE * 28.1+0.1 27.6+0.1 26.9+02 26.1+06 26.8+1.0 27.7+0.1
MMSE** 27.9+0.1 27.8+0.1 27.4+02 26.6+0.6 26.9+1.0
Fig g
*— IR E T IVIZ B W T p<0.0001
ST E IO E O TR, E8, KB £ EE (p=0.04)
CHELDRFETHIHREBEIIBFELEELZD '_émwﬁmég_”

Ty 4. Alabama County Study Tl&, 5%
DERFEREE T ICEEREE B xR T
. 720, HEEORELRAEEOEELE
SHMBI L AR r— VEMTHET FLT
T £ Baltimore Longitudinal Study of Aging
(BLSA) 225, BENAS10dB BV EF35 110 4
D7 +0—TF v THOBHEREDERESN
127(95%CI 1.14~129) 5 F A L W) BEF L
I7-® BLSADEHEEETH S Linld, £
D% BERE & SRR I L D W TR
#tiTTHB Y. Health. Aging and Body Composi-
tion (Health ABC) study D7 — 4128 Td
Modified Mini-Mental State (3MS) % (& U &
L7238 EEIRE DY, 6 FERO 7 + O — (T8
BOHAHFETIE R WEEICLTERL &2 RE
LTOEBEIERTTAIEERELTWAE?
F7, ML BLSADT—4 L0, HEND L
EROEBZDONBBBVBEIINSCRD V)
BITEROIREL TV 5"

bivbiid, BiEFEENEL Y §F——%
B2 3 & & B HE W7 7% 5 BT 98 (National Insti-
tute for Longevity Sciences-Longitudinal Study
of Aging : NILSLSA) 2B\ T, HFEOREE L
MMSE 2 I 7 OBEIZD TR ICRRET L
7. NILS-LSA & 7 RHAZTIZEIML 72 1.248 A
D—EHIBFERSME 60~HU F)IZB T, &
TWIRT L ICENPEVIZEFEEIZ MMSE
A THME (p<0.0001). Fifs, M. HEBEE
TRBELTCLEELMELZD/ (p=004).

782 B Geriatric Medicine Vol52 No.7 20147

100

EfARIEAL
BREX b L X

Lo g

HiEES
i

BEII2=/ -3 BEAOET
- B RRSE & EEE ORI

BB TS, BAVNEWEFEIZSERED
MMSE Za72MET 3 2fElErE b L
VO REREB/B TS,

SHE S BB OBEIZ OV TR IIRT L
H4Z, ERENE & HEEEICRIE L B ORTF. B
ZASTEIRAEAL, MREEN BEA L AR LN
HLOLERC, AR L LHERHINS.
REEM HAUTHREEE T 2bbENE0
bDEHARERINTOTL, SEOHER
D RMET T CTOHERE Vo2 BF0RIMEER &
PETFTTAHI LD, T BEFHIULTE
RSPV 20, BEII2=7r—2 3
DOAREDSERIEELPBILL T (2B LV
HOdH 5.



= HER(CXT DT ADFTAREREN DR =

FNTIL, HEEL@ESFL S THET LG
MBERIIET LI RADEL I 20?2 F2M
EEEIIBWT, HESERASNETOEEY
BT AU EENRESINTWEY. ZoHE
TWEar bOa—Lide s AR I IR
ZHAM B LTHEEIZERT LT F/

1

HEEHZ IR A2 HESRERTB TORAE
FEA B LS, TAYH, A5 Y R

Va, TIN5 H 5. Mulrow 53194 A
DBRFBEALRMRIC, HIESFERFCEERE
W77 v 5 AL EEEE T 2P =M
4 71 B % ® Short Portable Mental Status
Questionare (SPMSQ) 1%, ZEHETEE LU E
% 37> Van Hooren S ix EES#E 102 A
WL THEROIET » ¥ 2 b BE TV, &
Fi 12 #1 B # @ Stroop Colour-Word Test (SC-
WT) < Concept Shifting Task (CST) & vy o 72
RHREEREIZEEEZY RO Lo/ LT
A% Acar 5" B X UF Magalhdes 5™z #1L#
n3#7RB% 7HEEDMMSE 2EEIINE

