ERCEERER

REDI AT A /E SEH|

DemeCare
F AT P

e W 35 B O 22 7 B R

Ver.001 20244118k

Baf2 | —muE@EA BRELHEEZS






BERNESFMCDHO ’
ETHIHIC@IFT

R DMETICEDEBRICEFZRAEBE LT 2025F (K700 Al
EITBHEFRINTEY . SNUIE65EUEDMSANITIADSRIEZ BST &%
BRLE T 2012F R COHFTERERIN462A AT L M T0ER T1.515
ICIBMTERAHTT . TSI BERHESE(MC) ZEH5E . ZETS
BHMEDOBIIEISITEAZEEZISNTVET . BEEFBEDOERICEINIE,
MClZE T 5EEmEDBITERINERERICTH T HAI8EENHHEENT
WE9,

LOAL BEEHOB ELEFBEOWREICKY (RAHEEETOIH D
., 2040FIC802BAIGET 5L LTV BEDHETE Y E . SEIDHEFHEIX
BLGB2TVET . NI EHBEPREBREDOLRED BAKEDETZ
CEBBERTHSHTLZTBLTVET,

IS BRESRHESE (MC) OETIHICRILTIE. E2S VBB G EDREMIG
DINRATH B EDHRED 7 AU APAF ) ADHEEEOSRERENTL
T REVRTAVORBICEEITBHEXZB6.B12. ERR L P REY
AT VIREDE T 28 L R Z RE T Salaeib by  MCAADETTZ
MHTEELLENAFRELTCEETNTVET,

CDESIBERZBEEZA . FLBEELSER. BERTMAAZRNRE LIEBRKRHAERZ
EHTEVDE Y RINEEDETZ T - THHDEMERET T
A— 7% BFERILICEDVTREEL . RIEDQOLA LICHE 5T 5 L%
BfELTWET,

BlEE BROCHHETIEEEBYETESBAVELEIFET,

—HEEABRELFIHEZS
BEE AN (T8 crazErsesg)



01. BRESEM (MCI) DES ]:m%U‘Lr‘]Lj-T ........................................................ *2
D12, Bl orvveeesseissenmioussssnsnies oS S SO . o oes oS S ST 1
03. nlh\ﬂ];"‘/\g)l_ji-j&m]%u ........................................................................................ 2
04. ') 3—R3% (Bredesen Protocol) & U'3EFood for the BrainfARI TORARIRFRARZER -
05. IREVRATA D [T TR GREETR o veveererrerer oottt et 6
06. T\%DZ?’(‘/@E(HCW ................................................................................... 7
07. AFIALZEFEL LD PRt RN SR .............................c000 0.0 ol 8
08. AFIUEDEETHREVATAVIREN LR T HELEDLSBRIENBES ! 7-ovveee: 10
09. FAY P BhBHEE oo vussmsedinssdBBL L 12
10. 57X P DR VEF I C R BRI -+~ ssaze-axitacacac SN ... 14
11. t%ﬁﬂ(u;twmfuﬁg}gﬁl_l&) .................................................................... 16
12. 28R (A XA IEREEE (EPAEDHA) [TDUNT) wooverrererevriemsmnenentienensininceciens. 18
13. 2EER(IIT VeV UHNMERF (BBB) IC 5 X SR ELXN=XL) 20
14. REVRTA Y ERMEERNAIV VTR RTF—RXY KN (FIER) e 22
15. Homocysteine and Dementia: An International Consensus Statement (JR32) -+

BRI TOPRURGEICHEORLET,
info@nodaseiyaku.com



SRFNFENDEIT 2 HNH)

BRICHITIRMEEEREZTDFHBEOBICOVT. BRFDOMETICKEE2025F ICIEARE
HNDSRHEBEHDK700FANICETERAHFTT, INIF5HULDFEEDKISAITTAD
RHEERESCEABRLE T RAERERIT201 2FERBFATHI62AANEHEINTE Y. KN
T0OFEMTI.5BICBMT S FRITT,

(FREIEra> &) (Statistics Japan), https://info.ninchisho.net/dem_prevent

2025F DEHMAEERE T, 2012FDFI1.5FIIBIMT 5 RiAH»

EEHEHEIZ2015F 18 [RAERRHEERSHBE~RIESHBEFIcPTLOMIE DI
BT C~EAL VI TSY) 12 HRLE LT, COEBROHRTIE RAEE BOADEN 20255
37005 NZBASEDHFHMENRREINTVE T, INIF 65RULDFIHEDOE SAICTAN
RAVEICEB T BAELELTVET,

RAEREE DHIF2012F DR R TL2EICKH462AANEHFA TN TSI KI0ETISEBICHIBR
BRBELTY,

S 7 %(2025) [TI365m A L DRI B EHH ¥I70075 AlTHENN

(FA) (%)
1,400 40
34.3
1,200 —35
27.8 / F {30
r/ —
425
=125.3 |
21.8 420
11154 |
15.7 | 953 1,016 15
| : 830 I |
400 631 |?3° I BD;;! 797 850 | {10
523 g0 675 744
462 517
200 [— .
0
Rk24 27 72 (#F)

i 32 37 42 52 62
(2012) (2015) (2020) (2025) (2030) (2040) (2050) (2060)

[ SFmoRMEEREEN—E0Rs (AR [ SFHOREERES ERT38S (A
—— ZFHORAFEREN—EDRS () —— EFHORAETREN FRT35S (38)

HFT BEFEE A4 LI 757 %8R | TBRICESS 25FEDBEE ADIRHEETH BT ST



revarrassEn |DameCare,

FiREICEAL I BERMESE MC) ZEELESICELDOERENZIETEHLEEINTVET,
EEFBEDOEHICINIE MCADSEIELIIBAERELICILHM T H2REICHLAEEDH
D RHONISHAEELENTVET (BUFRETORERO),

INSDT—RIF BIEICKH TS FHRPERARREOEEMZRFALTH)  MFHHRILHAET
DZEEFDBRAKDBENTNET,

EXHEHEOMERIT. 2EHLS4DDBREEZHMELTEMGELNSHULDBHEICDNT
RIHEDOEZM ATV ZTNZTNOEBEKOERENSHRODLEDRIED ADE ZHETLE
L,

FNICKYETE RAEDES R EIZVWRE. 2025F(CIE471 56000 G5 VEHEI 2 Z70D
AR5 EICHEB20405F (%584 72000 A ICDIFAHEHALTVET,

2040FICIEBIMEDL LZ15%. 6.7 AICT ADRAELHFTEINE T,

FIEI9OFEAIDFAE Tl 2040 FICRIVEDADB802AANICDIEBEHFALTVELH . SEID
A ENTNEVEELGESILICDV TR UTOERNRENTVET,

VERBEROUEPLPVREREFMDOEAGEICIOTHRMERDETHIH SN
AL DB RO CMENZ ERMERERDE T ZM LT B EHBAENDETZ
MEIT2DICEETHS,

GHE.SEORFRETRMENGEDEREHZLDOD EEICEELN G RIMELZHEINSE
TICIIRESTHWIEERMEE I DADRKRDOHES ZHHTREL.20405F(TIF612758000A
DIFZHELTNET,

MRERMEE IO RAEICBITTACEAZV—ATEERREIREDK
EICEHODTERDEFTAE—FEMFITES S HBENSTETT,



I)3—F7% (Bredesen Protocol) 2T
R[EFood for the BrainBfH T AR 1EER ARz 5%

I)3— K& (Bredesen Protocol) ®&EE®DFood for the BrainBfHIc kB TEBPERZZ
BEf IDREICKBREVATA/MEDEFEILICEATBEERMBICOVTIE.ThETWLLD
DPOBEGBRIRETNTVET UTIC.ChSDAEPHEICES77O0-FDES
LERRAERICDOVWTHRALE T,

1. )3—Fix (Bredesen Protocol) ICHIFBHREVATAVELE

DO—RZEIEEIZTIVYINAR =R PORANEEET AT - NETHIEZBENELTRENET
TO—F CI . REBEE RIVEVARB. EERE. SATRAZAMIVDOREZ B L TAHREZTVET,
REVATAVEOBRBIZ.COTOYVSLOEELREEZD—DOTY,

OREVATAVEDER: )V I—FETIEREVATAVEZ6 umol/LILTFICHRE TS
EZBELTVET . COBEIEREVATAVDRPIEICEZ DX A=V Zm/NRIC
MABLHDEDTY,

OREHBIA: ) I — FATIE. EX2ZVB6.B12,.EEE (5-MTHFEY) | S KUMID R ER%H
HEDRCREVATAMEZRELET . INSDREBRIIREVATAVEXATFFZY
ICBAFIE T BRIGICHDETH REVAT A /MEDETITERTY,

ORI ) - FED—BZSCMBETIRH . BEHEZIVZEREITEHILICKIREVR
TAVEDN B D CBEDKRED T 6~10Uumol/LETCORENEREINTVET
IS B2 EBERZICKEIBREVATAVIEZRET SHTHDHEELTHRHTT,

2. H[EFood for the BrainBfBIc KB R EVRATIVER
Food for the BrainBfHlid. RE L UHERE DRI EM Z @ AL FICREVATA VEDERELEEL

SHEICEDVTVET,

Q@ KREVATAVEDEIE: Food for the BrainBfH+& 1) O— FEEBEER. 6~7 umol/LLLF
DREVATAV/EZBIZEELTVET,

O 2 VBEICKSaE MEIX. EX2IVB6.BI2.EBO/BRLSREVAT AV MED
FRHICENTHAELTVE I FICEHEICHLTUI.INSDRERDRZHNREVA
TAVDLERERMEREDETICOEAS O BEHNICEZIVBEDOT T AT M aH
LZLTVET,

@ ERFRAE: WK DD DR PR T EZZVBEA BRI AIET REVRTA
ENT0~15umol/LHS. 7~8Umol/LETIETIATENRENTVET . £ .Th
ICKRRENBEREDMREIND A REED DD ETNTVET,



reearrasEn |DemeCame,

3. BEMRER

ERPERIVBEAREVATAVEDEERICHEETHEVSIET VAR ELUTOLSKE
MEERNBEENTVET,

@ VITACOGHER: HEA VI AT+ — NAZETREINIVITACOGEHER | Tl S350 81K
TOURIHSHBEEHE,200 A5 L. B8 (800 ug)  EZIB12(500ug) . BRIV
B6(20mg) DY TUAV M E2EMKE LTcETA KREVATA/EHNZELETLKD
EEHBDLIEEREINTVET,

@ BERER: COFBRTIETREVATAVEDETHIHZRAI0% IETHERIN. FIcER
SUBBDYTIUAVID BN THAIEDNTENE Lo REVRATAVEDOHRELLD
I ERANEREDE T HELE T HERARoNnE L1,

EBPEAIVBEOREICL ST REVATAVER ERHENICHE T 2BERBREIEHMLTR
FTY BT ) O—RZEPFood for the Brain M HIOV R T AR5 EXZ/B6.B12. EEE D #H M
BOEICEV REVRTAVENEEICET L. RANEEONEPHDOBRREIFICTS T2TEN

REINTVET ZLDBEFRAEBE T REVRT A MEDORERTHREABEEE D E LD EHB DI
FIERAELTWVWAID EBPE 2SI VBEDHTRIIFICEREICLDTERGNALBIEET,
IVITACOGHE BRI Ic kD& ERE (800 ug) . EZZB12(500ug) . EZZB6(20mg) DH 1) A
FE2EMBESLIEER REVRATAVENBEICETLIZEREINTOVETH. EENLGEE
ELTE REVARTA/MEDFIHATHIBZ0%DETHHEREINE L.

