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Figure 3 Estimated 12-year changes in skeletal muscle
index (SMI) by birth cohort between 1998 and 2010
determined using general linear mixed-effect model
comtrolled for smoking, alcohol consumption, years of
education, annual income, and comorbidities (hypertension,
heart disease, dyslipidemia, diabetes mellitus, and stroke)
among (a) men and (b) women.

in our participants aged >65 years in the first
wave examination.® Among them, 38 (10.3%) men and
52 (14.5%) women, and 90 (12.4%) in total had
sarcopenia.

The present study found that skeletal muscle mass
decreased with age, except among men born in the
1950s. The examination was repeated every 2 years.
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Because the participants were informed about the
results of their muscle strength, they often tried to
improve it by training before the next examination. This
trend was particularly prevalent among middle-aged
men. Although muscle mass is supposed to decrease
with age, it might have indeed increased among middle-
aged men in the present study.

The present study had significant strengths. The
longitudinal design supported the credibility of our
inferences. Repeatedly assessing the same individuals
over time provided evidence of a decrease in appen-
dicular skeletal muscle mass in men and women.
Approximately 15000 assessments of randomly
selected middle-aged and elderly male and female
community dwellers over a period of 12 years avoided
potential bias arising from the inclusion of patients
with a specific disease or volunteers recruited by
advertisements.

The present study also had several limitations. We
could assess only appendicular muscle mass, as DXA
cannot assess the skeletal muscle mass of the trunk. We
were also unable to determine the quality of skeletal
mass; for example, fat infiltration into muscle, and
changes in muscle innervation and capillary density.**¢
Another limitation was selection bias imposed by the
longitudinal design of the study. Muscle mass data were
obtained only from those who could be repeatedly
examined, and these individuals tended to be healthier
than those who dropped out of the study. Other factors
besides aging that are associated with a decrease in
muscle mass include nutrition and food consumption,
frequency and intensity of physical activity, smoking
habit, alcohol consumption, medical history, genotypes,
and endocrine factors including sex hormones.
However, the NILS-LSA has repeatedly examined most
of these factors. Further studies of the NILS-LSA data
should show associations between various factors and
sarcopenia.

The present study mainly analyzed age-related
changes in muscle mass. However, poor physical func-
tion among the elderly is more important as a geriatric
syndrome, and the definition of sarcopenia has gradu-
ally shifted from a decrease in muscle mass alone to
poor physical performance with low muscle mass. We
plan to determine age-related changes in physical per-
formance including walking speed and muscle strength
using the NILS-LSA data in a future study.

In summary, we applied a longitudinal design to
evaluate changes in skeletal muscle mass with aging
among community-dwelling, middle-aged, and elderly
Japanese men and women over a period of 12 years. Our
data confirmed that skeletal muscle mass decreases with
advancing age except in middle-age men. The decrease
was large among elderly men and small, but significant,
among women. Although a cross-sectional analysis
showed that SMI did not differ according to age in

© 2014 Japan Geriatrics Society



Age-related changed in muscle mass

Table 2 Fixed effects of birth cohort and interaction between time and
birth cohort according to sex in general linear mixed-effect model of SMI

Fixed effect Estimated SE P
parameter

Men BC 1920s 6.842 0.057 <0.001
BC 1930s 7.195 0.056 <0.001
BC 1940s 7.465 0.061 <0.001
BC 1950s 7.658 0.058 <0.001
Time x BC 1920s -0.033 0.004 <0.001
Time x BC 1930s -0.0158 0.002 <0.001
Time x BC 1940s -0.006 0.002 <0.01
Time x BC 1950s 0.008 0.002 <0.001

Women BC 1920s 6.080 0.054 <0.001
BC 1930s 6.061 0.053 <0.001
BC 1940s 6.148 0.059% <0.001
BC 1950s 6,115 0.058 <0.001
Time x BC 1920s -0.012 0.004 <0.001
Time x BC 1930s -0.011 0.002 <0.001
Time x BC 1940s -0.007 0.002 <0.01
Time x BC 1950s -0.007 0.002 <0.01

Smoking, alcohol drinking, years of education, annual income and comorbidities
(hypertension, heart disease, dyslipidemia, diabetes mellitus and stroke) were
controlled in the model. BC, birth cohort; SMI, skeletal muscle index.

