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Table 8 FHTEHEIDIEEES (Wave 1)

) 1 2 3 4 5 [ 7 8 9 16 11
1. FB
2. & .01
3. HEE -0 ~-13"
4. B - .05 —-14%°  q1°°®
ffE

5, HE -.02 —28°°°  49%°  11°°
6. &l =07 -.10° 48°°°  10°°  e2°c°

7. @A —13%°° —28°°°  22°°°  08°  43°%° 43%"

8. ®5 —~25°°% —09° 42°°° 12°° 45°°° 45%°° 3g%°°
5 :

9. B{aiREiR £8° 107 —03 -08° -09° -05 —.15°°° - 13°°®
10, S0 D4 07 -04 -12%° —-08° -4 =10 —13°°" 0%
u, R¥F« 7B 0 06 -13%° —06 —U5°°° —.12°% - 13%°° - 15°%° 35°°° 35°°°
12, MAHE 100 ~03 ~.04 —08° —14%°° —i1*° —11%%° -3

49033 51“‘ ‘27098

& WEEEOABZToTVALY, RIT 4 TBHOC BE ERTHTHS.

°ep< 001, “p<.08, °p< 05

<001), [MEE] 12.151 (SE083, p<.05) LiEESN
7z (RMSEA=093, CFI=912). O &SI, HETR
B0EE, U5 OTREDHESEERTH L eh
5, Wave 155 Wave 3 IS5 C, MEERETL, 15
DR ERTHEANTESN. LLENS, £40H
ZOEIRTT EERLTEL, SISm0 4 £H0
ZEiX, 0 cikandt, ERITISHEERShS.

2B, FRHREDI> S, BHREETHH Wave 2 -
Wave 3 OVLTANCHDELES 1EABMLAE (553
B) &, Wave 1OAIZBMLEE (17248) KBLT,
Wave 1 DBRSEHRET 5 &, 2@ LOBMEIL Wave
10HADOBMELD L, 2TCOTEOTHRESENS
< (En : 2(723) =438, p<.001 : FfSl : £(723) =391, p
<.001 ; &ESERR © #(723) =6.60, p<.001 ; S - £(723)
=498, p<.001), £TOWHID>OTHREBEISES -
fo (B {ERIEEIR - #(723)=3.99, <001 ; S DBIF 1 ¢
(723) =4.00, <001 ; R F 1 THT : 1(723) =243, p
<.05 ; FTABME : 1(723) =448, p<.001). Zz, CESD
DHy bFTRAL b (Radioff, 1977; B3, 1985)
ERWT, 1688LE% M52080), 158LUT2 B
I2BULI KHETHE, [M3-F0] oxgsoH
&1%, Wave 1T 15.59%, Wave 2 C 11.70%, Wave 3 T
14.93% TH o7z

2. EXRERE, @MELNS5o0ENRG

Wave 1IC517 5, EXFE, GECTHERE, BRU
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IS OOTHREOREEMTHZ Table3 ILRY. €8
2, S0 2 MIBEEERLAOEN, 5702 F
HRELERZEOHEBERLL. iz, SIEO2TO
THRELERLAOHEE, B15501 TRRELER
LEDBEEZRUE. AEEI, QEOLTOTigE
CERLENEE, M550 1 TURELEFEEADE
BeRUl. S, AENRTOTHEELEREE
D4EH, WH3 202 TURBEHRLEOBMEERL
fzo SHIC, MEEZMSSTE, [EHEl & [E6HmE
Rl B [5288] HSogadbeicsnt, a8
EOBENFRENE. 2TOEREENGOE 85
DVTHhAPOTHRE, THRELARTEEERLE
Seds, BTFTR, ChonERBELEMLTEN
2iT50&& L=

3. AEEENS ONERYHLEENG

I OFEDEDOANEIEEST H0H, HEWIIHE
BZOBROMWIOLEET 0P EHSPIT B 10
I2, WAROBREEEZSLTRERYEEFI (Fin
kel, 1995) ZRE L. SEOFFEFTAOEREYT
DEYTHS (Figurel BB). (1) WAISRSFO4 T
RERR (R - B - LESS - #72) 2RER
ELT Ml EWSEEEH%E, CESD04TFRER
BER (REAER - 5084 - RYF ¢+ 7BIF - WA
BR) 2EMBHELT [WH52] LwSBEETHSE
Blic. DR, SEBEEEYSBRABHOBELFR
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%, FINEERERERY. ONERNONRSEN, SEXR (55 - - REFE - SR »o0/SARHELE.

20 < 601, *p<.0L *p<.05

Figure 1 FEELINS DDXZEEEYREFN (Full €7N)

TIEEBILBRRIC I, IRACBUASERNEEL
foo BEZHMOEBGERZERIRT. () TRl
5 2EH0 [W52), [M5-2] 6280 (4
] ~OBRFHROEEHLEEMELRELL. 20
&, E-BREHoRBARIIC B 5 RSHEEE, &5
HOBEEHMOBEEMZEFLCEIRAR, (3)
EARYE (R - % - HEE - £ »5 W52] &
U TaE] IS d2REERETAILICLY, Cho
OEANZBREEZABLL.

B, TFNEBET BB, Perrino et al. (2008),
Fukukawa et al. (2004) £BEL L. i, SFHOE
i, BHESCBARIMERZERLT, Z2REL
EERBCLAEREETo L. REBRBELEEER, &
BlSniF— 22 TAVTHSLEYICNET S EE
BETHY, HEREORATAREL, HEHRAIL
(OFELDLREDI SO 2RET|AVNEN) Z&h
8, SLORBELZECHBELCENLEETHS (HE
B - ik, 2004).