Sl E

OREVATAVEDETER: FHTHIO%DETHHY. . KREVATA VELED DI
FBED—ETIE 12~13 umol/LOMEHLKI umol/LILFICETHELIFERETNT
WET,

ONEER: REVATAVENKEEBTLLEMEDT IV—TTIE T RBELHEL
THHERDREDHKZ0%EL GO EBHREINTVET,

CDRRIFREVATAVEZETERDIENRAEBEDHEFFLPIHDERICESOTERTH BT
EETRBLTVE T HICREVATAVENEVERE ICH LT . E2I VBB LEROMIGIIE
BLRFHRELTHEEINZIEREGOTVET,



REVATA NMEDWEICHNZRER

)IA—RERUAYIRT+— RAFEOHETIE. ELIVB6.ERI VB2 B/ 4 X443

ERFEE D SRFEMHICEMTHEELTVET . ZLDBXTERZIVBIDHKBHE
MTH3B-NMNDIREICEBNAD + DN TRHMEDIE ICEEDNRTETNATVET,
INSDERZVBEIEEFRZICHALTHEDREEHETT, REZVATAVEBRDR:
2010FICA VIR TA— R RETITON-HARETIE. E2ZVB6.B12. EBAZERT ST
LT . BRMEORMEBDETEMH TERILLHTEINELL,

REVRATFAERIIER: 2010FICA Y IR TA— RRETITDONEHETIE. E2Z2B6.B12,
ERAEEINTAIEC.OMEDOMHREMBOETZINHI CEBIELNREINT,

1.E2XB6, B12, EHDIENME (1HE)

KREFRH — R IEHERR B SO PSR (B BERLSE
E5=VB6 1.3~2.0me 20me égagg;;
Py=UB12 D.4ug 500ug ;E?‘ﬁgsﬁgﬂgg;g

BINSDRERZRMDSDIHMENMTBHELISUTDENBVELD T YT TOERHIERNTY,

RER RAERRICHBELE EmREE(H)
E45=>B6 20mg/H INFF 5,400g
E¥=rB12 500ug/H SO0 8301&
7 800ug/H FI3NAE 5K

2. B-NMN(E%ZB3DRHEN) . REVRATA U/ RBOfSHD T RIVF—{H1iG

REVATAVRBITIE EZZIVB6.B12. M (5-MTHF) B EE L& 9 H IS DB
BREIXIVF—2HEITZTOCATHY BR2ADRHMELNEERLLEVE T NAD+ZE
MELBEITRINVF—HEDRETBDHD REVATAVRBZICUTORBT IO LR
DRI IHEITLE T,

AFFZVBAFIVLER:

REVRTAVDATFF ZVICBAFIVIEENZBRETR EEYAVIVABEELET, Bk
FA7IVTORIG(AFL TS FOEBRONS-MTHRCEBREN21612) TRV F—Z0E
EL.CDRIEZEY R—bI2SHICHREADABHNEEEENTVEIEHEETT,

VAR FFAZVER (PSS VARIVTIL—a V4E88)
E2ZVBOMKEDRETC.REVATA VD VARZFAZVICEREIND TOCLAE IRV
F—HNRET.ZOT7AOCLANBEYICHETISBICITMBEOIRIVF—INT VAL ESTWNS
TENEETY,



I e B eme ®are

IREVRATA 2V (Hey)iR&E

REVRTAVEREMEWEDMEYRTPZER) AT BHERIE. 2 2. sadlEEE THMET
LETREVATA VI N00U EDERB I FITHEHREELCHBEEDNAFI—H—TT,

BI2ORINDBWIcHICKREVATAVARERLIARENDY . E2IVBEDODLERTHS
AFIEZRELE T ATFIVEDRBISHEBRICEBZ S X BAREDRRE R I H—D
RRDIEFETT., AFIVEHPELEODNEEREVATA VR ERL E2I VBB FICERZIY
B6.B1I2. EMDMEMNTEFEHILZRLTVET,

TTumol/LEBASE MODERHOIMELET .6 umol/LUUTHARECY, E2ZVBEDELRE
D10 umol/LEBZBIBEIE. EXIVBEDOMKEHELE T,

REVATAVEERER NBRPOREVATAVEWSITI/BOREZAEISZRETI. REY
ATAVIBAFFZVEWSHDT7 I/ BOMFATRBEINZBETERNTNET . BE . EX2ZY
B6.B12. BLXUEBLGEDEZIVICL>TREVRATAVRAMENScH . MHADKREVATA
ViREIRERENTOET,

FEVATAVREDBMN:
1. 0MERBDIVRAIFHM: SREVATAVMER OBBPRERDOI AV ZBINEE
BTENHONTVE T REVATAVREL BV E BIREE( (777 0 — LB AREE
) DIRIHBEVET,
2. REBEREDOFM: E2I2VB6.BI2LBIUERDRZDHEIEREVRATAVIREN L
RIBIHD. INSDERIVDRZZHERT HHDITEREINE T,
3.REDEGCHERDEH: REVATAVORBMICASITLI2EERDODEE (Hl: REVX
FURERGE) ZZ W I AHITERINSTEEHIET,
BREL&E:
REVRATAVREIZBRE . #ROSRMLTITONE I RIENTIRY > T IVIESRT
PRENREVRATAVDRBENAESNE T REICIIEERIEY > TIVHARETT,
125 DM BE. DEVEBNY PRSI ERE GO DT —FICT AP ZEERBLTILEL,

IEE{EE R E(E:
OEELGREVATAVEREIF—MBMICS~15A470FIL/JY MIVTT,
O EENISRA7ATIN/I)Y M ZBASE BREVATAVMELEN ODOERED
JAIDBEDAEELHIET,
¥ iR
BREVATAVHIENRDONTEHBE. BEPY TUAY I TCEZIVB6.B12.BLT
EBOEBRNZEBOIIENHERINDGZEELNHIET,



AFIVE=ERELEL LS

REVATAVORBMICEIZRIVEDREPHADH . ZNICHERNOBEELNEZE
ELTRES - HIHIZGE ERFHICEAETFIEELGRIED—DIIAFIVLIHBY
9, INEIDNAREZYNVE BBE. ZDMDIFICTAFIVE (-CH;) 1249370
CTAT . CORIGIZHAROEEGHRECEGFOHE BESEALGE TETEEHEEN
7OERICERSEDYET,

*FIVEDEE
IAFIVENEREIDEKTRIDHDSBDNEBAEFERERT AFIVEIZZDAFIVEDBD D F
ICMENDRIGTT A FIVEICIZUTOLSEADHYET !

1. DNAXFIUE: DNAICAFILENIIIEN BGCFORRZRAH LE I,

2. ZBVINGEAFIVE: 2V N VBITAFIVERNMIMEN. ZDHELEHEZELEILET,

3. REVRATAVDAFIVE: AFIVEEFOTREVAT AV ZBEGMEICERTS
RIETY,

AFIVEDHRITIZ EATHICEELGRINEZRLIS-TT/VIVAFAZ (SAMe) |
EVSEDNBEELET SAMe3 A FIVEZRMIZEELWMET. TETETLHAFIVE
RISZITVWET,

AFIVIEDEEZIZE

1. BIEFOHIEH (DNAAFIVE)

AFIVEIZ . DNADKEDZBRICAFIVEZMITMASIETOBEFDOIA Y IPIF T ]
ZVEZASBEELE T NICKY FEDEGFORBEN MG SN fBESN Y
LET.ARIE.DAMIITIE BEEDNAXFIVEICE > THAIFHIEERF (p5S3EETF
ZE)DFIMAOA T NUHE Y DADETHBRENSIENDIET,

2. REVATA VDR
AFIVEIR . TZ/BED—RTCHEIREVATAVZEAFAZVEVWDT I/ BICEHRTS
EDICBLEDNE T ORI AR TERGTRESATAVZBRSLLDIEYAY %
BRTDHICEETI . E2IVB6BI2.ERIICOTOCRICHET A FILLEY
R—hLET,



LIt B eme ®are

3. R EEMEDOEM

AFIEE O Z VP R = /RE Y B EOHBMRENEDEMICEEDoTVE T, Thic
SV AFIVEDBENCITON TN BT ET MOBEPRIEOREAERICITONBTE
B ENE T,

4. BEEIRIVE—ERM

AFIMEE AR TOBETOCAPIXIVF—ERICHEELRREZRLLE T AR
THEGMENAFIVEICE O TEZSLEIN FFHENZTEHLZ VT,

AFIVLERERZDHER

AFIVERISHERICHEET 31 HI0IE BEORBENBEIBYET, HIZUTOLRIY
PREZEAFILEY K~ TZOTEETT:

OLEASUBI2IREVRATAVEAF A ZVIICERTEBICHRETT,
@ ERL (5-MTHF) : X F IV E AR T B HICEETT,
OLRZIUB6 A FIVLH AT IV ERBICEDDTDICRETT,

*FIVEDENBELESES?

AFINEBELLITONBEOE UTOLS G REMEHNRELET !
OV EEE T RHEEE A F VLR TR E R EVRTAVBED B Y. B
RBICAA—IEBEZET,
OH A BELDNAAFILEICE ST BADI R EMLET,
ODMERER SR EVATAVIANIADMERED IRV EEHET,

FLo

AFIUAEid DNADSI ., BIEEEMBEDER. REVRTA Y OB RS- HIHGLE,
ZCOEREDICHSTEIEELRISTT. C2IVBE (FITB12, B6, BE) HLDFE
ERAF IR EOMBEEERICREEET. AF VLA ERICTbnENE, B
ERERAGREMEIRELET,



10

AFIEDEETREVATAViRED LR TSE
EDEHHRTEDHES!?

AFIVEDREBR . TEEELRRMEZS I ERILET, A FIVLIZ ECFORERAE.
DNABE.EXDRE. REVATAVDERLGESNDEELGEERREICEASLTWSL
D EEDNECHESHTEICKEN BT,

1.REVATAVDER
OFREVATAVEDBIR: D -ME: A FIVEHAERICHELGWVWE REYAT A VHE
PNEAFF ZVICBEBREINT MRREVATAVEENLERLET, ®KREVATA
> IMYEISBIAREE( L DEER MEREED IRV Z2ZHET,
O HMBEEDET: REVATAVERENSLSLE MNEICKEZEZ FRMELTIVY
INAR—=FRDIRTZEMELET,
2. BIEFREDORE
OHA: A FIVLIXBEDEGF ZIH L ITF LT HREZRCLETH EELGAF
IMEDHET D EPS3DA MBI FORFERA L. DAL ZRET 2ERF (F3V—
V) DEMAEDFIERTEN EBEADIRINELET,
ORGEHEEDET: A FIVLEEICKI  RERDHENTETICHEY, BEREFRRPIEGE
RIEDVRAIDEEVET,
3. Rk R
@527 A FIVLIE A DHRIENE (LAY F=/NZ /IWITERTUVIEE)
DERICHEELTVE T, XFIVEDBYICITONGWVE INSDERLENEDN
TYVABBN D DB PALEEDNRIELLP I LHIET,
OFHZEE (AEANIISLESE): AFIVEEEDNMDORZICKEEEZZEEEND
D BBEANRI M LEEEDEELNHEEINTVET,
4.fRSREEDET
OFFRDREREDET: X FILLIZ FARDERPEESMEDORERBICESLTVET,
AFIVEDAR T DR EBRDHHIF) AERICTESWEH EE LB MR B HEERE
EDVRIDNEEVET,
5. &1t
OIEThBMREL: X FILIELRBIZ. DNABBEBELTOXTOHFICOLREZSX
Y. INlcKY MREOEDMEEN., KB PREEDECDETLLIRIET,
6. HERDRE
OHEFEMHEE: HEPICEERPBI2GEEDAFIVHEALRRET 5L RBOHEED
BYICHELS TR EREES (fl: Z28H) AREITIVRILEEVET,
71819 5 T (& E¥