women, leg extension power per leg muscle mass, which
is an index of muscle quality, was significantly lower in
older women. The age-related decrease muscle mass
was very small in women, but the muscle quality
decreased with aging in both men and women. Our
findings should provide useful basic data for assess-
ments and the development of strategies to prevent
sarcopenia.
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(Wave 1)), TQIfE (Wave 2)!, [918E (Wave 3)f &\
SWEEM LR, FRICHTS [YE] & Mzl
OFEHEZHRET S &, [HFH ] 1313137 (SE182,p
<.001), T & &—.078 (SE038,p<.03) THo7
{RMSEA=,089, CFI=.938), Wi, @S5 2O TFRRE
BEICKY, [IWS5D Wave 1), 5D (Wave 2)],
[5> (Wave3)| LI BEEHEZERL, BlD
FHE{ToECS, [YH] &38073 (SEI12, p

Teble 2 MEEEL IS DDERFF R, ¥4 (SD)

B Wave 1 Wave 2 Wave 3
g
P 12.76( 5.46) 13.73(5.43) 13.51( 5.60)
n=1725 n=532 2=416
H|l 10.94( 5.62) 11.51(5.36) 11.05( 523)
n=1725 #=532 n=416
RRESER 9.36( 3.71) 9.79(3.73) 10.38( 3.42)
%=725 2=532 n=415
&5 38.99(10.42) 38.79(9.99) 39.82(10.39)
n=725 =530 n=414
w5
SHEHITER 3.07( 3.18) 297(3.17) 2.98( 328)
n=725 2=523 2=412
3 DB 1.90( 2.65) 1.78{2.54) 1.78( 2.38)
_ 2=1725 a=527 n=407
BIF 1 TEEREY 2.73( 2.59) 2.87(2.71) 3.01( 2.76)
7=725 n=527 n=417
o AR 0.33( 0.74) 0.33(0.81) 6.33( 0.79)
#=725 n=527 n=414

i VRENSOAEEIToTVILD, RIF 1 TBI0 ‘B 2RTEHTSHS.

BEERRUTOLEOTHS.

s © M o-20, W 0-28, £EEMO-21, FE0-53
#1575 1 SENHER0-2, 32BN e-21, RVF 1 TEH0-21, HABES
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Table 3 PHESGDEEGFE (Wave 1)

1 2 3 4 5 6 7 8 9 f L §
1. E
2. # 01
3. HEE -0 -3t
4. FIR -05 g™t et
baj:
5. [ -0z  —28%° 498%™ a1
6. |l -07 —.a10° 48°°°  10°° 2%
7. SBEERL —13°%°° —~28°%° 22°°° 0%° 43°%° 437
8. B8 —25°°° —00° 42°°° 2°° 45°°°  45°°° 3g°°°
#3o .
9. SamEER 09° 0% —03  —09° —-09° ~05 @ —18°%°% —13°*°
0. 5OBiE 04 07 =04 —32%° —08° - 1% -u3°°
i, BPF 7B 01 06 —13°%°° -0 ~—.5°°° —12°° —13°°° - 15°%° 35°°° 35°*°
12, WA 100 =03 —04  —08° —14%° —11°° —11%°° —11°° 49°°° 1% 7%

& "WEEENEERToTVALY, RYF 1 TR0 'BE'
°°05<.001, °°p<.01, *p< 05

<001), TMH&) 12.151 (SE083, p<.05) LiEESHh
7c (RMSEA=.093, CFI=.912), SO &SI, QHETIR
EBOEE, B5 O CREDESBERTH -/ d
5, Wave 1 15 Wave 3ICHFT, DEGETL, 115
DI EETHMERNREN:. LPALENS, E4DF
ZOEIETFLEELTEL, SEEMS> 20 45HO
Eiti, 0 Tizhnd, ERIDSHEERSNS.

B, THHMREDS S, BHEETH S Wave 2 -
Wave 3OLTARICHDSRL LD 1EBMULLS (553
B) &, Wave LOZIZBILEE (171248) KBLT,
Wave 1 DERERET 3 &, 2B LOBMER Wave
10ADOBMELD S, £TOREDTURERSNE
< (A1 ¢(723) =438, p<.001 ; Ef5l : 1(728) =391, p
<.001 ; BESTR ¢ 1(723) =6.60, p<.001 ; FFS : #(723)
=498, p<.001), £TOMWS>OTHRESINE,P -
o (B {FHER - 6(723) =3.99, p<.001; 5D 1 ¢
(723) =4.00, p<00L; KT F 4 TG : 1(723) =243, 5
<.05; RTABME : 1(723) =448, p<.001). =7z, CESD
DAy bFTHRA b (Radloff, 1977; BiZH, 1985)
ZHWT, 688 E% HI525F0), 1558 T2 [l
IOEL] KBETHE, M52F0] ongEOH
&1, Wave 1 T 1559%, Wave 2 ¢ 11.70%, Wave3 T
14.93% TH o7,
2. EXRE, aclS5 o0HEEE