Figure 112, [EIEE] & [52)] oXARMOERM
ZERBAAREREEFEHBRTT L (Rl L) OF
B2%R7. E&EIR, CFI=670, RMSEA=084 ¢
D, EFALHPLELLTRETHAIESRENL, €
FLOFEELUTIORT. 7, E58Ere [HmEl,
W3- LT8R, EB»S IFE] @
Wave 1 & Wave 3 (=—.098, p<.01; B=—.072, p
<o0), EHhoTHE] OWwel (B=-173,p
<001), BEFEH,S [HEE] O Wavel & Wave 2 (B
=575, p<.001 ; p=—088, p<.058), ERH» S W5
2] O Wavel (8=-.108, p<01) OEHREFRBES
PERTH- - (BHEBR). =i, 2TOBRLCSL
T, AitE, WSoLLR, SAZHORTEERII 40
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B EOEBRRERER U, 612, [HEE] @ Wave 1
5 Wave 2, Wave 2 55 Wave 3 NOFHUIIFWER
RLTBD, &28MTERICRELTWALERSM
7o B, [AEEl @ Wave 1 205 Wave 2 ~\DIRARICH
UAERERIRGEHRIR1IZHEL TV . EE (2006)
&, BAEONRAL, EOENSEN 12858855
BEFHELTVS, SLHEOTFLTRSERBENED
SRBH oI ENS, 101 &S EBERBERIE,
HEEH [ (Wave 2)] ISR UT, MUERH Q4
(Wave 1})] M#EFLEFOFEREZR>C LKLY,
EUSRTCHAEERSNS,

[FEE] 6 2880 [M52), 52 #6524
BOTAE] LOS3BBERRCEFBT B L, THE
(Wave 1) =il 50 (Wave 2}, [QIEE (Wave 2)—~ifl 5
2 (Wave 3)| DEBEHEVPERTHY (B=—11,p<05;
B=—13,p<.05), [MEE] K 2ERO [WH2] L&
DEBERETIEN/REN. L Lks, 1S
> (Wave 1)—4i8E (Wave 2) [, TS5 D (Wave 2)—40
E (Wave 3)] OBBEWITNIERTCRE»-4 (B
=02, 15 ; f=—04, 15) o
4. TREE—~W5D) EFN, @504l EFILO

BE

i, Perrinoetal. (2008), SHRIEH (2008), Fu-
Iukawa et al. (2008) 28FIZ, DEF ST OEDOES
DADEERL, W52 FOROBEADE B2 HE
FTH=DI, UTORHET>7. (1) [{152]) »5
2550 [MEE] ~OFHE0ICHBL, AE] »62
80 [H52)] OEBOAZERET S [HE—NS
2} EFLERELL. TOB, TAgkl-l1>2] ©
Wave 1705 Wave 2, Wave 2 %5 Wave 3 OFHICEME
FfzEL, [Tl 5 2580 [H525] \ORE
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Table & [HIE—ifi5 2] BFR, (1508 FFLE Full ©FADHE

EFN CFt

RMSEA  AIC

V' AvsFull EFN

[de—~®B>52] =FN 970 024
(5 -—-MEl =50 969 034
Full 71 870 034

811,808  x%304) =551.808"°°
21615  x4304) =561.615°°°
815312  x%301)=549312°"° -

148) =2.496ns
23} =12.303°°

i%. CFi=comparative fit index; RMSEA=root mean square error of approximation;

AlC=chalke Information criterion

[QfE-l>32] EFLCR, [DEl-[{152]) O Wave 1 76 Wave 2, Wave 275 Wave 3 DESICSHE
SR RL, [M52]-[AE] NBEREOCHE LR —%, [@5>~-@E] TFLeR, 3 21-
[E] & Wave 1 6 Wave 2, Wave 2 5 Wave 3 DERICSHENZBL, HiEl-IN52) &%z

olIEIdL A,
°*25 < 601, °°p<.01, ns=not significant

%, Wave 1 55 Wave 2, Wave 2 %5 Wave 3DRKRT
FESTHdLEELE. (2) [HEE] »6 28E&0 [l
32 ~OFEEEOHAL, M32] »5 2880
[mggl oREna2#EET S [N55-A4] TFL
ZRHP L. TORB, [W52]-[ME] O Waveld
& Wave 2, Wave 2 5 Wave 3 DGHICSHEMWER
L, [#i52] »6 2880 (98] ~OREN, Wave
156 Wave 2, Wave2 26 Wave 3 DEETCRIETH D
EFEEL. (3) [MEE~MS2] EFALE W52~
]l =FLE, PAlEFNERB L. TORE, 1
BOECLBEEZIT272.

[aE—~521 €70, [B55-R] EFL0OE
BEHEE BUFRll EFNEORBEZ{ToER%E T
bled ISRT. MHDTFNICENT, BEEERRFR
EERULE. LpLads, §iC [AE-52] £5F
g, MSH-qifgl ®5h, Fall EFLERELT
ACHE,- =L, YEHOSZRAVWLREDES,
EDHEBOS VP BFLEFSOBEENBOHSL
AZLHhS, HABIIHUETRZIVOIVWEREEETLT
BB LHEShi. TAE] »6 2580 [B5321 A
DEHIEFERLEZR L (Wave 1~ Wave 2, Wave
2—>Wave3 & diZ, B=~.12,p<.01).

-7, (3 >—ME] =7, ACHEDLEL,
Ful 7LD FEERRTEREBVWA#ZRLAS
EP5, HHBICETLOBESMEN LA M
LZotke [MI52] o 2880 [MEE]l ~OEHIE,
ERTREPo L (Wave 1 — Wave 2, Wave 2 - Wave 3
Pl 2} ‘:, ﬁ= "'.00, ﬂs)o

z 7

FHETR, HREEEHSOHRET - 2RV,
HEL WS >OEBBHLEBERRIC>LWTREE2F-
o FORKE, [MEEl 22850 [B52] KADE
BERIETEMTENL, LpLars [{I52] &
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5 250 [HiE] ~OBEGRBYsnEd T,