O FIVMERBRER IR F—ELEICEREEZSZA BENGIXIVF—FBPEF R BR
ROFRAEGBZENBIET,



reearrasEn | DemeCanme,

TEH

AFIVEDRER REVATAVDE MO SH A HEREHEER. REREERT.ELD
RELT.ZBRICOSERAEZ | ERITAHRELSBIVET, AFIVELHERICHEEE
THEOHITIT EBE. EX2IVBI2.E2ZIVB6LGEDRERNEECTHY. . TNHDEY &
BRHDMERERFICRAIRTT,

REVRATAVKEER
(AFFZDRBHEI VAT AVHDEREINDETLAEI NETEA)
0
NHl—tlzﬂ-clz—on
Mz arp
O._OH CHz

o S  ADP+Pi ||
o} CHy  NH;—CH-C—OH
OH/\H\OH o ,dﬂ OH Met CHy NH,
NH; Ser H HN o CHz Nf\u
o, S J

o N g
Ann° THE
H’CJJ\O.I%“NHa H H o oH |EB,, o]
! O,_OH ;-‘:‘
g X o I8

o OH OH
“N

SAM
i, i — RCH, <
1.'3' N J MTHFR NHgi il i %%
M"l, ] 2
CH;
CH,THF CH,THF N = 8
Hey Y o
) " I
Q Adenosine NH,-—CH-C-—OH
OH OH VB NH, c:H, NH,
NH,

e
o
> 3.
OH
f J\l/\lé’ +NH,* :
SH

NHz

o

0" OH
Cys

REVATAVDRBEAFFZVICEBAFIVIEEND (VA FIVILER) . KEVATAVDREHRD 28
WKIWW—=T4 T ENBDNS VATV T =23 VBB EBVET,

Cys-YATAV Gly- 7)Y Hey-REVATA YV HIL-KREVATAVFASI MY SAH-S- 77/ 2/ Jb-L-
KREVATAVSAM-S-7 T/ )V-L-AFAZ THF-T b S FOER, CH2THF-AFL TS FOE
B CH3THF-AF /L7 F S FOERB. Met-XFA = Ser-) >, a-KB-a-7 MEEEMTHFR-XFL > 7k
SEROEBLAIVZ2—C CRS-VRRAFAZY B VA—H CSE-VRAZFAZ > y )7 —E SAHH-S-7
T/ VIVKREVATA VKD RER

Nutr Metab (Lond).Published online 2017 Dec 22. doi: 10.1186/512986-017-0233-z &KY3|F,

11



12

R - AR

fERREFQ
REY AT A AED
R CENAEDRR

{ERERF@

E5=VBED
B5ICELD
WEVRATA VED
IER(t

DemeCare

TFART P

=p =B
) Eya = 2024 F 11 BAR >

% : B-NMN (125mg) . ¥#3C(50mg) . ¥¥3I¥B2(3mg) . ¥¥3IVB6(20mg).
¥#3IVB12(500ug) . ¥ (5-MTHF A -800ug) . 7 F AN ¥ (75mg) . A7 7 v #Ca
(5mg)o 177NV DNEFEF280mg

MR RO R QB EYE - MW TV AD) (BEE340mg)

REVATA VM (Hey) DIEF AL,

RAERERE ERHAREBRZE DL IR EY AT A Vil (Hey) 110 ETH Y. 60T T
IS DERPFEAE LWV EDPEBENZLHICE > TRENTW S, KFIDOHEYE T
Hey DK T 2SHifF T & %,

LTHIAL, BRICHAK E 723K TIRHS 5 o
REIOMRHTHHEIE 2 CRROBMT S v 72, MREFED BAEL 2V,

[f] ICRGENTw5,

RANHHL TV LETORFICBNTEEREDPHETL SN TV,

ME SN TV RV,

o s I YHIREA & OMEEHICO VT, IhE THEIZEAEL TVWiRny,
F72. HHOFHMREHICOWT, MOREDFEA LR\,

REVATAV(Hey) 1. 10000 Lo B BT R e M oM F~v—h—&
LTHHENTVE REYATA VREIZMEFDRELATALEVIT I BO G
FHETAIRECTHIAETVATAVIZ AT F VIO TIBHRERN TR H S
HBRETHEREND EH . EF¥IVB2.B6.B12. BIUOERLREDOLYIVIZISTHREY
ATFA VBB ENLD MBDOFRET AT A VREIER N TS, FEVATA
fED EFIIERNTOAFNVALD KM HE Lo, ZDOEED-DIZE Y IVBHAE, F#IC
Y¥3IVB2.B6.B12. OV EE A E LS, 11 umol/LE R HEMDEHM A ET 5
CENRGDoTEY, 6umol/LUL FHAIRBEEZLND,

FEIATA DREHIBIE. Y ¥3IB2.B6.B12. ik (E¥3IVB9) A3 H B % &% 472
I COMRFALIEICUTOZO0KRKTITb s,

D XFIAEBR: ORI TR FEVATAVEAF A VICHAF VLSRN, EREAZ
DOBBIIBOCHEHELREH 2R T AFPOEBWMLSAOERIII. IFF IO
2 (THF) \2Z 330, KIS MTHER (A F Lo 7 b RO IERRRITEE SR ) ICE 5T 5-AF VT hIRR
TIERE (5-MTHF) ICZ 8N 5, (A FIZBWTIE HA AIEMTHFROZE B2 o8 473
ZWnEEsnbZENS  MTHFRZ S EEL W TN TX 515G 258 (5-MTHF) %

(REICHL)



reearroasEn | DemeCame,

EREFQ@

E5=BED
B5IC&D
REVRTA JED
E&t

EREFG

NAD+IC KD
RBIRILF—0
i

DDS
A7elb

RrR/EERS

B/ TR

BEVEDE

&L TWwW5,

5-MTHFIZ, R EVATFA VEAFF ZVICHAF VLT B2 DI 0 E 2 X F Vot 54K
EB B ZDORIBIIZETIVBI2(INGIV) B HZELTHETH)Y. EFZIVBI2IE. &
EVATAVROATFF U EAERT A S-MTHEROAF VIEEREY AT A VIE
FTHREERT,

CBhIFVRANT L= aVBBICOBRBETIE AEVATA VI IATAVICERS
ND. ZORIBIIZE Y IVBO (EYRF I V) BRI RLL TR ET FEVATAVIZET K
TIVBOMGEMEDEEHE VA FF =V -3 —F (CBS) ICEoTY A FF = VITEHBEN
BolRICVAIFFZVIEVATA VBB ENS ZORINIZE T IVBKF OB FE TH
BYAZFF =y )T —E (CCL)ICEoTITbN L, INEDIREICEN . REVATA VG A
FFVEREVATAVIIEBREN RN TREIUEINL L2AL.EYIVB6.B12. B
JOEBORRE DN HLE, NSO E IR T REIATA YOI i
BNERTE NSO BE LIRS LENOLSIVB2.YFIVB6.EF¥IVB12, HHR
(5-MTHF&) O 5B H M THH L FIVCIIBILICTT O EB O EREL THREET 5o

B-NMN#ZESTONAD+DEMBRELATA Y RBICEZ D3R
NAD+DO¥MIZTHEOY —F 24 VBT OETEEMALSELILETHRER~D
LRV REZL0 T EMMALRBBEIRDPANONTVEN AEVATAVOIEHAL
CBVWTRZDDDOTANTF B HELRD ATV ATA VR HICIZ.EFIVB6,
B12. %8 (5-MTHF) B 5458 . ChooR#RBEIAVF—2HET L7
ELATHY) MM SRR B ENEEEL L NAD+AHE M T 5L, TRV F— A
BETDHROFEVATA VR B2 ELUTORBF 7T 2B IR R IHETT 5,

c AFFZ VB X FIEREE:

FEVATAVPEATF A VICHAFMMEEN L BRERTIE.ERFT I I7VHFHE T %,
ERIAIZVTORIS (AFLY T LFBERSS-MTHFICEHR SN, BHE) 1T
ANVF—2 R BEEL . CORIGEZTR-—FT520ICMBEERORHFHEEILINT
WHLZERRDLN S,

CDARBRFFZURER (M RAANTL—2a VR

CIIVBOKGEDRBC . REVATA VR VA FF o VICEBRINLTa A T A
VWX —Z BT D, 20T AN MY ICHEATT L2202 MBOZANVF—NT
VADBESTWAIENEETH S,

NAD+EI R F—KH5

NAD+IZFICLLT O H A B THREET %,

- RYERE I UEME:
TNVIA—ARLIANT -2 AT LHERL7Z VBEE (TCAY A7) TR,
NAD+2SE T2 ZWOINADHICEHIN ATP(MBO = A NVF —) O A%
Bz, 2070 A0 RMICETTLE MBNOZRAVF BB REL, &K
DA H B RE S I BAb I,

- BR{LRYY) VEERML:
IPIVRYTTOMALNY Y BALTIE. NADHAHUNAD+HICEHR IR, ZOBIZKA
HOATPHEBRSINL NAD+OMRMEASMWZ 2L, 2O ANV T —E K 70t 2N
L3 %,

¥ I UBHEOHRT, JRICERRPY Y I UB6IEEHMEL EOMMERET TOREEICHET
HYHREINRT VI EnD, YL 7V GEWYE) 2RHLTw5,

FiZhwv,

WS R IRAE S o A R0 B A5 13 B in A LS R K

B BSR4 4 info@nodaseiyaku.com TEL:03-5403-5900

13



14

TAT 7 ORIEAICEIT D
AlD[EIE

B-NMN (125mg): E2Z2C(50mg): EZX2B2(3mg): EZX2B6(20mg): EXZZY
B12(500ug): FEfE (5-MTHFEL-800 u g) : A LDEHEDLEDTTIAV M2 REVAT
1 EZTIFB5ENTERALE I BMERAELTEZSNSERZRLTILEL

REVATAVEZTIF5ENTERTZHTIAVM(B-NMN.EZZVC EXSVB2, EX2ZVB6.
E2ZVB12. B8 DRIEAELTEASNBERELUTICELHET TNETNDAS DIFHICED
W RHTBRERPEADGEICSSBIERDORTEEDNHYET,

1. B-NMN(125mg)

@ EIfERA DT REN: WS TIE. B-NMNOEHFERICB I 2EELBIERIXIFEALRE
TNTLVEEAN . REVGEEIC OV TR R T — 2BV EEAFEITLLTDELD
BEMERIERADNREINEIEHLHYET,

OEfE. BEH=RGHIERR

OEREINEQ: BICRAEZENT RS FRICECI TV HLZERRL. EMICHEKTEIL
HHERENET,

2. EZ32C(50mg)
OEER DT EENY: —MRAIC. EXZVCIKAMTBEGDILIRFICHEEINSH . B2
EENTVWE T L IERICERAEZE (1H2,000mgd k) #REABEBELEHZSICULT
DEWERHIRETHIENHIET,

OBIEARRBYTH. BONREX, BiEa(EURAITEICBEWVLT)
Q@ EEIANER: 50mgld—iRMICRIEL W ETNZETIDT. EWERDURVIZIFEAEBYEE A,

3. E423YB2(3mg)
BER DR EEMY: 42 BASBRIEML TLRA BEDERICHHE NS 6. BIHIHE
WEENTVET, LA L RICUTOLSGEEBAEZSNE T,
ORDEEEE(BETTNELIENBDET)  HEDDDHPLHE (FN)