Wave 1128173, EXEE, QE0TEEE, RU
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ERTHETCH D,

@S5 OO THREDEBEITAE Table 3 IR . F/
2, EED 2 MURELERLAOHEN, #57002F
MREEFERLEOHEEERL. &3, Q0L To
THRELEELAOHEE, 1550 1 FTHRELER
ZEOBEEZRLE. RERBIL, QEDLTOTHIEE
LERREOEE, 152501 THRELEELAME
BERLE, EE, AEOLTOTHRELERLRE
DHEE, W20 2 TFRRESFRLZENBHERL
fzo 51, MELWSoTIR, [EO & [SE0E
Rl BT [320848] DSogagbeicbnt, 88
REOBENTREN, 2TOEEBEMIDE, W5
DWTNIOTHRE, TURELEREBEETRLE
ENS, MUFTR, ChonBEEBRETEYL CEN
2i5C&ELi=.

3. WEENSOOEESHLEERE

W OFEOBEOMEICEET 20H, HELIIHE
BEDBOWSHILEETHONLHPLIITE 8
2, AHEOEEEE2ECRZBENREFL (Fn-
kel, 1995) 2R L. SEOFRETADEBELT
DBV THS (Figwel BH). (1) WAISRSFD 4T
MHREBR (G- Bl - LERR - 75) 2ENEN
ELT [HEE] LS BEEH %, CESD 04 TR
BEBA (BENER - DB - BUF ¢ T - WA
BIfR) 2EREHELT [W52] LW I BETHE
Bli. 20OB, SBELEYBIBHAOBELR
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S, _Wave 1
&ﬁ'ﬁ ‘S.” ¢
-

MOO' .m.‘. )

g " A ED . " =0l " A EE e || =m gg] e
E% m‘.' Y 75... Y ﬁ.‘ﬂ m'l' / ml.. 77‘-‘ ﬂ'éﬁ ﬂ‘ﬂﬂ w‘.‘ 79.3. 3 m". m." o
o TR 1.01°°° o 97°°° E N
N Wavel S Waved A
O o
—15 . <~ -0
S e a2 S TER

B ad 787.” Mo“ mﬂ»

58] [ 55 |Ro71] [ HA BB 55 |[FoFq
ik ml:fml Bt &ﬁ:l!@ml’)’%

FIRE AR
Mz fER || B 1 s || B

& EREERGERERY. BHERNORSEN, BERER (F & - 0FE - SR »o0SARERLL.

22p<. 001, *°p<.01 *p<.05

Figure | HEEL IS DDOXREEZBEYREFN (Full E57)

TIHERERRICE, SHRRICBUSEHBEEL
foo BEZEBOBMEREREICRT, (2) THIE]
5 28BO [W5-2], M52] »6 2580 [A
tEl ~OMAEDEHHLERMGELRE L. €D
B E—-BREROSRAMICEI 2B EEE, &6
ROBELZRBMOEZEBEETVCEBRAAL. 3)
SEBE (GEB - HNEE - E10 »5 [0532] &
U [afE] KT 3BEERETHILICLD, Tnb
OERNLBEEEBELL.

B, TFNEEET BB, Perrino et al. (2008),
Fulkukawa et al. (2004) 28EFIC L. £k, SHOE
2, BHETCBTSREEERLT, TotimEt
WEREIC XA HEE LT 1. TRERBENEERE, 8
FEnkF—-y 22 CHOWCHEBEZENCNET 3 EE
ETHY, EREONATRAEEL, HEHRITE
(BOFEL D HHEDP SO 2 REENNS W) JEh
5, BLORBEZECBALENLFECHS (H
& - ik, 2004).

Figere 112, [4E] & TS5 2] oMAEOEEHE
FBERARAARZEBEDRTTL Pl EFL) OF
B2%R9. B&EE, CFI=970, RMSEA=034 T
D, EFAVHFLBELTEYETHHILIRENL. &
FLOBEZLUTCRT. 27, EXBE,S (406,
@52 s8R, E6Hs6 (MLl ©
Wave 1 & Wave 3 (f=-—.098, p<.01; B=—072, p
<001), ErSTHE] O Wavel (B=-.173,p
<001), HEEH»S [DE] O Wavel & Wave 2 (8
=575, p<.001 ; B=—.088, p<.08), EWH S [#0>
2} ®Wavel (B=—.108,p<.01) "OELEEBES
BERTH- 72 (BPEE). T, 2TORRLBL
T, A, W50, BEEHORTFEARE 40
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B EOBERGERERL. 3612, [QE] O Wavel
25 Wave 2, Wave 25 Wave 3 NOEHIEBVWEE
ARLTED, E2EMTERICTELTLALERSA
7o 2B, [HEE] O Wave 1 25 Wave 2 DIRAICEH
UHEMERRERIZ1IZEATHW. BB (2008)
3, BEHRONRAL, EOfMHEN 1 ZEBR5BEHH
HLHBALTV S, SEAOEFLTCIRSELSENED
SRBM /- ENS, 101 &0 SEBERBERIZ,
REREH [ (Wave 2)] (CH U T, BUES [k
(Wave 1)] AHERCEVFANEER>Z LIk,
EULLERTHHEEHNSISB,