L7z dmELTna. 72720 Eb 5350 AL
TONRBEGEFANERBTETH A,

&4~ DEFITIZ, LTBE FEAEEREETTLY
— /MERIRAER b N - B ERESEHE I
LCHIESERARG LA, JENEE
N, BAIEEARRED E L ERC. TV
NA T —RIBHEDOD 5 & EHIEE I MiEsE
g ZHMI T2 WEHD L9
W07zl TLEICMHERI DL Ikt
NEvio LR b, AL EL

TEBIFEER L Twa, Lo Lads, 1TEA
EWMRDBDOLNLZVEELH ), SROMRE

BLETH 5.

HHEBETRAL T b 2wOn. HiFR
ETHb. /NE SEE IWESTZ TIEIEY
BEDOY Z7BFNI LMo TEN. BA

BEETOH2EHETIL6HICFREETE

HEI %D L ERED
PHERET VS5 &

DIZEVIHELH L.
HRHRREAME T 3 5 97,

101

BENOEBRLOLERBEE L2 oD,
BolBERBOAFTOLAERSHEEFAA
HLAATLE D, SHIILIEENEBYEHE
AL72FFICLTWAHILADITA. FIZ F
TR RIERIE L T A EEERETIE. B
PFRED) A7 FE. BBEAE» SIS L
GHERERNIZVD, BAREALD L ERE
EIZn D2 WA, bRLbNORAETIE. 4O

TNt Y —FHERED T RIIETRRELIRD,
EiERES+KRETAILIZEN. BEHOALZS

T IR b BT 2 TTAREATRIE S 7

BHHIC

SAMEEEAMR T ¢ 5 L AR B 2 LD
Rl BOLEELFREITI LSS, B
RECIAHBEBTHNIIMETT CLHET A
L, WEGERANENZEELH A BHER
EOBBIIBVWT, NEEF = v 7 EEDORE
BEIEETH B,

; X [y

) AHBEE,» BEEEOESE L(hh5iE

BEE—EE - FEOT~T UMM BRMRE). &

HEE. KB, 2010 : ppl-6.
2) Peters CA et al: Hearing impairment as a pre-
dictor of cognitive decline in dementia. ] Am
Geriatr Soc 1988 : 36(11) : 981-986.
Uhlmann RF et al : Impact of mild to moder-
ate hearing loss on mental status testing.
Comparability of standard and written Mini-
Mental State Examination. ] Am Geriatr Soc
1989 : 37(3) 1 223-228.
Uhlmann RF et al : Hearing impairment and
cognitive decline In senile dementia of the Alz-
heimer's type. J] Am Geriatr Soc 1986 : 34
(3} 1 207-210.
Lin MY et al: Study of Osteoporotic Fractures
Research Group : Vision impairment and com-
bined vision and hearing impairment predict
cognitive and functional decline in older wom-
en. ] Am Geriatr Soc 2004 : 52 (12) @ 1996-
2002.
Reyes-Ortiz CA et al : Near vision impairment
predict cognitive decline : data from the His-
panic Established Populations for Epidemio-

6}

Geriatric Medicine Vol.52 No.7 20147

783



logic Studies of the Elderly. ] Am Geriatr Soc
2005 : 53(4) : 681-686.

7) Wallhagen MI et al : The relationship between
hearing impairment and cognitive function : a
5-year longitudinal study. Res Gerontol Nurs
2008 ; 1(2) : 80-86.

8) Lin FR et al : Hearing loss and incident demen-
tia. Arch Neurol 2011 : 68(2) : 214-220.

9) Lin FR et al: Health ABC Study Group : Hear-
ing loss and cognitive decline in older adults.
JAMA Intern Med 2013 : 173(4) : 293-299.

10) Lin FR et al : Association of hearing impair-
ment with brain volume changes in older
adults. Neuroimage 2014 ; 90 : 84-92.