OEZEEINER: SmgDENIBEDEEANTHY. BMEADYRVIIIEEITIENTT,

4. E23/B6(20mg)

@ BEADARENY: E2ZB6lEEAE (100mgll £) DEIRHRBEHIEWIHE . HIRE
EESIERITIENHSNTVE T 20mgDEBEILBED T T AV MEEATHIE



LI B eme ®are

ETITHUTDERDIENSEIREEDHIE T,
OXREHEES GERICEAEN DRIABERNUCES)
OFEDOLUN®FIFIR(BRIBEE)

OETEINER 20MgIEBEREGHETI AN RPBOBERIGEMICHEHKX TSI LN
EEINE T,

5. E43B12(500ug)

O EADAEEN: E2IVB12I3)AMTEMNMEC BRI EBRICKZEXRGRIERIZIZ
EREREENTOVERALHOL —HDATIEIUATORWERDSRNSENADIET,

O REBOFERZPLHDH (FN) BERINGERICEN)
OTEINER: 500U gl R 2BLEERNTHY BIFADURZIFENTT,

6. 8 (5-MTHFEL-800 u g)

OEFADRTEe: EMBAIIKARE T ELBNRELGERX2IVTY,
eELOBEBE (1,000 u gZBASEIME) ZHil T 2E U TDURIHHIET,

OEY=VB12RZEDERZEBVET . BEEESPHER. ERESPEE (XN)

OEEINER:B00ugNERBIRLZEHWERNTI N FICEZIVBI2RZELHBHE
FEBDBETT,

WENGEER
DY TIAVHMCEENZHSDEAEDRIZEEDHAEERRNTHNIERSE
THY. KL GEWERADIVAZIFBEWEEZSNE T LELLUTORICEET ST
EDEETT,
OL2ZVB6NBRBRUCLZIMHEREDIR /. RIEATERIANE
RTY,

OEHOSHEENIL. EX2ZVB12RZEDIKEEE T A EENHB T8,
EZR)VTHDRBETY,

EROEENLLETHEAL.BRBRNPRAFERICOVTRERNGEFIvI%Z
T5TLE=HELET,

15



16

W

SEER0

DEC‘: libb\}[lro) EQL I‘éli
W ER R K FF — A HAHAICBIT A
1 14E 8] 38 B 3R A

Association Between Oral Malodor and Dementia: An 11-Year Follow-Up Study
in Japan.
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Abstract

BACKGROUND : As infrequent social interaction is a potential risk of dementia, oral
malodor may increase the risk of dementia, including Alzheimer's disease.

OBJECTIVE : This study investigated the association between malodor and dementia.

METHODS : We used the Japan Public Health Center-based Prospective Study data
obtained at Yokote City. A total of 1,493 individuals aged 56 to 75 years underwent a
dental examination and self-reported survey from May 2005 to January 2006. Follow-up
for the onset of dementia was conducted using long-term care insurance data from 2006
to 2016. Hazard ratios of oral malodor on dementia were estimated by the Cox
proportional hazards model. The inverse probability-weighted Cox model was used as a
sensitivity analysis.

RESULTS : The study comprised 1493 participants (53.6% women) with a mean age of
65.6 (SD = 5.8) years old; at the end of the follow-up, 6.4% (n = 96) developed dementia,
and the percentage was 20.7 in severe malodor group. Throughout 15274.133
person-years of follow-up, the average incidence rate for the onset of dementia per 1000
person-years was 6.29. The highest incidence rate was seen in participants with severe
malodor (22.4 per 1000 person-years). After adjusting for confounders, compared to
those with no malodor, there was a 3.8 (95% confidence interval: 1.5 to 9.4) times greater
hazard of developing dementia in participants with severe malodor. The inverse
probability weighted Cox model confirmed the same trend with an adjusted

marginal hazard ratio of 4.4 (1.2 to 16.4).

CONCLUSIONS : A significant association between oral malodor and the onset of
dementia exists.

© 2024 — The authors. Published by IOS Press.
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fe 21 2= BOEB. J/\FZ (B12) IE tHey DEBAERF THY [3]. FRMEREBDEAE 1,
2], MEERE DIRME. M55 B12 DIEAE [2] & AD DEMEEELTWRIELADIYE LT, INSD]
EEZITCHRHTIBREVATAVIME, 7IVYINAR—EmOF e GREREFH I EWVSRH IR
EENEL AL 20OV RAERIBHERNGLEI—TCRBEVEBAD  &RADL E21—[5-9]
ICEDWT RAEIC ST BtHy ERDRRBHRICEE T HAHMICBETHEMR/\RILOFEHRERL
TVWET, AV Y AEBIF RANEICHS T StHey ODRRBBEFROREMICITEENICBEZIDIENT
ERRBEICEEGERERF OEERTITTOET,

RAEEDOREIFZRFHERETHY . StHyEFRAED+2EERIDT DOERICT EL A,
Roth-man [10]10\RME Lt AREFRICINIE FREED TR HRERICIE. FH. & REVA T/ M
fE.SIE. BRIE FEEBDET.ApoE4 ELFE. ZDMDME) AVREFEE TEEXETER
BERIDBENF T EBINELIT TR LEERIGEE. ZNZTNICEGLIERERZFTDOZD
BEEZERHLHY BREVATAVMEFERDERICBTZAEELIHYVET (K1) . mREVR
T A YV MEHDRIEDFERREF&E L TENIZERVAE FREMEDRRE E L TDERE|DEEFEITH S
ELBDTIEL TRGEHEETCHDORERBAHESE LTSI LICEERENET,

BREVATAVIELETBEREE

BMEEFAISBREVRATAVMELZHRTAIET. & tHy ZERELTEG 0 ER
I3 RENEAES | ERCTITRI AR TR HDDICHEYET,

KL<BERSNSEMIE. & tHey ERAESOEENGZRRGTDOLN. TNEEE tHey IFBICRER
BEFBEPATOGERIY BOREE [3, 11] GEDRERRADIY —H—ICTEFEVDHEVNDTET
T B2 ITRT KOS RBICITEEN R EENTREBOMADEETHAEENBVEER
SNET, ZTNTEITEAEDHBEEMETIE. EXZZ B DREFXFRLIEBTES tHey [LER50E
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EEEAELTWABTEN DD DTVET [8]. INIF EZ X BEIFERGC tHey DERAIEE DU Y
BERTHBHIEE—HLTOVET, TSI VITACOG HER TlE BmIEKET S 7E R BN A X

ek ER2ZVB & E I K BtHy DIETHBEFAIMNEREDREZHEN L. TNH S EIEFBAHEE T D
BORZEEN T HEDNRENELEM12L U T TRLESLSIT tHey D ERDRIEEDBKRAF CTH
BEVOITRGEHNAHBH\ tHey ZRET BN OO DREFELITLUTCIER T HRIREED RN T,

RAVEICE S BtHy OBENGERRBERIE. TS5V FT7+—F-bIVORRBEHREZE[3ICE D
CRYARVEZS—[TNCEL TR ENK LI, LIVIFRRBERDEZHFZEMIFHDITRIID
9 DDKH. T HDLERE —B SR E. SEM. EMFH AR, ZH 1 IR G RBREIREL

TOWE T BRI INSDRFEOFERICIEWODDRAN BB EERBICBELGLS RALT T
A—F=HRALET14],

= tHey EERFIEDEED RS

= tHey ICRAE T ARAED ) R VIC DWW Z RDBIEHIT. 7 DDARZRRHTLE2I—EN
FRIREREMBEDRBREZR 1 ITEEDF LI, INTDAZ D CRIEL DB RGBIEMEDEA
SHMTHEY I RTHEEEIE 1.15 H5 2.5 OEETLT,

R DBIEH A RO 1 DT XU 51E 36 DIEERTRELR U RV ERE AD EDEEM AT
LELE[151.6,310 AD#EEEZWRELTE 13 DOKR—MHAET. & tHcy D AD OFEEHEX
A& 1.15(1.02-1.27) TLIzo TNIEI L —F 1 OIEF VR EINELIE. NS 7 DDA
ZAMICBITDVRIEEEDIESDERF AR REGEOEIR— D EBZ DT EZERFHIIC R BR
LTOWEITHAERINEE tHy ODEEHDNEBDIEERBMLTVET . ZNTEH tHey EHAF L
WERE CIFERAMED Y AT HEMT LV EEBHNGMELNBHIET,

tHcy DIBINICREE S AMTHFR DC677T ZRID AV T IV VA LMEITE D KA Z O [16]I1%. 8
RIOR—MARDBENG/NAT7 A ZEELET, 559,397 ADWREZXNSHREL 234 OIS
T TIT7UIWEFDOAECC T UILEF DO AZLERLIZIZEEDAD OF v Xthik1.37(1.15~1.63)
TLIZBCAZDIRHD S EESIEtHcy HFFEL. In (tHcy) D1SD BT &123.37(1.9~5.95) D
BEAVALERELE L. COBEEMIK. BAKVET V7 ABLCENERATEN ST,

tHcy D ERICKBRIEDAOFES )XY (PAR) . BREVATA VMEDEREREFBEIED
BRI OHETCEETT. R 1 IFBIULEHIRVESREVATAVMEDBRE 25% %
feld 30% ICE D PAR HEEMBEARLTWVWE T, TNIE FEAEDHABRN . BREV R T AV ME
EERITHEOHDHYIATELT tHey DD LMD F =DM zEZR LSO TT,
PAR% & . @It EEM (D . BES L UIERE) (CBI2BMEEFADO>E.EREV AT
iE (BEDEE) ICERTE2EDDEETHY. LI > T EREVRTA VIENRENIEE
ICFBHTCEDRIEDRERERLTVE T 1 DDOAZDHEFRE.PAR HEMEH S tHey HET
THSHTETRIEL 1L AD DFEBID 12% Hh'5 31% ZFHTELTENTBEINTWSZ LI
FBICELE T,

ﬂlb\ %u FE

ERDAZBPL E2—[6, 17] ITRENTWVLAELDIC FRAEEPFRIAEL tHey DERZRE
LIcHERPDZHDOHARICIETETN—BEMEDHYE T Beydoun 5 [17] IZEAIVRTrv 7 EFE



eI B eme ®are

FERLTUVRVERO—BEM%ZHEL.8 DDEIZZEERRELIRAVERDHAERZRDEL S ICHEH
FELTe. TRADEZE (AD BEROEEDRELANTE—BY) ZHEAGDELE INET
DETARDBAGEHIE. M Hey LNV D EFEISHBEZEREDBEEICED IR TDIEIMLE.
BEFOEMICEDIRTDET T, J[17]

tHcy O LR ERMEZDOEEMEITB—BEMDLHSLBEHANTTCVOET A Rothman &
Green-land [14] HMERLTWS LS I [ROBEERIEIARBRICULETHTATEHIEEA L

tHcy O EF EERAPEEDREEMDRFEM

RENFELIMC b tHey DERIFBS COBREREMELTVE T, AR, RO ORE, Biss
BN ES S NEOBEEESERLEELTNE T, BNIEE0EEABE L. M
MEDBEIC £ > TEES SR SN, MEFL 6 RABEPREE D5 H S HERDIBED—
BB >TOBTEMABNTT (8, LicAoT.tHey ERADBEEM XS RIERSY S A, LD
L TR E NS B QBB EBEICRATNETHEBYE A, R [COBEEEAILLT
N THBIEERENTOET [14],

tHey O+ B & SREREE D RSE DRI

COFHIS FIZIERNEENBRE EFEEER. TDMOEKER. ENEABDELICDEHY.
ZORER tHy B EFRTBEVOFEDOERBEREZHIRT HHICEETT (K 2). SRANE IS AR
BECERREVAFVIEICKTIZHELHVETH (BEEREFLIIMERERORNARICK
%).OPTIMA HAE TIFFRHEN B L 3 FMIC tHey LNJVIF EFLFHEATL 2] WY
I BARRIAETIC tHey RO o e BE X HOMSRFNBRE CETHAB(LLE L [2]. 5840
BEEDOIMBENIREND T oLFICHBREDSIRY > 7V 2RI L e ZHORIE S HZE T K
BHRE—BLTVET, tHeyZBIE T 5 HDIRMA SERIEE L IFFRAVEDZ M E TDEMR
E T I VA LR8I TIEFHEKRIZE I—T RUHEMRIE[19]TIF35ETL .