(gl »6 28480 MB52), H52] #5245
BO[HE] EOUIRERACEET S L, [WE
(Wave 1)—{1 5> (Wave 2)i, [4IEE (Wave 2)—~il>
D (Wave 3} DEHUPERTHY (B=—.11, p<.05;
B=—13,p<.05), A&l W 2E%0 [W5>2] K&
DEBERITTEFREIN. LELEaNS, [115
2 {Wave 1)~HlEE (Wave 2)1, 15> (Wave 2)—51
gt (Wave 3)] DBEHEBVThIERTCRE 2 (B
=02, ns; ﬁ-—'—".m,ﬁs)o
4. [HgE—-852] EFN, (150l TFILO

BE

WIS, Perrinoetal. (2008), SSHLRMEH (2008), Fu-
kukawa et al. (2004) Z2FiC, QEHISTOEROES
DADERE, WP S TOROTEDYELHE
TRBI, UFORHEF 7. (1) 852} #6
2B [MEE] ~DEHEE 0ICHBL, MMEl 52
F80 [MH2] OFROZBEFERT S [HE—~S
D) EFLERELL. TOB, TRgEl-MN52] @
Wave 155 Wave 2, Wave 2 55 Wave 3 DEHI-SHE
HBzEL, [GE] 5 280 [B52] AORE
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EHAEBESE1LS

Teble 4 [HE—~#I2] €FN, [H52—FE) EFNE Full E7ADER

27N CFl RMSEA  AIC i Ayva Pl BFN
[@ig—-m>523] =FL 970 034 811.808  yX304)=551.808""" x43)=2.4%6us
[@5->-[El 270 869 034 821615  xY(304) =561.615°>° xY3)=12.303°°

Full 2701 70 034

815312  x{301)=540.312"*° -

1%. CFl=comparative fit index; RMSEA=root mean square error of approximation;

AlC=zhaike Information criterion

[afE—MM3-2] TFLTR, AEI-[52] O Wave 1 #5 Wave 2, Wave 276 Wave 3 DFZHICSH
FEBL, (15 2]—l0E] OBEHREOLCHBLL. —F, [M52-8] TFL TR, H52]-
TRl & Wave 1 5 Wave 2, Wave 2 75 Wave 3 DIERICSHENZEL, [REl-TT52) o0&

OB L 2,
8004 < 001, °°p<.01, ns=not significant

78, Wave 1 *5 Wave 2, Wave 246 Wave 3DRET
FESTHB&EEL. (2) [HEE] »5 280 [
0] ~OBEE OICHAL, M32) 52580
[amgel DB#DHEHEET S S5 >-H] =7
ZRE L. ZOB, M5 2]-[0E] © Wave1H
5 Wave 2, Wave 245 Wave 3 DEGRICSEHNZE
L, 152 #5 2ERD [HiEE] ~OEEH, Wave
155 Wave2, Wave2 25 Wave 3 DS TCRETH S
EFEELL. 3) [REgE—-BS52] EFLE 52—~
Mgl =FAZE, Pl EFNERB L. ZOE, ¥
fEnEIc L B5BREE{To 7.

[RgE—~M>2] =Fi, [@55-4#] €EFLOBE
BEEE, BEURMETFTNVEOREZITHoHERE T
bled {ZRT. MAEDTFAICENT, BEEIXRER
BEERUI. LALENS, B2 [QEE—-5>2] 2F
g, T3-H5-4ggl €70, Pl EFLERSELT
AICHEP->ATE, PEOZZRVWALBREOES,
EVFHB/OLHWFAN EFLERSOEE BN
s, BHBIIHTEZDOLIVEREETLT
B ryEmshiz. [QE] »5258%0 [B52) ~
DEBZEFBLEEZR L (Wave 1 ~ Wave 2, Wave
2—>Waved & Hic, f=~.12,p<.01),

~%, [lS52-5El FIiE, ACHARLEL,
Full BFLO ¥ BERRTERIIBVW A BZR LA
Es, BHNCEFLOASMENI EPHEHS IS
Zofze [WM32] 76 284D [HEE] ~OEHIE,
FRTRBAD 2k (Wave 1 — Wave 2, Wave 2 — Wave 3
Eyis, B=~.00,n)

= ®

EHETR, WREEBBESOREF— ¥ THLT,
MEEE IS OORBRBEBGZIC LW TRR 2T -
7o TORE, W] L2880 [152] KAOE
BERIFTEMTENS. LbLads [152] »
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S 2450 [NE] NORSRBOSNEN .