11) Allen NH et al : The effects of improving hear-
ing in dementia. Age Ageing 2003 ; 32 : 189-
193.

12) Mulrow CD et al : Quality-oflife changes and
hearing impairment. A randomized trial. Ann
Intern Med 1990 ; 113(3) : 188-194.

13)

14)

15)

16)

17)

van Hooren SA et al : Does cognitive function
in older adults with hearing impairment im-
prove by hearing aid use? Int J Audiol
2005 ; 44(5) : 265-271.

Acar B et al : Effects of hearing aids on cogni-
tive functions and depressive signs in elderly
people. Arch Gerontol Geriatr 2011 : 52(3) :
250-252.

Magalhzes R and Iério MC : Evaluation of par-
ticipation restriction and cognitive processes
in the elderly before and after the audiologic
rehabilitation. J Soc Bras Fonoaudiol 2011 :
23(1) : 51-56.

Moore AM et al : Cerumen, hearing and cogni-
tion in the elderly. ] Am Med Dir Assoc
2002 : 3(3) : 136-139.

Sugiura S et al : Effect of cerumen impaction
on hearing and cognitive functions in Japanese
older adults with cognitive impairment. Geri-
atr Gerontol Int 2014 ; 14(Suppl 2) : 56-61.

(BEEEREL) BEYT T4748511 EREAMHHRRIEER B EVEFERNEL> 7 —FREEH

- 784 T Geriatric Medicine Vol.52 No.7 20147

102



@SCiMedCentral

Short Communication *Corresponding author
Hyuma Makizako, Department of functioning

M M ivation, Center for Gerontol d Social
Moderate-Intensity Physical ooy o o
Gerontology. 35 Gengo, Morioka-machi, Obu, Aichi,
vr3 Ty 4748511, J ,Tel: 81-562-46-8294; Fax: 81-562-46-
Activity, Cognition and APOE oo easii
Submitted: 12 March 2014 ,

Genotype in Older Adults with

Mild Cognitive Impairment

Hyuma Makizake'*, Hiroyuki Shimadal, Takehike Doi!, Hyuntae
Park!, Kota Tsutsamimoto!, Kazuki Uemural, Sangyoon Lee’,

OPEN ACCESS

i . - Keywords
Daisuke Yoshida!, Yuya Anan', Tadashi Ito' and Takaoe Suzuki’ « Dementia
Department of fumctioning activation, Center for Gerontology and Social Science, National * Alzheimer's disease
Center for Geriatrics and Gerontology. Japan « Physical activity
*National Center for Geriatrics and Gerontology, Research Institute, Japan * Memory

« Risk factors

Abstract

Mild Cognitive Impairment (MCl) is associated with an elevated risk of developing
Alzheimer’s disease {AD). The presence of the APOE €4 allele is one of established risk
factors for AD, and physical activity has been reporied to be effective for preventing
cognitive decline in older people. The aim of this cross-sectional study was to investigate
the association between moderate levels of physical activity and cognitive function
among older subjects who had MCl and were APOE €4 carriers or non-carriers.
Comprehensive neurocognitive assessments were conducted for 317 participants with
MCI aged 65 or more (mean age 71.3 years, 54.6% women), and their physical
activity levels were assessed using portable triaxial accelerometers. The activity group
included participants who performed weekly physical activity for 2150 minutes at an
intensity of 23 metdbolic equivalents. Among subjects with MCl who were APOE €4
carriers, compared to the inactive group, the active group exhibited significantly better
visual memory performance-delayed retention (age-adjusted P = .039), Rey Auditory
Verbal Leaming Test-immediate score (age-adjusted P = .024), and verbal fluency
test performance (age-adjusted P = .022). In contrast, among MCl subjects who were
APOE €4 non-carriers, the active and inactive groups showed no statistical difference
in performance on cognitive function tests. These results indicate that recommended
moderate physical activity might have a greater impact on cognitive function in older

adults with MCl who are APOE g4 carriers than in those who are APOE €4 non-carriers.