tHcyD EF EERANPEE OREM O EF I A E

tHey EERANBEE £ o (L ERAE D DB BB R IE. l/t‘:L—L,Tcsv<0)ﬁuF]:'?Eﬁnb‘BEEBb"C‘?OZd)
ABLIE A 2D DOBERELN SDOHL DL EELHNRETIHERE X ITRBERISERKRIC

TCRENBTEDNLLHBIET (R ERERIGCBROFEIANEFALL UL ILAEZUT @Eﬁnb‘%
D NR=XZA Y DtHyNMEMTBICONT EBLGRREDRIEORERN LFEITEHIEHNER
ThE LTz tHey< 10.1 mol/LO AT BEXNMFIFSES<EYELT[20], OPTIMATIZ.ADE&
#1£10.0~18.0 mol/LDtHcy D#EFE TR EEE T RHNBEKEFICIEZITEML LI EHRE
NR11,ADEEDOHAMAIEEZBER L tHyDEEICIZBENRHZRHS N tHcyH 11.1 mol/L
HBADEEFEIEtHcyD 111 mol/LRBEBDEEBELLBR LU TEMENEMLEL[2]. F e,
Normative Aging Study Cld. ZEf5 3 E—“bj}d)ﬁﬁ%gk’)b\’(ﬂ mol/L tHcyDBES H 5 BB A ER
HONFLI[22]tHyZE T EE28FAICEET HREICOVTE BRLE T,

ZOEIITEMFNDEOEZEIL, tHcyd)J:%é: RHEEDOBRKRICBVTERITHEEINTVE
T [ ZEYHEIRADOEMENZ LM ZIBE L. EERBAOETIEHYEITH. FENE IS
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HDHOSRIIFEREVEDTY J[14]. tHeyD EFBAHRDERMEZS | ERITDMN TNEHERZZTB
ARGEDMDREADI —H—HDOHEVIBMIF, 52 (K2) BLUL E2—[7. 8] TCEmEIN T
FI.EABTEF tHyD LR ERHEEZBEMITEIEDN TEDEEEETRENEN AN =X A
HHIENTWBDEWDITETT, INLIF MEA D ZXLH S, BRI G IMER. SR ERERLS L
U73:040 R 75— UM SRR BXUCIEI IR TA VI AAZXLETEZIEICHTIZY ., WK
DHDLEI—THEMINTVET[7.8.23~27], INSDA N Z A LISHEEICHHN TIE R &
HORGHEEHEESLTVBERRENEVTT (RIRELTHYLDOLE21—DR4ZER) ., [8]
tHey ERRAIBE L DBEIRIER ICHIFR EMERMITE LT

tHcy O _ LR ERAMPEEDRHEMED—EH

Rothman & Greenland [14] BN TWBKSIT [—E M &I BEEEDRRBEBRDFERD . &
BOBREEENZICOVWTHONTWARZEEFBELGWTEZEKRLE T 1. RANES & RHE
DEEGEMFAMEIE. Z2— OV ORRICKIBFBANMKER. 75 —7HDO7I04 RREDR
BEAVINTEDIRE . HREFERLRDO) VB2 (P-27) DRETIMEADRED 1 D
Tl tHey O EFEH AD EEDOAAMRIEEEDOZRREEAELTCWVWSIEHREN [2]. BRANME
MEDREMIFZNLORLEBICHERINTEY . &ETIE VITACOG SR THRREINTVE T,
[12] P-taulZBEEL C. MBFtHcyD LR EMBRERS-7 T/ VIVREV AT AV DEBINIEINE B8R
P-taul NJLD LR EEEELTHY[28] ERARREFZ NI TlE FETDHERIDtHcy D EF I KK
BEDOHREIREZTCEEDEBMEREEL TV 29, IR TIE. BREVATAVIET 2
04 FERICBIT2ELRFREODIEI IR T v I EASH MARDO7IOA1 RILEDEM. P-taud
FERDEMICDIEABTENTREINTLVS,

BOBESLIUCEFERTOBEZ1—OVDOE B1.BLUOTETEHRMESICEEL
TVWET,

tHey EERHBEE S KURIEL OBEM X EREAR, S8 Z LT bOBRREBRICESE
TOMET—ELTWAEERTITTVET,

fEHEIC K BtHyD E R EERMEEDREE
CHOEZEZRRBERICOVTDERBICESEETIEHVELANL. REVATAVEDFRHICE
BLIEMEIFHERRICEED HATEICEETILENDIE T REVATAVBRISEERETS /B
THY NMDAZ B Z N L CHIREZS | ERILEXITB2L. REVATAVFAZ T M IEEMIITHL
THEEEDIDI VI VERBELEDRVINIEDN-REVATA b %5 ERRTLET[33, 34],

tHcy O _EF ERHEE OREMEICET S RERREIHL

C IV BT EEROERMFICET 2REBNGIRGRBNNATHHEEZEL.2 D0
BRIAELET. 1 DB BRED tHy ZEEMNICENE €52 L CRAMSEICOLHZDH.
2 DB tHey BETE€BTE TRARERFHTELOH. T,

LE2— It EBHBNTL B DD OBMERTIE tHey EBERETHH B2 B
REAEEZBDICHHDST tHey ERINT L BERABEICOBABTENFRENTVET,



LI e B eme ®are

EFT tHey ZEBERMICEMEES LR HFRENTIEHIVEEADL —RHEZE (MTHFR O
C677T) & tHey IREDDO IO GIBIMEMAELTEY.AD DRV DARIBHEMEREELTVEYT
(& 1) [16]s tHeyL NI BZE5LTATAZAIVDOELIC K FREDZRBLLEDICENT SR EE
HHHY. 1,670 ADEIMEZNRELI/IVTT—DOHTRTIE 6FRB TtHcyH EA8 mol/LIBML
R ADFHPRET ARAATIEtHyHELLED 2T ALV EBED e e DIV E LTc, R
BT 6FER TtHcyh &®m A6 mol/LigD LIc ADFEERE T A A7 IEEH 21351,

i IR S B

REVATAVRBREZTIT5E EFDORAEBEETHELE SN BRAEELNFHENZHEN
SHEBIF. E23IY B EZERLGRHE BESMEE (MC) O5inE. KIdRMEREICRSTS
WSODDERRAHBDEBELGOTEEL. INSDREVATAVETHBRETNICTED AR
DIROHHIML E1—DEREINTOET [7, 8. INSDLEa—dWmALE. TV REHHER
HE PRI E T ZREGN R ZRE I D2EDEREICOVTIAX YL TWVWET . &
BLEI—TR. T RBIOTWEWCEERCZEFTEGWIERNTVWET [7], LD 2T HEK
REDAZDICEENZHBROEBME 20,431 ADSB 76% HERFEREDN—X S 1 > AIEE
ZROTCWED e TS RBORMERET ZME CELN>DIFTZRRTT [36].8F
DAZDHFD 2 DDFER (2,825 ADSME) TRI TS RBETRMEREDETAESN AN
ZA 2T tHey BEb2fcWEZIY B DRELBO W LIEAI VB REHTIEBEICKLS
BREGHRAMRDVBERING LT A ZDIHDEE L. uhb@&%@%ﬂ% irﬁ%?ﬁkck%%dﬂf
HBHEEZEL [36], L L. INS 2 DDOFHERIZ. ERZZIY B ICKBREVAT A ETH A
ﬁ‘é@ﬁE"F%iEBﬁ%b‘Eﬁb‘é:D’BE%F‘:ELC%[‘%—?LZ%%%Z&@’G%f:ﬂ’i—d)ﬁﬁﬁﬁ?‘bfco

CDNHTCEKRDOHZERAARIT. BN EHEREHITLOHICR 2 ICBEFc—EOEEZEILT
BEDBHBEMBEIFIEITVET,

WE K2 ICBFEHFEZLICHELZLI DUEDEZ2ZY B (EB. E2ZY B6.EXZY
B12) ZRELLTARELILEHMEZNRELRE 3 DOHABRDPRERINTVET . IhoDHRDLS
"BONTCEGHMREZBRICKEDHET,

FACITEBR([37]

TR B EHIRNEFEERR ClE.N—XZ14 > DtHcyh 13~26 mol/LOEEH Th >
A SV EDERGHBRESIBANBMLE LI, BEIAEIIIEBBHOS mgDERZRST
BTETHY TIURBEEHBRLTHy D 26%ETLELc, REICEIE T 23 DD MBEE (15H
IR RTIEE EMH) TS ERECAITOETEZRLELEA BEBAIT7VR TS RECHE
LELR (BZoEBMRICLS) . EBARITIFRULWEDE T ZESE N—ZAZA4 2V DtHcyHh
REZBADEBMETRZTDONREIREGLDTL ERFE TS RBELVLERAITOR
ENKRELEENGZLENRMEEADT7LRELE L. EESIF . ERBEICKY. RN
47 . EREZEFRE 1.7 . [FROIEBRE L 2.1 R 2ROGERMERIE 1.5 REROTCEHEE
LELTc. INSDIERIE tHey ZETEESILET BABTEN TRV MEREDOELD—El%Z
BoHE3IENTERDILERLTVET,
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77 IV INA X —m R 5T B [38]

KETTONECORARICIE. 7ILYNAI—FDERWHAHZEZHMENT 340 ZOBME
DEENTOVEL BBIEEIZ. 18 B BEER 5 mg OEM. 1 mg D B12.25 mg @ B6 %
BEG AT E T tHey B 26% ﬁ—FLE L7z (9.2 mol/L 5 6.78 mol/L), A R— b L&&E Tk W
KOLDRHEEES KUBKRNIBZICEWT TSt RBEEBBIWAEHROBICEERZIIHIEL
ATLIED YT IV—TRHTIENR—ZASA VDI ZAVZIVAT—MEE (MMSE) 27 &
E2Z> BAENROBICHEEERIARSN . N—XZ14 2T MMSE hEhsicE&EIFERZY
BOSBRGHEEFELIL.N—XTA > DERRIBREETME (COR) RO 7 H0.50 BEZHIEL
EELRBDOMRERNMESNE L. EX2ZVBBREICKD 18 BDHBRIBEHFDOMMSEDET
KHELEYE LT (Smith & Refsum [8]DL Ea—DH7%#E8) , cNSDERIZ. EX2IUBA
BIIBEEDADEEICIEMRENDLELNETAN BADNPEEITETLILEEITIIHRENTIE
HBWTEAETRBLTWVWET,

VITACOG ER (L E2—Fd* [8, 9])

FRHEZEICBITRIREVATAVEEZIY BIEERIF. EX2Z> B (B 0.8 mg.B12 0.5 mg.
B6 20 mg) & 2 FEBHKRS LT tHey ZETETEAHIET M BEDLKUEMBOIMBIRED B
KIEBDEIDERARNDHICHRATNE L BIXMBERIL BAB L UEBRANEL T L. MRI
AFv > aZIT2168 ADBMETIK.EX2ZY BREICKI TS RBEELEELT tHey B
30.2% BT L. BEMERED 29.6% ELGEWE LI, EZ2ZVBARBDOMREMBICHT T 2RI AN—
AZAYDtHyREICK>TE L EEINE Lz, HUEPREZOEME (> 13 mol/L tHey) Tl
BUEBERDS3%NETLE Lo N—X T4 VtHcy DRV E L FRANMBE S ER RS MICE ROoNFEL
feo 77 REETIE tHCy DR RAE (11.3 mol/L) ZBAB AL ITHBERGZRIEERTZRLEL
feo EZZVBAEIF.IEY —FRE. ERKEE. L ULEHER %D(MMSE) IZDWT tHeyh SR
BZBASADRMEEETZESE V. FHLIEYLE L EZIVBREIX. 2D DERKIERE
(CDRBEKLUVIQCODE) IcbBRIEZNEN DK LIz tHcyh 13 mol/LEZ B A B EMMEDIHITTHR
BHUELIZ, VITACOG DAF v T—REESICRICIVRN—A TR T5HE. EXZ B AE
ICKDTAD TRV AL GRHEEZITHMBEIHDOEREEDN 88.5% HAIMRICELHEITELANTEN
FLANAIT7VBERAEKEY ST HRICE)  RORRBEIRENE L .