CRET, ELDRTHECHOTAMLE LMD
DEDRFNLBENRESNTER (eg, Baune et
al,, 2007; Ganguli et al., 2006) 75, BEREABRICHT I
ROERIZEEL Twi (eg, Barnes et al,, 2005
Bielak et al., 2011; Dufouil et al., 1996; Ganguli et al., 2006;
Kohler et al., 2010; Perrino et al., 2008; Vinkers et al.,
2004; Wilson et al., 2004) » ABRUL, HAHEOERLNL
BREETREICESAATEZEBESRETLERY
TERETBILICLD, SEPSZOBROMWSDITHT
BEBLEGZRUL, HEEEOBHEICBY M
DR, H2EBOWHO2TFRTHTMESEERLL
HCEBHETHDHEEAS.

INETID, MERYIRATL A0 F%EE
ABRETHY (Baltes & Langs, 1997), HEHOME
DENRFEICH L TEELREZ 6T LERERN
T &7z (Shifren, Park, Bennett, & Morrell, 1989). 2 ®
ABZAAIE, UTOS»oHBT S EHTEB, §l
AL, Vinkers etal. (2004) 3, BHEEEZOQEET
NOFTEZ0HON, BEBRICHTHLENERS
LTOWS>25| B8 EENH S &EBLTY
Be i, BREZILE-T, BEEFEMLTERERS
CENFTEHHREIDR, BELROBTHS. o
T, MEFETTHC LK), £F2FEHTAC LI
ELIZRULY, HRIOL S CBEMRNESSERY
BIENTELVWIELZEBLAEDTAILE, 352
OREERES Y, BHICTAITERI S EHEHSH
% (Bierman, Comijs, Jonker, & Beekman, 2007; Perrino
etal, 2008). —F, BRSOLOECESPBAONLE
BEHIOTRIBECEBTAINELH 5. 7B,
BOHIEERE TR, RAF1 TRFL 740
(RRPHABREZE) k20T, BYF4T 24

T4 7OEEEPS, SENICEISSLETBICTS

(Shifren et al, 1989). L LaA's, MEMFEVESEIC
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3, AHT 4 THPTICORESTFTLESZ &ick
D, ZO%, M5 ORBLFIERITRENHS LES
ENTWLA (Shifren et al., 1999; Zwahr, Park, & Shifren,
1999), S5, HREOREOESE, FHOEEZ
MTT, BREFTAEALIMEETHIEH L, RBOE
Bt ABEZEHBT AN S Y, Thils-oi
BEITAWMELLER SN TV S (Fisher, Segdl, &
Coolidge, 2003). ZWRTCHRBSNIERE, CO&D
RAEED SIS DADEED A N XL ERBLTWVS
LEZoN, 5%, THED S ZOHOMH INDEE
ORc, BE&EHE (ADL : Activity of Daily Living)
PBRRAY LN, FBOBRYRESOENEHL2ELD
AREFVOBHBBRETCHHLEELONS,

—7, SEHOREEEHRETFL TR, WHONED
BOREICRIZTERLEZREY Ol 27, I
FCOEBEENRE UIHIRTIERTR, 1558 F0
BOMEZETESEALWHEEMNSHS (Kohler et al,
2010; Barnes et al., 2006; Wilson et al,, 2004) —/A T, i
S0 HHEADEBIE RV E TSN (Ganguli et al,
2008; Vinkers et al., 2004; Dufouil et al., 1996; Perrino et
al, 2008) 50, TNOSOERREBELTCVE. 2O
KREERTHE, MAACREREEERULBAR
X, 115200 2 EROPENB S OEEMNL Y R VEF
LS RWHEEEZ R T AMROSBRERBZENEER
SNB. LrLess, SEOZERICELTR, EIH
BFFL VOEPOUETOLIIICIEEEIBZESD
5, BRICBHEEICRARETHSH. 7, SHOE
FUTE [HEE] O Wave 1 75 Wave 2, Wave 225
Wave 3NDFEMFLTHIBEEERL (Figwe 1), &
EREMEEFTVERVARBEICBVL TS, [HE] ©
BlLERIESOFIINPEL, H2EOHBTERES
7o AEEROMEOELISER TV hwWEER SN, ©
DORICALT, FEEEOAEOELIR® > D EBEFT
T H=HIC, 2, IFHOBEVLHEHETCRASC LK
8LV ATk (Schaie & Willis, 2002) #S{EiSh Ty
B, RHRTE, NEETOBAZOXREZVWERSE
{Schaie, 2005; Wilson et al., 2002) ZH&R & LTWHEA,
HFHISHEEEAETH Y, HHEOHEREOEELCSM
TAHIENTETHAI LI 5HH, HERBRBEOREN
BRAEEXD. #2T, TOLHREBHIIBITAHE
DETERZLY, TOBASICREETIETE2RNT
BeHITE, IS5ICHEEOREZ LTI BB
BELEAFEENSS. ZRIZ, B5320FSHZED
BOMEZETFTEER L VS WL RYET 384z,
AWEL D HEHNEH LT o TLAHRICELZHO
TH -l (Kohler et al., 2010; Barnes et al., 2006; Wilson
etal, 2004). REBEHRETLOBRRLELT, ¥4
LAZFOBEHSEFECE RV EMBEESNRTVRATE
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» & & (Piccinin, Muniz, Sparks, & Bontempo, 2011},
BRECRENT, HIS DR EOBRODEDESICRE