CRET, SLOETHRECBVLTANZENLINS
DEDHEFHL2BENRESINTER (eg, Baune et
al., 2007; Ganguli et al., 2006) #¢, BISRBRICHT 5
ROBERIZEREL Tz (eg., Barnes et al, 2008;
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) . BRI, FHMOERIZ
EEEZZRBCASRAESSEEGBREFLEZRAN
TEHTHILICLD, HEDPSZOBROMIDITHT
PERLEGZAEML, HAEEOERE BT M1E
DIKEH, $2EBOMWS>H>2FRITHTAEEZRLI
RCHBETHBLELS,

THETICD, AERYIVATIL AV TEE
ABRETCHY (Baltes & Langs, 1997), HEMOME
ROBHBREICH LCTEELEEEL 07 RS
T &7 (Shifren, Pack, Bennett, & Morrell, 1938). 2@
AAZRXLIE, LTOE»6HHETHLMETCED, Fl
AL, Vinkers et al. (2004) I3, RBREEHONEET
ADFFEZOLON, BERBRICRTAOENERE
LToMHI->2F|I B THEE S S 2ERLTL
Bo B, HEHEFICL-T, BEVFEMLTLEBERS
CEMTELHESITR, BEEZBHOETH B, #-
T, MEFETTICLICKY, EFEHENTAC LIS
ELSEZRUED, oL SICRAEMAREESERT
BIENTEIRNIEEZEBLAEDTHILYE, 152
DBERESE, BAKTITEESSH BTSN
% (Bierman, Comijs, Jonker, & Beekman, 2007; Perrino
etal, 2008). —F, BESOSROESSBAMEE
BEb6TRBECEBTAINERLH B, ThbB,
BURAERHETBI LR, RFF1 TRFLTARVE
(FAPHABRZE) Lo0nT, £YF47- 27

T4 TORMERFS, SENCEISCLETEITS

(Shifren et al, 1980). L LaA%5, FMEMSEVEEI
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&, 2HF4 THRRTICOHMESTHTCLES S EICL
0, FO%, W5 ORBESIESECTRBRMNHDH LEBE
BNTWLA (Shifren et al, 1988; Zwahr, Park, & Shifren,
1999), E612, BHRFOAMEOESE, FHOREZ
WTT, BTTHEHLOHEHETHI LS, REDE
B AEMEZFHRT 20IERMNS Y, TnsMS5on
BEIHTMEHLEFSA TV S (Fisher, Segal, &
Coolidge, 2003) . FHETCHBSNERIE, ZD&D
LZAESP SIS OANDEBOA AL ERKBLTVS
EEZ o, S8, BEDYSZFOHROMS DADEE
DI, REEEL{E (ADL : Activity of Daily Living)
PRARAY 1), FSEOBEWHRRESOENEHELESD
AIEEFLOERVRETHHLELLND,

—%, SEOFSBREBBEFLTIE, HIS524FD
BOAEICRETHESEBRBY onEd o1 Th
ZCOEBEENGE LRIFHETR, 15208%0
BOMEZETEEHLVHIRENHS (Kohler et al,,
2010; Barnes et al., 2006; Wilson et al,, 2004) —A ¢, i
SO LHAEADEBIIR LT AR (Ganguli et al,,
2006; Vinkers et al,, 2004; Dufouil et al., 1996; Perrino et
al, 2008) B0, ThEDOERIBELTVE:. 20
REEERTHE, DAROERREEERULEBAR
I, 1504 2 EROREDE S OERELNL Y R VEF
K46 R LAEER R AMROSEREIRBREVLER
5NB. LpLais, SEOERCHLTE, ECH
RIFFA VORI OLUTOESICHEBEIDEN
5, BRICBHEBICRARETHS 5. 27, 4HAGE
FIh T [AEE] © Wave 1 5 Wave 2, Wave 2205
Wave 3NOFBHFVTRLEEZRL (Figue 1), 18
ERBMEETVERVWERFICBVWTS, Rl ©
EleERiEEofINSL, H2E0METRESR
7o 4 SERDOTEOFE{LIIER T bR RSN, ©
DEICELT, FEESOTEOELIZ® - D &ET
T 5=, 2, 3EHOBEVREBRCRASC LI
8 LVLAEER (Schaie & Willis, 2002) MBS hTL
B, BHPRTE, SEETOEAZORZVERS
{Schaie, 2005; Wilson et al., 2002) £H8& LT3N,
#oIMBEEETH Y, HEEORBEORECSM
TAHILATHETHHI LI5S, HEEHRBEOEW
WALEZ B, 2T, TOLHLRBF BT AEE
DETZRZLEY, TOBAZIEET 2BFERHEY
B-8icd, E5IFEEOEEZET-BEN2IBHN
BRBLLANMEENESD. ZBRIC, B52083HZED
BOAEEETSE3 LW AEELZRET 38HE,
AEWEL Y LERNLEH LT > TLAWEILEZH0
TH iz (Kshler et al,, 2010; Barnes et al,, 2006; Wilson
etal, 2004). REBEBREFLOBRELT, ¥4
LA VOEGESEFECEEVENEEERTVATE
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# & ¥ (Piccinin, Muniz, Sparks, & Bontempe, 2011),
BHRCRENS, MIDBTOBROAEDNESICRE

LEVELSERR, 28E05 RSO EETOE
BRGETILERHLAESOTHBI LI, BRINE
THBo

£/, EHRTE, £40FEEORSICHITSEHD
DRBEZHSERCE-> TV D, #-T, SEOEER
3, —BEICBE3M5 >OEMRESH, TO2E
BOMEDESIBEEBLEVC LEZRTHIDOTCHS.
UL La#s, —BMaifid>ciial, BEAamS
DIEFFAEOETICHETIL VWS BESEDS
(Kohler et al,, 2010)0 F 7, BHEOR-AFA4 T
I3, H116% OEBEVEBENE Y P AT7RA Y ME
&0 [529F0] CHBEnTHEY (BROL), -
O, BITHEZ L2, MEEFOEBE
DS DO OBERHE 15% TH 2 EHME L, Blager
(2003) LIFE—HLTW. COXSBEESICER
SNBSS OBEN, ZOBROTMENETICHEBLZRIE
THEEESE LSS (Wilson et al, 2004), =T, S5,
B3 2ORFHECN) OBBOTEEZRMAALEET
LWOEBRETODERSDHLELS5NS,