E2ZVB(EICEZZVB12) > tHyDIET — INEHEDEIE —
— SAIHERE(E S DB

INSDERIFAHYD LR L TWVBMCEEDtHyZETEE S L HBRDETHELEZDEL
SREEEHLTWET9]

VITACOGEERDEME DMK Y > TIVDER DT TIEN—AZ 1V TRFGA A 3BEEIR
EBCTHOIRARITH ERIVBARNOMEREBIMEES KUBRKEREETDEEDREZR
el EDNRENELR[39.40], CORBERIF EXIVBOFRDEFERTIE. BMEBDRIFGEA A3
FERE R EEHIF T 2L EIEERIVBEA A BB OBEHEDEERETEHIEHEE
ICIxBTEZTRELTVETY, VITACOG BT DM ERBRDOBEROERINE LI, DY M



LI B eme ®are)

M/IRBEDFERIFERXZY BRREMEEFERTAAIREELN DY BERGMREIBEZRALTVLEN
ANICERENZEENWDTETT BEREWNTEITVITACOG TlE NSAID DFERIET7AE) > ERLR)
RIbIVELATLL,

2ERELCEIVDEEDRZEDEBBEHDODIDEND S RAMEFICEH TS tHey O LEFOREREER
E—HITBHIEBRIVFIN N Z MBS EERTITONET T EXZZY B OMRHNGWVERELLEZLD
HBRIE IR HWREDRIGCT AATREEMEWN F2lE T REE CRAEEDE TARIEEING
Dol EREHC RN B IE L .

famE S ROG MM

TSR 74—F-EIVHBRE LIRS TRAREINTEHRZ DM LIER S tHey (580
EELIURMEDBAD DEERGE AV ERTHS L MERMITEL .

CORERDOS.RREEICKEZRITAREDOH LV OO DAEENEEHEINET . B
tHeyD RV —Z2V 7 E B BEEEV Z VI TRETLD2HENHY. & tHey BEICIFEZZIV B
DY TIAV N ERBTIHRENHVE T CDOKOGFIEE. T TICATVI—T Y TRETNTL
£9 [41]. TSI ETIVMERETIE. COBERIGRE CHBICEAXNHROBLIENTEEIN
TUWET 42l ERRIEBHELCONSHME tHey BEARETATENEBICHEVET . EENDE
TIVIEERZECld. 13 mol/L ZBAAMENMERETNE LTz, INIE FACIT EBEANDOESMICERTN
feAv b A T7EERLUTHY . VITACOG HETERZY B AENERANFIRZESLIERET
T LD > T ZTNIEBEGBMZRHO>TVE T, —AVITACOGTIET11~13 mol/LDOEED L
NV TRHMAFRARIEETNTH Y. 11 mol/LZBZZE &FIDOPTIMARZE CHRAIRIZEE DA
ERERDOBEINHY A TETLIZ, E5IT 11 mol/LDEEIE. Normative Aging Study
[221IcHB 1T BtHyEZROE—BELDBEEDRMBETHY . Ay bZ 2 ROBEMIE TIE EREE
DFEERIZtHyLN)L10.8 mol/LTT TITEMLTWEL[43]. BEDMELEEEINNIE 10
~11 mol/LORMEA KW EYIEEBRIgEMED BV E T, BIMERE10~13 mol/LiE. EEEE DtHcy
DIEBHEERNTLE[3],

R2UTTRTEEICH O T MCEEI(C VBY T AT (BAEMITIEA A A 3AERAEE S —#EIC)
/5 LIIGE. TS5 ﬁ‘F‘wa%Df’\@*%ﬁb‘ KIEBDOFHEINZIDZRAND &
DABEGNAFEBRDBRAICKETHATEIFASH TI B ELDIERLIO R TIV—
7/3&&?@“5—1‘*'!%\ WEB. THEDLE HMtHYERAB K REYATAVRHICESETHESR

VBDIREH B WG Iaot07°7td'\ﬁ¥0)$%b‘*b7‘;%> RHMBEE T PRHMEZ TR T DIC
TR GHBRBEAN S ZIFEICRI. COLOGEERIEEZOHINTARLADEREBEINTVET,
KIRETHEY Lux.:‘l'*hté’bfa%u't%ﬁ’( tHey ZIE T E B AT ETRAMEDETHELGZD L
HEESRINNIE tHey DRI —Z2 713 AODSERAEEETELMRLIADH D FEEHTH S 65
RULEDITRNTDARZER]RICHERENZNETT,

B
EEDORTBERITA Y SAVTAFAETT
https://www.j-alz.com/manuscript-disclosures/17-1042r2
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Abstract. Identification of modifiable risk factors provides a crucial approach to the prevention of dementia. Nutritional or
nutrient-dependent risk lactors are especially important because dietary modifications or use ol dietary supplements may
lower the risk factor level. One such risk factor is a raised concentration of the biomarker plasma total homocysteine, which
reflects the functional status of three B vitamins (folate, vitamins B12, B6). A group of experts reviewed literature evidence
from the last 20 years. We here present a Consensus Statement, based on the Bradford Hill criteria, and conclude that elevated
plasma total homocysteine is a modifiable risk flactor for development of cognitive decline, dementia, and Alzheimer’s
disease in older persons. In a variety of clinical studies, the relative risk of dementia in elderly people for moderately raised
homocysteine (within the normal range) ranges from 1.15 to 2.5, and the Population Attributable risk ranges from 4.3 to
31%. Intervention trials in elderly with cognitive impairment show that homocysteine-lowering treatment with B vitamins
markedly slows the rate ol whole and regional brain atrophy and also slows cognitive decline. The [indings are consistent
with moderately raised plasma total homocysteine (>11 wmol/L), which is common in the elderly, being one of the causes
of age-related cognitive decline and dementia. Thus, the public health significance of raised tHey in the elderly should not
be underestimated, since it is easy, inexpensive, and safe to treat with B vitamins. Further trials are needed to see whether
B vitamin treatment will slow, or prevent, conversion to dementia in people at risk of cognitive decline or dementia.,
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was associated with Alzheimer’s disease (AD), as
diagnosed by clinical [1] and histopathological [2]
criteria. The histopathological study also found that
vascular dementia was associated with raised tHey
[2]. The B-vitamins, folate and cobalamin (B12), are
major determinants of tHey [3], and it was found that
low red blood cell folate [1, 2], low serum folate, and
low serum B12 [2] were also associated with a diag-
nosis of AD. These reports prompted an editorial that
posed the question: “Hyperhomocysteinemia. A new
risk factor for Alzheimer disease?’ [4].

This Consensus Statement is not a systematic
review, but represents the conclusions of a panel of
experts on the evidence concerning the causal role of
raised tHey in dementia, based upon recent reviews
[5-9]. The Consensus Statement concludes that the
question of causality of tHey in dementia can be
answered in the affirmative, with significant impli-
cations for public health.

Development of cognitive impairment is a mul-
tifactorial condition with raised tHcy being just
one component of ‘sufficient causes” of dementia.
According to the causal theory introduced by Roth-
man [10], a sufficient cause of dementia would
contain a variety of ‘component causes’ such as
age, hyperhomocysteinemia, hypertension, smoking,
low physical activity, ApoE4 genotype, other vas-
cular risk factors, etc. Notably, there are usually
many distinct sufficient causes, with different com-
ponents in each, and where hyperhomocysteinemia
may belong to several (Fig. 1). The strength of hyper-
homocysteinemia as a risk factor for dementia does
not arise from the strength of its role in the etiology
of dementia alone, but also depends on the preva-
lence of the other causal components in the sufficient

g

o o

One causal mechanism Another causal mechanism

Fig. 1. Hypothencal “sufficient causes” for dementia that involve
raised plasma total homoeysteine (tHey) as one of the single
component causes, For example, B might be age, C hypere-
holesterolemia, D hypertension, E smoking, F ApoE4, G low
physical activity, H low education. Based on Rothman & Greenland
[14].

causes where hyperhomocysteinemia belongs. By
eliminating hyperhomocysteinemia from the elderly
population, the *sufficient causes” that include raised
tHcy as a component will then become insufficient
for causing dementia.

A question often asked is: is raised tHcy a direct
cause of cognitive impairment or could elevated tHey
simply be a marker of causes like poor lifestyle,
and/or inadequate B vitamin status [3, 11]7 We sug-
gest that in fact both direct and indirect pathways
may well occur, as illustrated in Fig. 2. Neverthe-
less, most prospective studies have found that raised
tHey remained associated with cognitive impairment
even after adjusting for B vitamin status [8]. con-
sistent with tHcy being a risk factor for cognitive
impairment independent of the B vitamins. Fur-
thermore, in the VITACOG trial, it was shown by
Bayesian analysis, using the directed acyclic graph
procedure, that lowering of tHey by B vitamin treat-
ment mediated the slowing of regional brain atrophy,
which, in turn, mediated the slowing of cognitive
decline [12]. As we shall argue below, there is good
evidence that raised tHcy is a risk factor for cog-
nitive impairment but it may well act in parallel
with some of the factors that themselves determine
tHcy.

The potential causal role of tHey in dementia was
analyzed by McCaddon and Miller [7] according to
Bradford Hill’s criteria of causation [13]. Hill sug-
gested nine features that are helpful in supporting the
idea of causation: strength, consistency, specificity,
temporality, biological gradient, plavsibility, coher-
ence. analogy, and experiment. We will adopt the
same approach, bearing in mind that the use of these
features has several limitations [14].
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Fig. 2. Paralle]l pathways for causation of cognitive impairment
involving homocysteine. Raised tHey may directly cause cogni-
tive impairment (blue arrow ). Many modifiable factors determine
tHey [3, 11]. Some of these factors may directly cause cognitive
impairment (red arrows) as well as causing cognitive impairment
indirectly by raising tHew (grey armows ), Reverse causality (dashed
line) could also explain the association of Hey with cognitive
impairment.
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STRENGTH OF THE ASSOCIATION
BETWEEN RAISED tHcy AND DEMENTIA

To gain some idea of the risk of dementia asso-
ciated with raised tHcy, we summarize in Table 1
the outcomes of prospective observational stud-
ies as reviewed in seven meta-analyses. All the
meta-analyses revealed a significant association to
dementia, with the pooled risk estimates varying from
115 i6:2.5,

In one of the latest comprehensive meta-analyses,
Xu et al. investigated the associations between 36
modifiable risk factors and AD [15]. The pooled rel-
ative risk of AD was 1.15 (1.02-1.27) for raised
tHcy in 13 cohort studies on 6,310 subjects; this
was classified as Grade 1 evidence. The variation of
the risk estimates between these seven meta-analyses
reflect in part that different cohorts were studied but
also reflect the different definitions of high tHcy
used. Nevertheless, the universal finding is of an
increased risk of dementia in subjects with elevated
tHey.