LaWnEnIERR, 25805 HENEVEECORE
REGETLERRLSOCHRI LI, BEIDE
THBo

T/, EBRTE, FL0BEOBRSHICBYAESD
DRIEZBGEERCE> TS #0oT, SEOER
i3, —BHICBA05 D OENHRESH, TO2E
BOMEDESICBES LRV LEZRTIOTHS,
UL Lads, —Bi2ilsoTianl, BEhailS
DEETHAEDETICHETILWSBENSH S
(Kohler et al,, 2010)0 7, ZMROR—-RAF4 T
3, #16% OEBEVEESEAY b A THE/ P
X0 [fI529F0] CHESATEY (BERDL), &
O, FBETFEEV 2L, MEEEOSSRS
OP|WIOOBBEIFF15% THHEHE LA, Blazer
(2003) &IZE—HEL TV COLSREENICER
SNBSS OBEN, TOBRONENETICEELRIE
THfERE LSS (Wilson et al, 2004}, E-T, S&IL,
15 20ORFEPH HRBOTMEEZRAASAALET
VOB ZITOBRENSDEEZSNS,

BE, BERIE5 AL AF SR LE VS BREE
SEBATED, WBEICEIALIANSEMYED
BREELA2HEMBARTHEERSATBY (BB
i, 2012), BWREVMEZERLENS, WHORE
B3 2L EBETHLHOEBNL F— 5 2HNT
HC &, HEMCHLBRHEHCOLERTHS. TOHR
T, AWROBHIE, BITHE (FEACHMS2HS
REAN, HHVIIHEISMIDALNS, B—FHR0D
B THok) DESM—HELTOE,-, SfELR
SOOFEBFRICONWT, AELNS-2EELERE
Lo RBSH#INH T — ¥ 2B T, FAH0ESEEOR
HET2RIETHED, E6ic, SERSN, KEE
PR ZEBOWI DB ERIETAEEIHD LD
BREYSIIL, UTOREREDRREZB/HIENTES. #
Z1Z, Bierman etal. (2007) 13, BUBEOKBEEMN
SoEDBEEEZREEL, HE (poor) PHEE (Alzkeim-
er'’s disease) DL RLCIEEL, $85 (average) »5
FEE (moderate) DEMBHETERTEBEOW
IOMBIFL RBEANSHBEERLTNRS. T&
bhB, QINTESR, B, DHo8PHEETICEL
T, W52 RkECEEEZRETEANDH S ESA5N
3. FHETR, BREREOVLIREESENRE
LT8Y, SEDBREFILIE, BBEECLBML
o, SVDERBORELESSOBHEERLTY
B COREERTHE, AFETCHSNLERRE, &
Bk SRR B 3, BHfLNEOCE
SCHECTHOETY, T0HROWNIH2HMATET
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BEEHEZRLTVAEEALY. #-TC, BEEORS
FILBITS, CNODELHILTECETICHLT, 2
DR - FLEEZBEETLEOORATOTTLEERKTS
Sk, ISOFRHIcE>TEYCHIEEISNS.
e, MEEIERT AMECE, HEABOEHRE,
MBICEBRHTT ¢ TREEEZHPTVEAVEEN
% (Kaufman & Lichtenberger, 1989). BREEHZ®T
DEEEZI AN, AEET OMRELLT, BHe
&3 7% 5 BIREEE (selective optimization with com-
pensation : SOC ; Baltes, 1987), $4&b5, kLD
BRWERZERLLY (BR), 2o0BRVERTERD
Baeie Ly (BE), BE0ET2E>HLL
HEPERRABELEY (BR) T35 ET
S2Ld, BBEESOMSOBHBICHLTHRNTSS
EEZ6NB,