ABBREVIATIONS Recent systematic reviews and meta-analyses have suggested
asignificantand consistent effect of physical activity in preventing
cognitive decline among older adults without dementia [3,4].
Although these previous findings are encouraging, majority of
these studies were conducted on healthy subjects or did not
define the cognitive status of subjects, such as whether they
INTRODUCTION had Mild Cognitive Impairment (MCI). MCI is a heterogeneous
Alzheimer’s disease (AD) is the most common form of cond.it?on as:sociated with th-e trans.itional p.:hase bt.atween normal
dementia and causes an immense burden on patients, caregivers, cognitive aging and dementia, and is associated with an elevated
and society. The presence of the APOE ¢4 allele is one of the few risk of developing AD [5].
established risk factors for AD [1]. In addition to the APOE &4
allele, which is one of the non-modifiable risk factor for dementia,
several potential modifiable risk factors have been reported. For
instance, physical activity is a modifiable risk factor for healthy
aging and plays a role in AD prevention [2].

MCI: Mild Cognitive Impairment; AD: Alzheimer’s disease;
APOE: Apolipoprotein E; METs: Metabolic Equivalents; WMS-R:
Wechsler Memory Scale-Revised; RAVLT: Rey Auditory Verbal
Learning Test; VFT: Verbal Fluency Test

Another key limitation of most previous studies is that
they examined the effects of physical activity on cognition
utilizing self-reported questionnaires. Recent studies have used
accelerometers in an attempt to assess the pattern of physical
activity more accurately [6-8], and these studies have shown

Cite this article: Makizako H, Shimada H, Doi T, Park H. Tsutsumimoto K. et al. (2014) Moderaie-Intensity Physical Activity, Cognition and APOE Genotype
in Older Adults with Mild Cognitive Impairment. Ann Gerontol Geriatric Res 1(1): 1002.
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a positive relationship between habitual physical activity and
cognitive functioning in healthy older adults [7]. In addition, to
promote and maintain good health in older adults, moderate-
intensity physical activity for a minimum of 30 min on 5 days
each week is recommended [9]. A better understanding of the
influences of moderate-intensity physical activity and the APOE
genotype on cognitive function may help promote lifestyle
changes to decrease the risk of conversion of MCI to AD.

Thus, the aim of this cross-sectional study was to investigate
the association between moderate levels of physical activity and
cognitive function among older subjects having MCI who were
APOE €4 carriers or non-carriers. ’

MATERIALS AND METHODS

In total, 317 participants with MCI who were aged 65 and
more (mean age 71.3 years, 54.6% women) were examined.
All participants met the following criteria for MCI [10,11]:
having subjective memory complaints, exhibiting intact general
cognitive functioning [scoring = 24/30 on the Mini-Mental State
Examination [12]], exhibiting age-adjusted objective cognitive
impairment, not using Japanese long-term care insurance or
not showing evidence of functional dependency (ne need for
supervision or external help to perform activities of daily living),
and not fulfilling the clinical criteria for dementia. We assessed
for age-adjusted objective cognitive impairment (age-adjusted
score of <1.5 SDs below average) using the National Center for
Geriatrics and Gerontology-Functional Assessment Tool [13,14].
We excluded participants who were diagnosed with dementia,
had a history of major psychiatric illness (e.g.,, schizophrenia or
bipolar disorder), other serious neurological or musculoskeletal
diagnoses, or clinical depression, in this study. Informed consent
was obtained from all participants prior to their inclusion in
the study, and the Ethics Committee of the National Center for
Gerontology and Geriatrics approved the study protocol.