A meta-analysis [16] based upon Mendelian ran-
domization of the C677T polymorphism of MTHFR,
which is associated with an increase in tHcy, avoids
the potential biases of observational cohort studies.
In 34 studies on a total of 9,397 subjects, there was an
odds ratio of AD of 1.37 (1.15-1.63) for those with
the TT alleles compared with those with the CC alle-
les. From the same meta-analysis, the authors also
assessed tHey and found a combined odds ratio of
3.37 (1.9-5.95) for each 1 SD increase in In(tHcy);
this association was stronger in Asian and mixed
populations than in Caucasians.

The population attributable risk (PAR) of dementia
for raised tHcy can be estimated from the preva-
lence of hyperhomocysteinemia and the relative risk
of dementia. Table 1 shows PAR estimates based
on independent relative risks and a prevalence of
hyperhomocysteinemia of 25% or 30%, since most
studies considered either the upper quartile or ter-
tile of tHey distribution as a cut-off for defining
hyperhomocysteinemia. The PAR% is the propor-
tion of dementia cases in the elderly population (i.e.,
exposed and non-exposed) that is due to hyperho-
mocysteinemia (the exposure in question) and so
indicates the dementia incidence that would be pre-
vented if hyperhomocysteinemia was eliminated. It is
striking that, apart from one meta-analysis, the PAR
estimates suggest that from 12% to 31% of cases
of dementia or AD could be prevented by lowering
tHcy.

CONSISTENCY OF THE ASSOCIATION
BETWEEN RAISED tHcy AND
COGNITIVE IMPAIRMENT

As shown in the above meta-analyses and in
reviews [6, 17], there is a high degree of consistency
between the large number of studies in all parts of
the world that have examined cognitive impairment or
dementia in relation to tHcy. Beydoun et al. [17] used
multiple logistic regression to assess the consistency
of risk factors and concluded their study of § different
modifiable risk factors as follows: “Combining both
criteria (strength of association in the case of incident
AD and consistency overall), the strongest evidence
thus far is an increased risk with elevated plasma Hcy
levels or lower educational attainment and a lowered
risk with increased physical activity.” [17]

We conclude that the association between raised
tHcy and cognitive impairment is both strong and
consistent, but, as pointed out by Rothman and Green-
land [14], ‘a strong association is neither necessary
nor sufficient for causality’.

SPECIFICITY OF THE ASSOCIATION
BETWEEN RAISED tHcy AND
COGNITIVE IMPAIRMENT

Besides dementia, raised tHcy has been associated
with numerous clinical outcomes. For instance, dis-
eases that involve damage to the vasculature, such as
ischemic heart disease, stroke, and age-related mac-
ular degeneration, are also associated. It is likely
that a significant component of cognitive impair-
ment is directly caused by compromised cerebral
vasculature and that vascular insufficiency also con-
tributes to the damage to the nervous system that
leads to cognitive impairment and dementia [8]. Thus,
the association between tHcy and cognition is not
specific. Nevertheless, the importance of the charac-
teristic of ‘specificity’ must not be over-emphasized;
indeed, it has been claimed ‘the criterion is invalid as
a general rule’ [14].

TEMPORALITY OF THE ASSOCIATION
BETWEEN RAISED tHcy AND
COGNITIVE IMPAIRMENT

This characteristic is crucial to exclude reverse
causality, for example that cognitive impairment
leads to changes in diet, lifestyle factors, other dis-
eases and drug use that in turn raise tHcy (Fig. 2).
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Meta-analyses since 2009 on the association between elevated plasma homocysteine and dementia or AD in prospective cohort studies

Meta-analysis  Studies/Subjects/Duration  Exposure Outcome Pooled risk estimates ~ PAR% PAR%
threshold (95%CT) (95%CT) (95%CI)
[Prev. 0.25] [Prev. 0.30]
Van Dam, 3 prospective studies in tHey >14.0, Alzheimer’s RR: 2.5 (1.38-4.56) 27.3 31.0
et al. [44] 2,569 subjects (baseline 15.0, or disease (7.5-47.1) (8.6-53.5)
free of AD) 15.6 pumol/L
Wald et al. 8 cohorts of 8,669 For a Dementia (the  Adjusted OR: 1.50 / /
[45] subjects, median 5 pmol/L search (1.13-2.0)
duration=35 years. increase in criteria was
Cohort studies of tHey (i.e., mixed.,
individuals without 10,0 — memory,
cognitive impairment or 15.0pmol/L)  dementia,
dementia at the start of etc.)
the study which
reported serum
homocysteine levels
and the incidence or
risk of dementia after at
least | year of
follow-up were
included.
Beydoun et al. 5 cohorts on 4,412 Elevated tHey  Incident AD RR: 1.93(1.50-2.49) 189 21.8
[17] subjects (variety of (10.8=27.0) (12.5=-31.1)
cut-offs:
14.0, 15.0,
15.6, 14.6
and
12.6 pmol/L)
Nie etal. [46] 14 cohorts on 15,908 Elevated tHcy  Dementia, RR: 1.53(1.23-1.9) 11.7 13:7
subjects (variety of cognilive (3.8=19.6) (6.3-21.2)
cut-offs: impairment
15.8, 15.0,
14.0, 27.5,
15.4, 15.0,
13.4, 13.0,
14.3, 21.0,
15.1, 14.5,
17.0 [71,
10.8 pmol/L)
Shenetal. [47] 9 studies on 4,830 Elevated tHcy AD RR: 1.77 (1.37-2.16)  l16.1 18.8
subjects (mixed study (variety of (9.1-23.1) (10.7-26.9)
designs) cut-offs: 14,
12.0, 13.1,
13.3,27.4,
15.0, 13.0,
15.0 pmol/L)
Xuvetal [15] 8 cohort studies on 5728  Elevated tHey ~ AD RR: LL15(1.02-1.27) 3.6 4.3 (0.84-7.8)
subjects same as (0.69-6.51)
Shen et al.
[471
Hu et al. [16] 34 cohort studies on Mendelian AD OR TT versus CC:
9,397 subjects randomisa- 1.37 (1.15-1.63).
tion of the OR CT versus CC
MTHFR 1.28 (1.14-1.44).
C677T as a OR (foreach 1 SD
cause for increase in
AD In(tHcy)): 3.37

(1.9-5.95)

AD, Alzheimer disease; CI, confidence intervals; tHey, total homocysteine;: MTHFR, methylentetrahydrofolate reductase; OR, odds ratio;
PAR, Population Attributable Risk: Prev, prevalence of hyperhomocysteinemia (HHCY): RR, relative risk; SD, standard deviation. It should
be noted that many of the meta-analyses included the same cohorts. PAR =100 #* [P(HHCY) * (RR-1)] / 1 + [P(HHCY) * (RR-1)]. 95% CI
ol PAR are according to Beydoun et al. [17] and the references cited there.
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Although dementia may precede hyperhomocys-
teinemia at later stages (via feeding difficulties or
micronutrient malabsorption), tHcy levels did not
increase during 3 years as dementia worsened in
the OPTIMA study [2]. In contrast, patients with
higher tHcy at study entry showed a worse progres-
sion upon radiological re-examination of the brain
[2]. A large number of prospective studies, in which
blood samples were taken from subjects long before
they showed signs of cognitive impairment, are con-
sistent with a temporal relationship. The intervals
between blood sampling to measure tHcy and diag-
nosis of cognitive impairment or dementia were up to
13 years in the Framingham study [18] and 35 years
in the Gothenburg Women Study [19].

Thus, the criterion of temporality (hyperhomocys-
teinemia — dementia) is fully satisfied.

BIOLOGICAL GRADIENT OF THE
ASSOCIATION BETWEEN RAISED tHcy
AND COGNITIVE IMPAIRMENT

A gradient relationship between tHcy and cogni-
tive impairment or dementia is evident from many
of the prospective studies reviewed. This gradient
is often shown by a threshold concentration above
which impairment occurs or by a concentration-
response relationship, as can be seen from the
exposure thresholds in the meta-analyses (Table 1). A
notable example of the concentration-response rela-
tionship is a study from northern Italy in which an
increasing incidence of dementia in normal elderly
was observed as baseline tHey increased; there was
an almost 5-fold higher incidence in those with tHcy
> 15.0 pmol/LL compared with those with tHcy <
10.1 wmol/L [20]. In OPTIMA, patients with AD
showed a marked concentration-dependent increase
in the rate of cognitive decline over the range of
10.0 to 18.0 wmol/L of tHey [21]. Threshold effects
were found for the association of tHcy with the rate
of atrophy of the medial temporal lobe in patients
with AD, where the rate increased in patients with
tHcy > 11.1 wmol/L compared with those with tHcy
< 11.1 pmol/L [2] and in the Normative Aging Study
an apparent threshold of 11 pmol/L tHcy was found
forimpairmentin spatial copying ability [22]. We will
return below to the matter of a threshold in relation
to treatments that lower tHcy.

Thus the criterion of a biological gradient is fully
satisfied in the relationship between raised tHcy and
cognitive impairment.

PLAUSIBILITY OF THE ASSOCIATION
BETWEEN RAISED tHey AND
COGNITIVE IMPAIRMENT

‘Plausibility refers to the biological plausibility of
the hypothesis, an important concern but one that is
far from objective or absolute’ [14]. The question
whether raised tHcy itself causes dementia, or is a
marker for other causes, such as B vitamin inad-
equacy, has been discussed above (Fig. 2) and in
reviews [7, 8]. What can be said is that many differ-
ent biological mechanisms are known that could link
raised tHcy with cognitive impairment. These range
from vascular mechanisms, to regional brain atrophy,
neurofibrillary tangle and amyloid plaque formation,
neuronal death, and epigenetic mechanisms; these are
discussed in several reviews [7, 8, 23—27]. The mech-
anisms are not mutually exclusive and it is likely that
several distinct pathways are involved—see Fig. 4 in
the review by Smith and Refsum. [8]

We conclude that the association of tHcy with
cognitive impairment is highly plausible.

COHERENCE OF THE ASSOCIATION
BETWEEN RAISED tHcy AND
COGNITIVE IMPAIRMENT

As stated by Rothman and Greenland [14], ‘coher-
ence implies that a cause-and-effect interpretation for
an association does not conflict with what is known
about the natural history and biology of the disease’.

Key biological aspects of cognitive impairment
and of dementia are loss of neurons, leading to
regional brain atrophy, and deposition of insoluble
proteins such as amyloid-f3 in plaques and of phos-
phorylated tau (P-tau) in neurofibrillary tangles. In
one of the early reports, raised tHcy was shown to
be associated with the rate of atrophy of the medial
temporal lobe in AD patients [2] and its association
with regional brain atrophy has been extensively con-
firmed since then, most recently in the VITACOG
trial. [12] In relation to P-tau, raised plasma tHcy
and raised CSF S-adenosylhomocysteine are associ-
ated with increased levels of CSF P-tau [28] and, in
a clinicopathological study, raised tHcy several years
before death was associated with an increase in neu-
rofibrillary tangle density in the cerebral cortex [29].
Animal studies have shown that hyperhomocysteine-
mia leads to epigenetic regulation of gene expression
in the amyloid-[3 pathway, to increased amyloid depo-
sition in the brain, to increased formation of P-tau
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[30], to the death of hippocampal neurons in culture
and in vivo [31], and to various cognitive deficits.

We conclude that the association of tHcy with
impaired cognition and dementia is coherent across
studies from isolated cells, through animals, and to
human neuropathology.

ASSOCIATION BETWEEN RAISED tHcy
AND COGNITIVE IMPAIRMENT BY
ANALOGY

This criterion is not crucial for arguments about
causation [ 14], but it should be noted that substances
with a molecular similarity to homocysteine have
toxic effects on the nervous system. Homocysteic
acid is an excitatory amino acid that acts via NMDA
receptors to cause cell death [32]. Homocysteine thi-
olactone is neurotoxic in animals and leads to the
N-homocysteinylation of proteins on lysine residues
[33, 34].