BE, BARIES A1 AS S L &S EREH
AFBATHYD, 0BEICEIACLANSENEO
BRELLHHEMBRTHLEHENTBY (KB
¥, 2012), WEREFOELERLENS, WHIOEE
B9 5T L EETH-DOERRT—F 2ETT
HT LR, HEMICHLRHENICLERATH S, TOK
T, BAFROBAE, BITHE (ZEALHFISO2HS
A, HHVRRRI M5 IS, B—FR0
BiETHo%) OERV—EHLThixdol, MHELR
SOOFEBRICONT, ARELBSD2BELERE
Ul XN T — ¥ 2HWT, THROESBEGEOR
HB2{T2lTCHBH. 86, SERESNE, K
PR 2EROWH DL EBLRISTHEENSD LD
ER,LIZ, UTOEERRREZBIENTED. B
R\, Bierman etal, (2007) 12, BRIBREDKB LT
SOEDEBEEFL, HE (poor) PHEE (Alzheim.
er's disease) DL RLTCREEL, $ (average) »5
FEE (moderate) OEABEET L RTHBEOW
IDHBRIEL RBEENSHEETRLTNS. T
b5, ANRENR, B, THOSPHARETICBY
T, W DLARE2EEERETEANHH LS50
3, FHE TR, BOAEEEOZVLIREEEENSRE
LTED, SEOBREFLE, BHEHECLSML
o, SODSRBORELEBSOBREERBLTY
%, COREERTAL, APIRCHELSNALERE @
Bk BRI BIZ 2SI BT 5, ERNGLNEOE
SPREOTROETH, TOHRDNSH2EXTENY
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BEARLTWVWAEELELD. -, HEHEEDER
ZFLBFE, ChHDEPHPLEOEOETICHLT, £
OER - M ERBETLEOONATa IS LEZHT S
ckix, BSHOFHIcE-TEYCHHLELOND,
Ei-, HEEETAAECE, HELB0OEHNRE,
MBI L B30T « TRHEEZTPTVEANEEN
A (Kaufman & Lichtenberger, 1999). BBEHE B
DBEEZTAN, FAEET ORBELLT, 8#Z
&3S BREHEL (selective optimization with com-
pensation : SOC ; Baltes, 1987), T4&b35, ERLD D
MWERFEELALD (BR), 2oRVEETCERD
BEeBP UL (BE), BEOETE2EIFHLR
FEPERLBELAD (BR) tEaiI3LXBET
S &b, BESZOMSSOBRICHLTHRNTSS
EEZS6ND,

FHEOBRELTE, UTFOBAIEToNE. 5—
2, SEBVEBHF—yICRRBERSL EENATY

FEelc k), BEESCSMLEP - LERSHE
ETBHIE, Wave lOZDBMB LD S, BHEEL
HEBMLEEEEICHVT, MEIEL, WO OHE
okl l2ERTHE, SHADEECRREGLR
(Schaie, 2005) #EEHTHD, KVERLLEGREO
EREOBENRBRENTHATERICEET ZHEN
BB, #-T, PEOBLVWVETZ2RTESSICBUS
HEE L M5 SOREEHBIC2V T, SROBHMBRE
THB. £IC, AHETIE WAISRSF © 4 THEE,
CESD-D ® 4 FREZHEMERE L, (@l 35
2] EWSBEEHRICHALLEFTLOBHET> 2.
L Lads, QECEEICE->T, B52&DEER
FOBENIS R ATEENSS. Tk, WS2ICELT
%, By OREHLERICLY, QEEOHEBENSE
BBhH Lk, #-T, $&I, T HHWIEE
S OOIFALERINTTREL, E4OHEPHED
FRICANLEBHEPBETSH S, F=IL, ERKTE,
HIBEOKIED 2 FROMWS DB L RIFTILHRS
iz, SEOESFEHRET T, TE, W52
mﬂﬁhﬁﬁt.stiefﬁ%ﬁ‘ﬂﬂ Sz Lk:@é’&

. TabS [MEOETHEOROMSHeHkse
é#&:’ 5%), B0 [BLHEFZOEOWS> D%
TET 500, EVEOENTOROMI>ERRSES
OR] IKDNnTR, BETAZENTEAN 7. 58
i3, GELIS>OBARELELERE LTERRAAR
EFN, P, 2EROBHRAITEHOEF-BHO
E2E4% 2485 § % Dual Change Score Model (McAr-
dle & Hamagami, 2001) &2V, K DEHARESH
HEIEN5B.
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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.

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

Keywords: DHA; EPA; serum; cognition; Japanese; elderly

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
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 cogpnitive 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 dinical dementia.'? Furthermore, it has
been proposed that FAs in the blood are associated with cognitive
function.’® However, other studies focusing on dementia nat 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 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 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 2

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 2070 to July 2012, The mean (£s.d) interval
between the second and seventh wave for each participant was 10.2
(+04) years.