EREDBRE LT, UTFOAPBTSND. F—
I, 2EBLABHT—yiIcRRIBESSLEENAT
Bo FLIC&D, BHEECSMUL P2 -EBRENE
ETAIL, Ware LOZDBME LD S, BHREEK
LBMULEERIICBVT, QESEL, 058K
Folll2E2ETHL, SHOBECEIRENS
(Schaie, 2005) A& THBY, LVBELIEFREBEO
ERZEOREFRBRENTOATEEICEETIHEN
H5Bo T, MEOELVVETEZRTESSIBY3
LS >OPEBRIC 2V TIE, SROBHFBRE
THBo HIL, ABHETIZ WAISRSF © 4 THIEE,
CESD-D @ 4 FTliREZEMESE L, [@El 15
3] WS BEEHLBB LT LORHEET L.
LaLizhts, AEOHEICE-T, WH2EDEER
GBORENRBEEESSHD. Tk, MS3DOICELT
b, BLOBEMLERICRY, GELOREBENE
BB LGV, #-T, Skix, T 55030
HOOBFERLERLET?REL, EYOMEPATS
BEICANLCREPBETH S, L, EFETI,
HMEEDIKEEN 2 FHROMS DI B2 RIET LIRS
iz, SEOXZBEHREFN-CIE, A8, W52
DREFOBALIC B BEESPAS M E > ITBEL
Ve TbE [RBOETHTOROMS> d22BASE
APESIH], Hr0 [BLREXZOEOWS 0%
BET 5048, EVAESZOROMI>EZRASES
D] 20T, BETEIEFTELI2k. 58
&, TELMIH>OBARELEZEREL LTHBRAL
57N, BZE 2EROEH R 7THOET-EFTO
B2 %R ¥ 5 Dual Change Score Model (McAr-
dle & Hamagami, 2001) Z &2V, & OEEL2EH
NHEEnD,
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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 >24in the second wave (n = 430) to estimate the odds
ratio (OR) and 95% confidence interval (Cl) for MMSE score <23 or MIMSE 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.

COMCLUSIONS: 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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INTRCDUCTION

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
mammalian 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 assessmenits to quantify blood levels of fatty acids
(FA). Blood FA biomarkers can be measured to indicate differences
in their delayed response to shori- 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.’®?' 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 tevels
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.2**®

To clarify 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
(£ 04) years.

Exclusion critetia were as follows: (1) those who were <60 years in the
second wave (n=868), 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
coltected 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 clinicat
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
impairment2® and thus was also used in the main analyses. Among
participants in this study with an MMSE > 24 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
baseline, 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 completed
over three continuous days (both weekend days and 1 weekday),*? 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 poriion 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 histoty 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-
cholesterof 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

Al 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 (mi/day),
current smoking status (yes or no), BMI (kg/m?), history of heart disease,
hypertension, hyperlipidemia and/or diabetes (yes or no). Differences in
prapottions and means of covariates according to the MMSE score in the
seventh wave (10 years later) were assessed using the y>-test ot 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
* 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 smaking 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% Cls 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 assaciation 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
assaciated 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% Cl) 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, R” = 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
exarnine 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 difference in DHA in plasma cholesterol esters and
phospholipids,™ but also reported 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)
men.*® 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.) 277114 284+ 14 0.04 275+22
Age (mean + s.d., years) 709+5.9 66.4%5.0 <0.01 71.3%55
BMI (mean * s.d., kg/m?) 244427 228%27 0.02 229+33
Alcohol (mean + s.d., mi/day) 10.2+154 81%135 055 75+147
Female (%) 46.7 46.0 0.96 50.9
Fducation
<9 years (%) 66.7 311 0.01 47.0
10-12 years (%) 6.7 15.7 21.8
=13 years (%) 26.7 533 31.2
Current smoking status (%) 6.7 154 035 17.4
History of hypertension (%) 53.3 31.1 0.07 425
History of hyperlipidemia (%) 133 215 045 21.9
History of diabetes (%) 6.7 7.2 0.93 12.8
Triacylglycerol (mean = s.d., mg/dl) 85.9£25.7 120.9£62.1 0.03 117.7 £ 666
Total cholesterol (mean * s.d., mg/dl) 219.1+379 219.1+337 0.99 216.5+ 36.1
HDL cholesterol (mean * s.d., mg/dl) 61.27£16.1 59.9+ 14.9 0.72 607+ 158
Serum EPA {mean £s.d., pg/mi) 7491411 81.5%£39.7 0.53 77.5+ 40,9
Serum DHA (mean * s.d,ug/ml} 14501385 1622+ 452 0.15 157.1 £ 494
Abbreviations: BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL, high density lipid; MMSE, Mini Mental State Examination.
ZSubjects 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.
For 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.