All participants completed neurocognitive assessments and
measurements of physical activity. The participants performed
the neurocognitive assessments including tests of visual and
verbal memory, working memory, language, attention/executive
function, and processing speed domains under the supervision
of licensed and well-trained clinical speech therapists. The
Wechsler Memory Scale-Revised (WMS-R) Visual Reproduction
subtest [15] was used to assess participants’ visual memory. This
test measures immediate (Visual Reproduction-I) and delayed
retention (Visual Reproduction-II) of geometric figures. The
Rey Auditory Verbal Learning Test (RAVLT) [16] performance
was used to assess participants’ verbal memory. We analyzed
subjects’ performance immediate {fifth trial score of five times
free recall) and 30-min delayed recall from the RAVLT. We used
the verbal forward and backward digit tests to assess working
memory [17]. The difference between the digits forward test
score and the digits backward test score was used as an index of
working memory. To test language functions, we used the Verbal
Fluency Test (VFT) [18]. In the VFT, participants were asked to
name as many animals as possible in 1 minute. Attention and
executive function were assessed using the tablet version of
the trail making test [13]. This test consists of two parts (A and
B) and we recorded the time (in seconds) taken to complete
each task, within a maximum period of 90 s. A shorter time to

complete the tasks represents better performance. We used
the tablet version of the symbol digit substitution test to assess
processing speed [13]. In this task, 9 pairs of numbers and
symbols were presented at the top of the display. A target symbol
was presented at the center of the display. Subjects then chose
a number corresponding to a target symbol at the bottom of
the display as rapidly as possible. The score was the number of
correct numbers chosen within 90 s,

Physical activity levels were monitored using portable
triaxial accelerometers (modified HJA-350IT, Active style Pro,
Omron Healthcare Co., Ltd.) [19]. Participants were instructed
to wear the accelerometer on an elastic band on their hip at
all times for 2 weeks. The output was expressed in metabolic
equivalents (METs, multiples of resting metabolic rate) [19,20].
Participants who did not record 75% or more of each daytime
activity, daytime being from 6 A.M. to 6 P.M., for 7 days during the
2-week period were excluded from the study. During the 2-week
period, the displays of accelerometers were disabled to prevent
the participants from checking their counts and values, in order
to ensure that they were pursuing their normal daily activity. The
activity group included participants who satisfied the criterion
of weekly physical activity for 2150 minutes at an intensity of
23 METs (moderate-intensity physical activity) based on the
recommendation of the American College of Sports Medicine and
the American Heart Association [9].

All the data entry and analysis was performed using the
Statistical Package for the Social Sciences (SPSS) version 19.0
(SPSS Inc. Chicago, IL, USA). The significance threshold was 0.05.
Means, standard deviations, and proportions were calculated.
Student's t-tests and chi-square tests were used to compare
characteristics between the active (weekly moderate-intensity
physical activity for 2150 min) and inactive (weekly moderate-
intensity physical activity for <150 min) groups among both
APOE €4 carrier and non-carrier participants. We used analysis
of covariance (ANCOVA) adjusted for age to compare group
differences in performance of neurocognitive tests among the
participants carrying and not carrying APOFE 4.

RESULTS AND DISCUSSION

Of the 317 participants, 67 (21.1%) were determined to be
APOE g4 carriers (e2/¢4, €3 /¢4, €4 /¢4 genotypes). In both APOE
€4 carriers and non-carriers, the active and inactive groups
showed no statistically significant differences in characteristics
such as age, sex, education, body mass index, diagnosis, functional
capacity, and blood markers (Table 1). Age-adjusted ANCOVA
showed a significantly higher WMS-R-Visual recall Il score
(age-adjusted P = .039), RAVLT-immediate score (age-adjusted
P =.024), and VFT performance (age-adjusted P = .022) in the
active group than in the inactive group among APOE ¢4 carriers
with MCL In contrast, among APOE £4 non-carriers with MCI, the
active and inactive groups showed no statistical differences in
performance on neurocognitive tests (Table 2).