Exclusion criteria 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
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 dlinical 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 > 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 porilon 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.?? 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 fipoprotein-
cholesterol levels were measured using the dehydrogenase method and
direct method at a dlinical 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/mz), 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
accerding 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 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 scare 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% Clis) 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, A7 = 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% CI) for the lowest through highest tertiles of serum DHA
were 100 (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
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 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 ts.d) 277114 284*14 0.04 275+22
Age (meant s.d., years) 709+£5.9 664 +5.0 <0.01 71.3%5.5
BMI (mean * s.d., kg/m?) 244+27 228+27 0.02 229+33
Alcohol (mean % s.d,, ml/day) 102+ 154 81135 0.55 754147
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 21.8
>13 years (%) 26.7 533 31.2
Current smoking status (%) 6.7 154 035 174
History of hypertension (%) 533 311 0.07 425
History of hyperlipidemia (%) 133 215 045 21.9
History of diabetes (%) 6.7 72 093 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/di) 219.1+379 219.1+£33.7 0.99 216.5%36.1
HDL cholesterol (mean = s.d., mg/dl) 61.27 £ 16.1 598+ 149 0.72 60.7+ 158
Serum EPA (mean +s.d, pg/ml) 749+411 81.5%£39.7 053 775+ 409
Serum DHA (mean *s.d.,pg/ml) 145.0+385 16221452 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, ytest 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

Eurapean Journal of Clinical Nutrition (2014) 503 -509

494

505



Serum docosahexaenoic acid and cognitive decline

R Otsuka et af

506

Table 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+%3715 2095.9+394.8 0.85
Protein (mean = s.d., energy%) 147%15 15.7%20 022
Fat (mean % s.d., energy%) 21.5+60 235443 0.03
Saturated fat (mean % s.d., g/day) 162152 154+5.1 0.85
Polyunsaturated fat (mean = s.d., g/day) 122%27 12936 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) 4750+ 145.2 469.9+ 139.5 0.74
Beans (mean * s.d,, g/day) 792+356 72.8+499 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+£63.5 102.2 £50.3 0.16
Meats (mean * s.d,, g/day) 409+23.8 56.7+324 0.18
Eggs (mean + s.d,, g/day) 469 +£29.5 46.7 +25.7 0.39
Milk and dairy products {(mean +s.d., g/day) 213.1+£1205 1656+ 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
71 (low) T2 T3 (high) Trend P?

EPA (range, pg/ml) 14.1-59.2 58.2< —-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% Ci)° 1.00 (reference) 1.18 (0.50-2.79) 0.86 (0.35-2.09) 0.70

Multiple-adjusted OR (95% chne< 1.00 {reference) 1.10 (0.44-2.75) 0.69 (0.27-1.76) 0.83
DHA (range, png/mi) 59.3-138.5 138.5< — 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% i 1.00 (reference) 0.23 (0.09-0.60) 0.35 (0.15-0.81) 0.003

Multiple-adjusted OR (95% C!)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, docosahexaenoic acid; EPA, eicosapentaenoic acid; MMSE, Mini Mental State Examination; OR, odds ratio. *0On the
basis of multiple logistic regression analysis, assigning dummy variables — 1,0, 1 to tertiles of serum fatty acids. "Adjusted ORs and Cis 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 (mi/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 (fow) T2 T3 (high) ANCOVA P Trend P*

EPA (range, ng/mil) 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% cnd 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< —175.6 1756 < —354.6

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) 0.17 0.32

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% cped 1.00 (reference) 0.11 (0.02-0.58) 0.17 (0.04-0.74) 0.01

Abbreviations: ANCOVA, analysis of covariance; {, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenaic acid; MMSE, Mini Mental State
Examination; OR, odds ratio. °On the basis of the general finear 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 (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). “Adjusted 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/mi, 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 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 demaonstrated 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 inteke of DHA (543.0 vs
5903 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 shelifish 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).** 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.
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Six-year longitudinal changes in body composition of
middle-aged and elderly Japanese: Age and sex differences in
appendicular skeletal muscle mass
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Aim: Little is known about longitudinal changes of body composition measured by dual-energy X-ray absorpti-
ometry (DXA) in middle-aged and elderly individuals. We evaluated longitudinal changes of body composition, and
age and sex differences in appendicular skeletal muscle mass. ‘

Methods: Participants were 1454 community-dwelling Japanese men and women aged 40~79 years. Body compo-
sition at baseline and 6-year follow up was measured by DXA.

Results: Fat increased significantly in men of all ages, and in women aged in their 40s and 50s. Among men, arm
lean tissue mass (LTM) changed by 0.9%, -0.5%, —1.4% and -3.7%, respectively, for the 40s to the 70s, and
decreased significantly in the 60s and 70s. Leg LTM in men changed by -0.4%, -1.3%, -1.7% and -3.9%,
respectively, and decreased significantly from the SOs to the 70s. Compared with the preceding age groups, significant
differences were observed between the 60s and 70s in arm and leg LTM change in men. Among women, arm LTM
changed by 0.7%, 0.2%, 1.6% and —1.5%, respectively, which was significant in the 60s and 70s. Leg L'TM decreased
significantly in all age groups of women by -2.0%, -2.8%, —2.4% and ~3.9%, respectively. With respect to sex
ditferences, leg LTM loss rates were significantly higher in women than men at the 40s and 30s.

Conclusions: Longitudinal data suggest that arm and leg LTM decreased markedly in men in their 70s, and leg
LTM had already decreased in women in their 40s. Geriatr Gerontol Int 2014; 14: 354-361.

Keywords: aging, appendicular skeletal mass, body composition, longitudinal study.

Introduction disability.*® In advanced countries, where the elderly
population is rapidly growing, the prevention of sar-
Significant changes in body composition occur with copenia is important, and changes in appendicular skel-
aging, and these changes greaﬂy affect health and phys)_,- etal muscle mass with agmg need to be clarified to
cal function. Cross-sectional studies have suggested develop appropriate measures for sarcopenia.
that skeletal muscle mass decreases with age,"® and that Metter et al. reported that the relationship between
fat mass increases linearly or curvilinearly with age.*$ muscle quality and age is dependent on how muscle is
Sarcopenia, age-associated loss of skeletal muscle estimated, and on whether subjects are studied cross-
mass,%” is correlated with functional impairment and sectionally or Jongitudinally.'® Most studies dealing with

body composition changes with aging have been cross-
sectional, and their results might not reflect actual
changes with aging. There have been some longitudinal
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large-scale, population-based studies using DXA to
evaluate longitudinal changes of body composition
from middle age. In the present study, 6-year longitu-
dinal changes in body composition measured by DXA
were examined, and sex and age group differences in
appendicular skeletal muscle mass changes were evalu-
ated in middle-aged and elderly Japanese individuals.