EXPERIMENTAL EVIDENCE OF THE
ASSOCIATION BETWEEN RAISED tHcy
AND COGNITIVE IMPAIRMENT

Hill considered that the strongest evidence of
causality between a factor and an outcome was exper-
imental intervention. Two questions arise: first, does
deliberately increasing tHcy in the elderly lead to
cognitive impairment; second, does lowering tHcy
prevent cognitive impairment?

Several animal studies, summarized in the reviews,
have shown that increasing tHcy, either by direct
administration or by feeding the animals a B-vitamin
deficient diet, is associated with cognitive impair-
ment. It would not be ethical deliberately to increase
tHcy in humans, but a common polymorphism
(C677T in MTHFR) is associated with a modest
increase in the concentration of tHcy and is asso-
ciated with a significant increase in the risk of AD
(Table 1) [16]. A person’s level of tHcy may change
over time, probably due to changes in lifestyle, and a
Norwegian study in 1,670 elderly found that in those
whose tHey had increased over a 6-year period by up
to 8 wmol/L, the mean memory test score was lower
than in those whose tHcy did not change; in contrast,
in those whose tHcy had decreased by up to 6 pwmol/L
over the 6-year period, the mean memory test score
was higher [35].

Clinical trials

The question whether lowering tHcy slows cog-
nitive decline or prevents cognitive impairment in
humans has been the subject of several clinical trials
in which B vitamins have been administered either to
normal elderly, to elderly with mild cognitive impair-
ment (MCI), or to patients with dementia. Critical
reviews of these homocysteine-lowering trials and of
the meta-analyses based upon them have been pub-
lished [7, 8]. Both these reviews commented upon
the futility of carrying out trials in which the placebo
group showed no cognitive decline over the period of
the trial; as one review stated *. . . you cannot prevent
something that is not occurring” [7]. It is therefore
unfortunate that 76% of 20,431 of the participants in
the trials included in the largest meta-analysis did not
have baseline measures of cognitive function, and so
it was not possible to assess cognitive decline in the
placebo group [36]. In two of the trials in the lat-
ter meta-analysis (on 2,825 participants), cognitive
decline was shown in the placebo group and signif-
icant beneficial cognitive effects of treatment were
observed in the B vitamin treated group who had
high tHey or poor B vitamins status at baseline. The
authors of the meta-analysis considered that these lat-
ter findings were “due tochance” [36], despite the fact
that these two trials were the only trials that could
actually answer the question whether homocysteine-
lowering with B vitamins slows cognitive decline.

We suggest that a meaningful clinical trial in this
field should satisfy a set of criteria, listed in Table 2,
in order to give a valid outcome.

Currently, there are three published trials in the
elderly that fully satisfy the conditions listed in
Table 2 and in which the active treatment was one or
more of the B vitamins (folic acid, vitamins B6 and
B12). We will briefly summarize the main findings
from these trials.

FACIT trial [37]

This trial, the Folic Acid and Carotid Intima-media
Thickness trial, recruited 818 normal elderly in The
Netherlands whose baseline tHcy was in the range
13-26 wmol/L. Active treatment was daily 0.8 mg
folic acid for 3 years, which led to a fall of 26%
in tHcy compared with the placebo group. Three
cognitive domains relating to speed (information
processing, sensorimotor, complex) showed declin-
ing scores in the placebo group, whereas memory
score improved in the placebo group (probably due
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Table 2

Essential criteria for showing that lowering raised tHcy can influence the outcome

Risk factor:
baseline tHcy or
B-vitamins®

Qutcome
measurement

Absence of
dementia at
baseline

Duration

The exposure (risk factor) to be treated, elevated tHey or sub-optimal B vitamin status, should
be present at baseline so that treatment benefit may occur

Sensitive tests must be used for measuring the outcome of the trial such as individual

cognitive domains, brain volumes by MRI
Participants should not be demented, but should be at risk of cognitive decline or dementia

Should be sufficient to measure a clinically relevant change in the placebo group, e.g.,

cognitive decline, loss of brain volume; probably at least 12-24 months, or longer if
conversion to dementia is the endpoint

Vitamin dose and
combinations
participants
Sensitivity
analysis
Subgroup analyses

of B vitamins

Simple dietary modification is inadequate; a combination of pharmacological doses
(especially of By2) of B vitamins is needed, sufficient to lower tHey in the majority of

The protocol should pre-specify analysis according to baseline concentrations of tHey and/or

The protocol should pre-specify data analysis according to factors that may interact with the

effect of B vitamin treatment, e.g., omega-3 fatty acids, other dementia risk factors and

anti-platelet drug use

#In this table, the term ‘B vitamins’ means those that are directly required for homocysteine metabolism, i.e., folate,
vitamin B2, vitamin Be. Vitamin B> may also influence homocysteine indirectly via its role as cofactor for MTHFR.

to learning effect). Folic acid treatment slowed the
decline in information processing and the effect was
greater in those participants with baseline tHecy above
the median. The folic acid group showed a larger
improvement in memory scores than the placebo
group and also showed an improvement in a com-
posite global cognitive function score. The authors
estimated that folic acid treatment gave an individ-
val a performance of someone 4.7 years younger for
memory, 1.7 years younger for sensorimotor speed,
2.1 years younger for information processing speed,
and 1.5 years younger for global cognitive function.
These results show that lowering tHcy can slow some
of the cognitive changes that occur in natural aging.

Alzheimer disease cooperative study trial [38]

This trial in the USA included 340 participants
with a diagnosis of probable AD. Active treatment
was daily 5 mg folic acid, 1 mg B12, and 25mg B6
for 18 months, which lowered tHcy by 26% (from
9.2 to 6.78 pmol/L). There was no significant dif-
ference between the placebo and active treatment
groups in several cognitive and clinical measures in
the whole cohort, but a subgroup analysis showed
an interaction between baseline Mini-Mental State
Examination (MMSE) score and B vitamin treatment
effect so that patients with a higher MMSE at base-
line showed significant benefit from B vitamins. A
similar effect was seen when patients with a base-
line Clinical Dementia Rating (CDR) score of 0.5
were studied: B vitamin treatment slowed the rate of

decline in MMSE over the 18 month period of the
trial (see Fig. 7 in the review by Smith & Refsum
[8]). These results suggest that B vitamin treatment
may be effective in patients with mild AD but not
in those in whom the disease has progressed to the
moderate stage.

VITACOG Trial (reviewed [8, 9])

The ‘Homocysteine and B Vitamins in Cognitive
Impairment’ trial was designed to see whether low-
ering tHey by daily treatment with B vitamins (0.8 mg
folic acid, 0.5 mg B12, 20mg B6) for 2 years would
slow the accelerated rate of whole brain atrophy in
people with MCI. Secondary outcomes were cogni-
tive and clinical changes. In the 168 participants who
underwent MRI scans, B vitamin treatment lowered
tHey by 30.2% and slowed the rate of brain atrophy by
29.6% compared with the placebo group. The effect
of B vitamin treatment on brain atrophy was markedly
influenced by the baseline tHcy concentration: Partic-
ipants in the top quartile (>13 pmol/L tHcy) showed
a 53% slowing of brain atrophy rate. A strong effect
of baseline tHcy was also found for cognitive and
clinical assessments: Only those with tHcy above the
median (11.3 pmol/L) showed significant cognitive
decline in the placebo group. B vitamin treatment
slowed, or prevented, cognitive decline in those with
tHcy above the median for episodic memory, seman-
tic memory and global cognition (MMSE). B vitamin
treatment also had a beneficial effect on two clinical
measures (CDR and IQCODE) but only in partici-
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pants with tHey > 13 pmol/L. Further voxel-based
analysis of the scan data from VITACOG showed that
B vitamin treatment markedly slowed, by 88.5%, the
rate of atrophy of those brain regions that are most
severely affected in AD. Bayesian directed acyclic
eraph analysis demonstrated the following causal
pathway:

B vitamins (mainly B12) — lower tHey —
slow brain atrophy — slow cognitive decline

These results are consistent with the view that low-
ering tHcy in those with MCI1 who have raised tHcy
slows down progression of the disease [9].

It should be noted that a pest-hoc analysis of
blood samples from participants in the VITACOG
trial showed that it was only those with a good omega-
3 fatty acid status at baseline who benefitted from B
vitamin treatment with a slowing of brain atrophy
and of cognitive and clinical decline [39, 40]. This
result suggests that in future trials of B vitamins, it
will be important to maintain a good omega-3 fatty
acid status in the participants, or to administer a com-
bination of B vitamins and omega-3 fatty acids. The
VITACOG trial also confirmed findings from the car-
diovascular trials, i.e.. that use of antiplatelet drugs
may interact with the B vitamin treatment, with ben-
eficial effects limited to those not taking the drugs.
Interesting, in VITACOG, use of NSAIDs did not
have the same effect as aspirin.

Overall, we conclude from this summary of the last
of Hill's criteria that there is a great deal of “exper-
imental evidence’ consistent with a causal role of
raised tHey in cognitive impairment. The many trials
that have reported no effect of B vitamins have all suf-
fered from Aawed design, i.e., that the subjects were
unlikely to respond, or that cognitive decline was not
demonstrated in the placebo group.

CONCLUSIONS AND FUTURE
DIRECTIONS

We conclude, from the analysis of published find-
ings according to the principals proposed by Bradford
Hill, that raised tHey is a strong and modifiable risk
factor for cognitive impairment and dementia.

Some potential public health implications fol-
low from this conclusion. Screening for raised tHey
should be carried out in memory clinics and those
with raised tHcy should be offered supplementary B
vitamins. Such a procedure already occurs in Swe-
den [41]. Furthermore, a modelling study suggests
that this policy would be highly cost-effective in the

UK [42]. It will be important to identify a thresh-
old tHey concentration above which clinical actions
are taken. In the latter modelling study, a value of >
13 pmol/L. was used. This is the same cut-off value
used for recruitment into the FACIT trial and the
concentration at which B vitamin treatment in the
VITACOG trial had clinical benefits; it thus has a
sound basis. On the other hand. cognitive benefits
were demonstrated in VITACOG at levels in the
range 11-13 wmol/L and > 11 wmol/L was the cut-off
at which significant atrophy of the medial tempo-
ral lobe was detected in the original OPTIMA study.
Furthermore, a concentration of 11 pmol/L was the
threshold for the association of tHey with impaired
spatial copying in the Normative Aging Study [22]
and in an epidemiological study from Scotland, the
incidence of dementia already increased at a tHcy
level of 10.8 wmol/L [43]. Should these latter find-
ings be confirmed, then a threshold of between 10 and
11 pmol/L may be more appropriate. Threshold con-
centrations of 10 to 13 pmol/L would be well within
the normal range for tHey found in the elderly [3].

There is clearly an urgent need for a large inter-
vention trial in accordance with the criteria shown
in Table 2 to see whether further cognitive decline
or conversion to dementia is slowed or prevented in
those with MCI who are given supplementary B vita-
mins (ideally together with omega-3 fatty acids). The
results we have summarized suggest to us that such
a trial would probably succeed if, but only if, the tar-
get group is likely to respond, i.e., have initial high
tHey and/or poor status of B vitamins involved in
homocysteine metabolism, and if the trial has suffi-
cient duration for those in the placebo group Lo show
further cognitive decline or dementia. If further large,
well-designed trials confirm that lowering tHcy slows
the development of dementia, then screening of tHcy
should be expanded to include all people over 65
vears, i.e., the age that the rate of cognitive decline in
the population starts to accelerate.
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