This study indicated that recommended moderate-intensity
physical activity (2150 minutes of weekly physical activity at an
intensity 23 METSs) affects cognitive function in older adults with
MCI who were APOE &4 carriers, but not in those who were APOF
€4 non-carriers.
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Table 1: Participant characteristics.
APOE 4 carriers (n = 67) APOE =4 non-carriers (n = 250)
Active Inactive Active Inactive
Pval
m=27) (n = 40) P "31“‘9 (n=109) (n=141) value
Age, years 70.4£3.1 724454 0.08 70.7+4.5 71643 0.084
Women, No. (%) 15 (55.6) 27 (67.5) 0.3212 58 (53.2) 73 (51.8) 0.821°
Education, years 11.5+2.6 11.4£3.0 0.937 10.8+2.1 10.8+2.1 0842
Body mass index, 22.842.6 227424 0.861 23.4£2.5 23.8+3.2 0258 |
kg/m?
Diagnosis, No. (%)
Hypertension 14 (51.9) 15 (37.5) 0.2452 39 (35.8) 55 (39.8) 05712
Diabetes mellitus 4(14.8) 5 (12.5) 0.785 11 (10.1) 17 (12.1) 0.611
Heart disease 3(11.1) 5(12.5) 0.8632 9 (8.3) 21 (14.9) 0,109
Osteoporosis 4(14.8) 6 (15.0) 0.983° 8(7.3) 15 (10.6) 0371
Functional capacity”, 12.5+0.9 12.5+0.8 0.933 12.4%1.1 124411 0.838 |
Score |
Blood markers :
Albumin, g/ml 44403 4.4£03 0.854 4.420.3 43+03 0.142
Total i‘g"/lgfteml' 217.3+44.4 209.3+37.9 0.434 208.1+30.7 202.1#31.5 0.135
HbAlc, % 5.4+0.6 5.6+0.8 0.253 5.640.6 5.6+0.8 0.861

Note: Values are mean + SD and numbers (proportion) for sex, APOE £4, and diagnosis. P-value are based on t-test or chi-square (*). *The Tokyo
Metropolitan Institute of Gerontology Index.

Table 2: Comparison of cognitive tests between active and inactive groups of APOE &4 carriers and non-carriers.

APOE £4 carriers (n = 67)

APOE g4 non-carriers (n = 250)

Active Inactive | Age-adjusted Active Inactive 1 Age-adjusted
(n=27) (n=40) P value (n=109) (n=141) | P value
Visual memory
WMS-R-Visual recall I, score 31.8+6.8 27.7+7.0 0.077 30957 30.8+5.7 0.716
WMS-R-Visual recall 11, score 25.0+78 19.2+9.0 0.039 22.5+85 232+87 0.248
Verbal memory
RAVLT-immediate, score 109+2.2 9.1+2.6 0.024 9.7+ 2.6 9.8+2.5 0.556
RAVLT-delay, score 8.2+27 65134 0.135 75+3.3 7.6 +3.4 0.746
Working memory
Fomarf_igiatf’kig; 4, score 26+16 3.1+18 0.270 23+19 26+19 0.358
Language
Verbal fluency test, score 17.6 +3.4 148+ 4.7 0.022 15.7+3.9 15.7 £ 4.0 0.715
Attention/Executive function A o o o o
Tablet TMT-A, sec 19.9+4.9 215+6.0 0.640 216%7.6 21.8+59 0.881
Tablet TMT-B, sec 36.7¢12.1 44.2+18.1 0.288 41.3+15.9 44,1+15.8 0.446
Processing speed
Tablet SDST, score 42.3+69 38.1+£70 0.081 40.7 £ 6.9 385+7.1 0.065

Abbreviations: WMS-R: Wechsler Memory Scale-Revised; RAVLT: Rey Auditory Verbal Learning Test; TMT: Trail Making Test; SDST: Symbol Digit

Substitution Test

A previous longitudinal study indicated an association
between physical inactivity in middle age and the risk of AD,
especially among APOE &4 carriers. Thus, APOE €4 carriers
might be more vulnerable to environmental factors, such as
physical inactivity, dietary fat intake, consumption of alcohol,

and smoking [21]. In contrast, in a previous prospective cohort
study of community-dwelling older adults, an inverse association
between physical activity and dementia risk was found for APOE
€4 non-carriers but not for APOE €4 carriers [22]. Although both
the presence of the APOE €4 allele and low levels of physical

Ann Gerontol Geriatric Res 1(1): 1002. (2014)

105

3/5