Methods

Study sample

The data of the present study were collected as part
of the National Institute for Longevity Sciences-
Longitudinal Study of Aging (NILS-LSA). NILS-LSA is
a population-based, prospective cohort study of aging
and age-related diseases with follow up of the partici-
pants every 2 years. Participants in the NILS-LSA were
randomly-selected age- and sex-stratified individuals
selected from the pool of independent residents in the
NILS neighborhood, Obu City and Higashiura Town,
Aichi Prefecture, in central Japan. The age at the first
wave ranged from 40 to 79 years. Details of the NILS-
LSA have been given elsewhere.” A total of 2258 men
and women took the examination by DXA at the first
wave (from April 1998 to March 2000) of NILS-LSA.
Among them, a total of 1469 participants (748 men and
706 women) underwent the evaluation by DXA in the
fourth wave (from June 2004 to July 2006). We used the
data of the participants who attended both investiga-
tions. There were various reasons why the participants
could not be followed up; for example, transfer to
another area, drop out for personal reasons, or death.
Participants who used androgen and estrogen drugs
were excluded. The study protocol was approved by
the Committee of Ethics of Human Research of the
National Center for QGeriatrics and Gerontology.
Written informed consent was obtained from all
participants.

Anthropometric variables

Bodyweight was measured to the nearest 0.1 kg using
digital scales, height was measured to the nearest 0.1 cm
using a stadiometer, and body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?).

Body composition

Body composition, fat mass, lean tissue mass (LTM),
and bone mineral content (BMC) at baseline and 6-year
follow up were assessed by DXA (QDR~4500; Hologic,
Madison, OH, USA). LTM is equal to the fat-free mass
minus BMC. Arm and leg LTM compartments were
examined. Absolute change in each body composition
meastre was calculated as follow-up value minus base-
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line value. Percentage of change in each body compo-
sition measure was calculated as follows:

Percent change =
(absolute change value/baseline value) <100

Total physical activity

Participants responded to a self-administered question-
naire, and were interviewed according to an assessment
method for leisure time and on-the~job physical activity
within the last 12 months by trained interviewers.”
Each activity was classified into four categories accord-
ing to the intensity as determined by metabolic equiva-
lent scores by duration in minutes. The total physical
activity score was calculated by summing physical activ-
ity scores during leisure time, on the job, sleep and
residual time.

Prevalence of diseases and smoking staius

Prevalence of diseases (cerebrovascular disease, heart
disease and diabetes mellitus) and smoking status at
baseline were determined by a questionnaire.

Statistical analysis

Data were analyzed with the Statistical Analysis System
(sAS) release 9.13 (SAS Institute, Cary, NC, USA). Dif-
ferences between baseline and follow-up characteristics
were tested using paired ¢-tests. The y’-~test was carried
out to compare smoking status and disease prevalence
between men and women. The participants were ana-
lyzed by age decade groups (40s, 40-49 years; S0s,
50-59 years; 60s, 60-69 years; 70s, 70-79 years at base-
line). Changes in body composition over time in each
age group were tested using paired #-tests. Sex and age
group differences in arm and leg LTM were analyzed
using the general linear model (GLM). Another GLM,
with adjustment for confounding factors, the presence
of diseases (cerebrovascular disease, heart disease and
diabetes mellitus), smoking status and total physical
activity at baseline, was also evaluated. Values of
P < 0.05 were considered to show statistical significance.

Results

Mean ages at baseline were 57.2 £ 9.9 years in men and
56.2 * 9.9 years in women. The mean follow-up inter-
val was 6.3 % 0.3 years both in men and women. The
participants’ anthropometric variables, total physical
activity, smoking status and prevalence of diseases at
baseline are shown in Table 1.

Weight and height were significantly higher in men
than women, and there was no difference in BMI. Total
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Table 1 Baseline anthropometric variables, total physical activity, and
prevalence of smoking status and diseases

Men Women

Weight (kg) 63.4 * 8.4 53.6 = 7.5
Height (cim) 165.3 = 6.0%* 152.3 £ 35.5
BMI (kg/m?) 232 £ 2.5 23.1 %29
Total physical activity 705.3 + 93.5%% 736.5 * 68.8

(*10°*METS*min/y)
Smoking status (%)

Never 22.9%% 90.5

Past 41.0%% 2.6

Current 36.1%% 7.0
Prevalence of disease (%)

Cerebrovascular disease 2.0% 0.7

Heart disease 9.9 7.8

Diabetes mellitus 7.1% 3.1

Values for anthropometric variables and total physical activity are mean * standard
deviation. Differences between men and women were evaluated by #-test or x*-test.
Significantly different from women, **P < 0.01, *P < 0.05. METS, metabolic

equivalents.

physical activity was significantly greater in women than
in men. There were significant differences in smoking
status, and prevalence of cerebrovascular disease and
diabetes between men and women.

Table 2 shows changes in body composition by age
groups in men. A significant weight increase was
observed from the 40s to 60s age groups, but not for the
70s age group. There were significant increases in fat
for all age groups. A significant decrease in BMC was
observed in the 70s age group. Total L'TM increased in
the 40s and 50s age groups, and decreased in the 70s age
group. Arm LTM increased in the 40s age group, and
decreased in the 60s and 70s age groups. Leg LTM
decreased significantly from the 50s to the 70s age
group.

Table 3 shows changes in body composition by age
groups in women. Significant increases in weight in the
40s and 60s age groups, and in fat in the 40s and 50s age
groups were observed. There were significant decreases
in BMC in all age groups. Total LTM increased signifi-
cantly in the 60s age group. Arm LTM increased sig-
nificantly in the 60s age group and decreased in the 70s
age group. Leg LTM decreased significantly in all age
groups.