© 2014 Macmillan Publishers Limited

104

European Journal of Clinical Nutrition (2014) 503 -509

505



Serum docosahexaenoic acid and cognitive decline
R Otsuka et af

506

Tabie 2. Baseline dietary intakes of subjects according to the MMSE score 10 yéars later in the NILS-LSA study
MMSE< 23 MMSE=24 P-value®
Number of subjects 15 415
Energy (mean +s.d,, kcal/day) 2270.0+£371.5 2095.9+394.8 0.85
Protein (mean * s.d., energy%) 147115 157120 022
Fat (mean * s.d., energy%) 21.5+6.0 235+43 0.03
Saturated fat (mean * s.d., g/day) 16.2+5.2 154%5.1 0.85
Polyunsaturated fat (mean % s.d,, g/day) 122%27 129%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 * s.d,, g/day) 475.0+145.2 469.9+ 139.5 0.74
Beans {mean + s.d., g/day) 7924356 72.8+ 498 0.14
Vegetables (mean * s.d., g/day) 283.9+81.3 336.0% 1305 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 %635 102.2+50.3 0,16
Meats (mean * s.d., g/day) 409+238 56.7+324 0.18
Eggs (mean + s.d., g/day) 4691295 46.7 £25.7 0.39
Milk and dairy producis (mean £'s.d., g/day) 213.1£120.5 165.6+ 1286 0.83
Sweets (mean £ s.d., g/day) 71.7£53.8 38.3+386 0.04
Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MMSE, Mini Mental State Examination. *Independent t-test was used.
Table 3. ORs and 95% Cls 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) 72 T3 (high) Trend P?
EPA (range, pg/ml) 14.1-59.2 59.2< —-904 90.4< —31.8
Number of subjects MMSE score declined >4/<3 12/129 13/129 11/136
Age, sex, and educatlon-adjusted OR (95% CI)® 1.00 (reference) 1.18 (0.50-2.79) 0.86 (0.35-2.09) 0.70
Multiple-adjusted OR (95% Ci)P< 1.00 (reference) 1.10 (0.44-2.75) 0.69 (0.27-1.76) 0.83
DHA (range, pg/mi) 59.3-1385 1385< —- 1756 175.6 < —354.6
Number of subjects MMSE score declined >4/ <3 21/118 6/138 9/138
Age, sex, and educatlon-adjusted OR (95% Ci)° 1.00 (reference) 0.23 (0.09-0.60) 0.35 (0.15-0.81) 0.003
Multiple-adjusted OR (95% Cl)>< 1.00 (reference) 0.22 (0.08-0.61) 0.31 (0.12-0.75) 0.004

Abbreviations: Cl, confidence interval; DHA, docosahexaenoic 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

(yes or no).

Tabie 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

71 (low) T2 73 (high) ANCOVA P Trend P?

EPA (range, pg/mi) 14.1-58.2 50.2< — 904 904< —31.8

Age, sex and educatnon—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% Cf)® 1.00 (reference) 2.76 (0.78-9.72) 0.51 (0.08-2.91) 0.11

Multiple-adjusted OR (95% CI)<¢ 1.00 (reference) 2.92 (0.74-11.54) 0.52 (0.08-3.24) 0.13
DHA (range, pg/ml) 59.3-138.5 1385< — 1756 1756< —354.6

Age, sex and educatlon—adjusted MMSE score® 2748 (0.15} 27.89 (0.15) 27.70 (0.15) 0.18 0.29

Multiple-adjusted MMSE score™ 2747 (0.15) 27.90 {0.15) 27.68 {0.15) 0.7 0.32

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

Age, sex, and educatlon—adjusted OR (95% CI)° 1.00 (reference) 0.16 (0.03-0.78) 0.26 (0.07-0.98) 0.02

Multiple-adjusted OR (95% CN)¢ 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, docoszhexaenoic acid; EPA, eicosapentaencic acid; MMSE, Mini Mental State
Exammatlon, 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 "Adjusted 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 (mi/day), current smoking status (yes or no), body mass index (kg/m?), and history of heart
disease, hypertension, hyperlipidemia and diabetes (yes or no). “Adjusted ORs and Cis 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)
ua/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) pg/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 signaling.®® 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.*

In terms of serum DHA levels, the muitivariate-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.>*3* 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 (tettile 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
nummber 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, vegetabies,
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 inteke 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 score24. 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 oider
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).** Ameng 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 admiited 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.
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