Figure 1 presents the percentage change of arm (a)
and leg (b) LTM in men. Percentage changes of arm
LTM were 0.9%, -0.5%, —1.4% and -3.7%, respec-
tively. Compared with the preceding age group, there
were significant differences between the 40s and 50s
age groups (P < 0.05), and between the 60s and 70s age
groups (P<0.01) in men. When adjusting for con-
founding factors, the significant difference between the
60s and 70s age groups continued, but that between the
40s and 50s age groups disappeared in men.
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Percentage changes of leg LTM in men were ~0.4%,
-1.3%, -1.7% and —-3.9%, respectively. Compared with
the preceding age group, there were significant differ-
ences between the 60s and the 70s age groups
(P < 0.01), and this did not change after adjustment for
confounding factors.

Figure 2 presents percentage change of arm (a) and
leg () LTM in women.

Percentage changes of arm LTM were 0.7%, 0.2%,
1.6% and —1.5%, respectively. Compared with the pre-
ceding age group, there was a significant difference
between the 60s and the 70s age groups (P <0.01) in
women, and this did not change after adjustment for
confounding factors.

Percentage changes of leg LTM in women were
-2.0%, —2.8%, —2.4% and -3.9%, respectively. There

~were no differences between the adjacent age groups in

womerl.

With respect to sex differences of arm LTM within
the same age groups, men in the 60s and 70s age groups
had a relatively greater percentage decrease change than
women (P < 0.01), and when adjusting for confounding
factors, the significant differences persisted. With
respect to sex differences of leg LTM within the same
age groups, women in the 40s and 50s age groups had a
significantly greater percentage decrease change than
men (P < 0.01), and after adjustment for the confound-
ing factors, the significance of these differences did not
change.

Discussion

The present study showed the 6-year longitudinal
changes in body composition measured by DXA in men
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Table2 Changes in body composition by age group during the 6-year follow-up period in men
Age Baseline (kg) Change (kg) P-value Percent
group change (%)
Weight 40s 66.8 + 8.5 1.9+ 3.4 <0.0001 2.7
50s 64.4 7.7 1.5+ 3.2 <0.0001 2.4
60s 61.5+78 1.5 £3.7 <0.0001 2.6
70s 58.7 7.7 04 +32 0.15 0.6
Fat 40s 141 = 4.2 1.1 +£2.2 <0.0001 8.4
50s 13.4 3.8 1.2 £2.2 <0.0001 10.4
60s 13.5 = 3.8 1.3+ 2.4 <0.0001 11.4
70s 13.0 £ 3.7 1.0 = 2.1 <0.0001 8.3
BMC 40s 2.37 +0.29 ~0.01 £ 0.06 0.09 -0.3
50s 2.31 x0.30 -0.01 = 0.06 0.07 -0.4
60s 2.18 = 0.30 -0.01 = 0.07 0.05 0.5
70s 2.08 = 0.26 ~0.04 = 0.08 <0.0001 -1.9
LTM 40s 504 + 5.4 0.8 1.6 <0.0001 1.6
50s 48.6 + 4.8 0316 0.002 0.7
60s 458 = 4.7 02+18 0.08 0.5
70s 435+ 438 ~0.5*+1.8 0.003 -1.3
Arm LTM 40s 5.97 £0.75 0.05 = 0.34 0.03 0.9
50s 5.73 = 0.69 ~0.04 = 0.31 0.08 -0.5
60s 5.35 = 0.67 ~0.08 = 0.29 0.0002 -1.4
70s 5.01 £ 0.67 -0.18 = 0.30 <0.0001 -3.7
Leg LTM 40s 15.89 = 1.97 ~-0.05 = 0.74 0.32 -0.4
50s 15.08 + 1.82 -0.21 £ 0.79 <0.0001 -1.3
60s 14.14 = 1.69 ~-0.25 = 0.89 <0.0001 -1.7
70s 13.45 + 1.81 ~0.52 = 0.73 <0.0001 -3.9
n =204 in age group 40s, n= 234 in age group 50s, n=196 in age group 60s, n = 114 in age group 70s. Values of baseline and

change are mean * standard deviation). Significant changes from baseline were evaluated by paired &test. BMC, bone mineral

content; LTV, lean tissue mass.

and women aged 40-79 years. Weight and fat mass
increased or did not change in both men and women in
all age groups. Among men, marked decreases in both
arm and leg LTM were found in the 70s age group.
Among women, leg LTM decreased significantly in all
age groups. The rates of loss in arm L'TM were larger in
men than in women in the 60s and 70s, the elderly age
groups. In contrast, the rate of loss in leg LTM was
larger in women than in men in the 40s and SO0s, the
early stage, middle-aged groups.

Previous cross-sectional studies suggested that
appendicular skeletal muscle mass decreases with age in
both sexes.'*?* However, these cross-sectional studies
show indirect evidence of age-related changes.” There
have been several longitudinal studies of body compo-
sition measured by DXA. Gallagher et al. reported that
there were significant decreases in leg skeletal muscle
mass, and tendencies for a loss of arm skeletal muscle
mass in healthy men and women aged over 60 years
during an average 4.7-year follow up." Visser etal
showed that, over a 2-year period, appendicular skeletal
muscle mass decreased —0.8% in men, but not in
women aged 70-79 years, and leg lean soft tissue mass
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decreased significantly in both sexes.* Zamboni et al.
found that significant losses of leg skeletal muscle were
observed in stable-weight, elderly (68-78 years) men
and women over a 2-year period."® However, in most of
these studies, the participants were aged over 60 years.
In the present study, we showed the changes in body
composition in participants of a wide age range, 40-79
years. In the 60s and 70s age groups, except for the arm
LTM in the 60s age group in women, there were sig-
nificant decreases of arm and leg LTM in men and
women. Already in the 40s and 50s age group, there
were significant decreases in leg LTM in women.
With respect to sex differences, previous cross-
sectional® and longitudinal studies**'* reported that
the rates of decrease in appendicular lean mass were
greater for men than for women. The present study
showed that the rates of loss in arm LTM were greater
in men than in women in the 60s and 70s age groups.
However, the rate of loss in leg LTM was greater in
women than in men in the 40s and 50s age groups, and
no significant sex difference was found in the 60s and
70s age groups. Previous longitudinal studies evaluated
the differences using absolute change,'"'* whereas the
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Table 3 Changes in body composition by age group during the 6-year follow-up period in women
Age Baseline (kg) Change (kg) P-value Percent
group change (%)
Weight 40s 548+79 1.2+3.9 <0.0001 2.1
50s 54469 03 +3.0 0.19 0.5
60s 533+7.1 0.5 2.8 0.02 0.9
70s 499 7.8 -0.2x3.1 0.60 -0.4
Fat 40s 165+ 4.6 1.2+2.6 <0.0001 8.0
50s 172 + 4.4 05 +23 0.001 3.6
60s 17.7 = 4.5 03%2.0 0.06 2.1
70s 162 =47 0.02 2.3 0.95 0.5
BMC 40s 1.98 = 0.25 -0.11 = 0.13 <0.0001 -5.6
50s 1.77 £ 0.26 -0.13 = 0.10 <0.0001 -3.7
60s 1.54 £0.23 -0.06 = 0.06 <0.0001 -3.7
70s 1.36 £ 0.23 -0.06 = 0.06 <0.0001 4.4
LT™M 40s 363 4.2 01x1.8 0.24 0.3
S0s 35534 -01x13 0.18 -0.3
60s 34.0 + 3.5 0.2x1.2 0.008 0.7
70s 32438 -0.1x1.2 0.34 -0.4
Arm LTM 40s 3.56 x 0.54 0.02 = 0.28 0.22 0.7
50s 3.53 + 0.44 0.003 = 0.22 0.85 0.2
60s 3.43 + 045 0.05 = 0.23 0.003 1.6
70s 3.24 + 0.47 -0.05 = 0.20 0.02 -1.5
Leg LTM 40s 11.19 = 1.64 -0.22 = 0.63 <0.0001 -2.0
50s 10.88 + 1.34 -0.31 = 0.57 <0.0001 -2.8
60s 10.42 = 1.33 -0.25 = 0.48 <0.0001 -2.4
70s 9.91 £ 1.36 -0.39 = 0.51 <0.0001 -3.9

n=216 in age group 40, n=218 in age group 50, n= 177 in age group 60, n=95 in age group 70. Values of baseline and
change are mean = SD (standard deviation). Significant changes from baseline were evaluated by paired t-test. BMC, bone

mineral content; LTM, lean tissue mass.

present study used a relative index, the percent change.
In the present study, comparisons using the absolute
change in mass were also made, but the results for the
sex differences showed almost the same tendency (data
not shown). As there were many differences among the
studies in the participants’ characteristics, race, lifestyle
and study design, further examination is required to
clarify these differences.

The present study showed that there were significant
decreases in leg L'TM, but not in arm LTM, among
women in the 40s to 60s age groups. Lynch etal
reported that, with increasing age, leg muscle quality
declined ~20% more than arm muscle quality in
women.? Based on these results, changes in muscle
mass or function might differ between arms and leg
muscles in women; decreases were apparent in the leg
muscles. Leg muscle mass is closely associated with
_ functional performance™?® and, in general, women have
significantly less skeletal muscle mass than men.!?®
There were several reports that frailty was higher in
women than men in the elderly.?**” Therefore, it might
be especially important for women to prevent the
decrease of leg LTM from middle age. Some studies
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have suggested the relationship between menopause
and loss of muscle mass,”* and that estrone predicted
loss of appendicular muscle mass.*® The early onset of
leg LTM decrease of women in the present study might
be associated with the menopausal transition.

For evaluating sarcopenia, skeletal muscle mass index
(SMI), obtained by dividing appendicular skeletal
muscle mass by height squared, is often used.® Appen-
dicular skeletal muscle mass was measured as the sum
of the L'TM for arms and legs. In the present study, both
arm and leg L'TM significantly decreased at the same
time in the 70s age group in men. In contrast, in
women, the time of L TM decrease differs in arms and
legs. Therefore, in order to evaluate the decrease of
muscle mass in women more clearly, it might be better
to use leg LTM alone. Further detailed analyses of LTM
in women would be necessary in future studies.

Regarding fat mass change, Hughes et al. reported
that fat mass increased in the elderly, but the increase
in women was attenuated with advancing age.” Other
studies showed that fat mass increased significantly in
elderly men and decreased non-significantly in elderly
women."""* As in these previous studies, the present

© 2013 Japan Geriatrics Society



Longitudinal changes in skeletal muscle mass

@ 40s 50s 60s 70s  (Age group)
2 -

et

@

€

=

=

= o

€

©

%5 -1

S

c -2

[}

£

[&]

T -3

@

[$]

[

@

o -4 |
-5 L k%
(b) 40s 50s 60s 70s (Age group)
]

|-

@

£

[

= -

=

-

8 -2

[

o

®

2

s 2

ol

[&]

pr)

5

o -4

& ]
_5 -

3k

Figure 1 Percentage change of (a) arm and (b) leg lean
tissue mass (LTM) during the 6-year follow-up period by
age group in men. Values are mean * standard error of the
mean. **P <0.01, compared with the preceding age group
adjusting for confounding factors.

study showed that fat mass increased in all age groups in
men and that, in women, it increased in the 40s and 50s,
but it did not change thereafter.

The strengths of the present study are the large age-
and sex-stratified sample size, the wide range of ages
and the 6-year follow-up period. This is the first study
to report the longitudinal changes of body composition,
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Figure 2 Percentage change of (a) arm and (b) leg lean
tissue mass (LTM) during the 6-year follow-up period by
age group in women. Values are mean * standard error of
the mean. *#¥P < 0.01, compared with the preceding age
group adjusting for confounding factors.

measured by DXA in 40- to 79-year-old Japanese sub-
jects. With respect to race, so far, no longitudinal study
of Asians has been reported, and there has not been
sufficient research on racial differences. It will be nec-
essary to clarify racial differences and consider various
environmental factors in future studies.

Although loss of muscle mass is associated with
decline in strength® and disability,® there were reports
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