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The Cognitive Neuroscience of Aging and the Cognitive Reserve

Hiroshi YOSHIZAWA and Shinichiro UCHIYAMA
Department of Neurology, Tokyo Women's Medical University School of Medicine

Aging affects brain structure and function, and these changes may lead to age-related cognitive decline.
However, there remains debate with respect to the aging mechanism. First, the decline of cognitive function is
not homogeneous. Some cognitive domains are maintained while others deteriorate. Second, many neuroimaging
methods have been applied to examine age-related differences and changes in brain structure and function. How-
ever, detailed profiles of neuroimaging data have been inconsistent. Third, the presence of disease-related brain
changes does not necessarily imply cognitive decline; some individuals with severe Alzheimer disease pathology,
cerebral infarction, and traumatic brain injury are non-demented in life. These patients are considered as having
higher cognitive reserve, which is associated with a lower risk for dementia. Education, premorbid IQ, occupa-
tional attainment, cognitive-stimulating leisure activities, and exercise may reduce the direct relationship be-
tween the degree of brain pathology or damage and the clinical manifestation of these changes. This review cov-
ers age-related cognitive changes, aging effects shown by neuroimaging, the concept of cognitive reserve and the
importance of cognitive training.

Key Words: normal aging, dementia, cognitive function, cognitive reserve, education
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2EZDHEAAROERLIZLEHEORTHEEIR
WTBY, BRICERILES~NEEZALTWSEI L
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Lo THITLNEZVHEDOTHD, #LOMNEFELTER
5. BOBEEE D IEIC X o TEbz SR &N,
FAIBEEE, FRICRECEMERLERE, ETHRE
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1. IEREIZH T 3RBHMEEDNZEIE

RABEERE (W OHEMRE) &, FICRBCHE
A KRB E DEE &, Z OREELIER S h,
BB UTEORBIABEREN profile 23572 o T
WA EDRENTWAS. AD TIE, R S8
BEFARIFICTD, v CRZEMBAEELZ RV,
T FITHREEELZROLZ LB LW, i Lewy
IMERIZRAGE CIE, R O HEMRNREE L ER
BENEDOOLNL. L THFIHENELL DR
WIEHEZELICBWTY, —EBORMERIZETLT
W ZENDY, BRBHEICBWTIE, RMERE
WPE D FRANPRARIKT & BAREICX B 5 Z &K 5
N5, L2LaDS, W RMEEET L IEEE
1B ) RRABERE IR T, WHESEMITIZXBIL 2T
b, BREICGERES DY, —HEETLIHED
HoH0, RPTsZLRAESTERV. EFEEL
WCIEEAZERDH Y, & IREENT RN 72
ERICALDRAMEEELD, TOMAZED RLITH
B8, JREZEHELE IS BRERE OB
X1 LIS TR WD TH 5.

ERRIB T CH W b 5 RAIREERAE, HEMC
ZEMBB I L ICESHEBIOIERETF— 5 2D, &
BALSN TR IEDPETF LV, $25REDR
SIMERE (GRAMEBED T K X 4 ¥) % 4R 3F4M
LIBZENEENG, BAMEOTMIEAL L
i, BIZIESEERE, FOERE), HLZEmEAEED,
TEE R/, BITHRER & CH 5. HITHERE
T SICHIAE s, MERIL, TEBhRLIR, MR
Bk, EEEROEE, MZLRET), MEIdEEELR &
Fons, FOFNFROTH AL YiZFhZEh
ORI T INTWEEZEZLNTS

Table 1 Correlations between neuropsychological
test scores and age in normal subjects

T p value
RAVLT. T1 (immediate memory) —0.248 0.002
RAVLT. T5-T1 (memorization) —-0.043 0.316
RAVLT. T6/T5 (memory storage) -0.162 0.036
ROCFT. copy -0.130 0072
ROCFT. recall -0.337 <0.001
Digit span forward ~0.167 0.033
Digit span backward —-0.298 <0.001
Semantic fluency -0.308 <0.001
Letter fluency -0.151 0.053
SDMT —0.661 <0.001
Stroop test part 1 (time)
Word reading -0.331 <0.001
Stroop test part 3 (time)
Color-Word reading —0.556 <0.001
TMT A 0.464 <0.001
TMT B 0.508 <0.001
WCST. CA —0.266 0.003
WCST. PEM 0032 0.371
WCST. PEN 0.092 0.174
WCST. DMS 0.242 0.006

The scores of RAVLT (memory), digit span forward (atten-
tion), digit span backward (working memory), SDMT (divid-
ed attention), Stroop test (inhibition/cognitive speed), and
Trail making test A&B (divided attention/cognitive speed)
were negatively correlated with age. No significant correla-
tions were detected with age in the letter fluency test and
perseverative errors Wisconsin card sorting test.

RAVLT, Rey's Auditory Verbal Learning Test; ROCFT,
Rey-Osterrieth Complex Figure Test; SDMT, Symbol Digit
Modality Test; TMT, Trail Making Test; WCST, Wisconsin
Card Sorting Test; WCST. CA, WCST. Categories Achieved;
WCST. DMS, WCST. Difficulty of Maintaining Set; WCST.
PEM, WCST. Perseverative Errors of Milner; WCST. PEN,
WCST. Perseverative Errors of Nelson.

D, IEIC & AROBESHEOZIILY, MimZ L2
BHETRE AL VICEoTRLBWEEERNH 5.

Salthouse” 1%, &I Z MERATFEIZ B3\ T, BE0HE
BEDMEEZELIZ DOV TIRET LT 5. Fig 1128
T EHIE, RABREOMEIC & AT X, RAbRE
DFMRAL VICEoTRRLZ LD DDIE. Bz
150 BLLE T, NI X D LB R Speed, L84
77 Memory (ZZEIAKT§ 200 LT, SaEMERE
BE Vocabulary Knowledge % &3 d % ) 21L23 % »
» LLAEEFLILLHA.

Hox OIEFHICBIT 5 BAEREICHE L TORET
b, ORI L HIMECHE D BEOEVDHER S
7z (Table 1)®. BIEHIED SERIEOFHMOIERE L
% % E RO FEEERE (letter fluency) & P22 3R
MRBETH 5 Rey BN G RE (the Rey-
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Osterrieth Complex Figure Test (ROCFT)¥) i
WICL BRI LALRTRVOIIH LT, EE
NOWETHBHFONEE, MHEEOHETHS
Symbol digit modality test (SDMT), Trail Making
Test A (TMTA), TMTB, EEiLEORETH 5
oG, SEEERAICBVTMRICEAET
FHEIURENT2. & b OFRABEEE DI T 5 M
FPEIE—ARETIZ R <, INERIC & DT LR WA
R BEIC o CHRANIBENFETHI L
BHLNE o7z T2 OWFr S, BHEHIED
b OFAITHERE executive function, Bl 2 (M, HHk
1k, BEEEE R LD, FRITMEIC X 528
BEZITAHIENbPoTEY, ATEEMRIRG
frontal aging hypothesis® 2 /RIET 5 DLV Z 5.

EFZEOBABOWRLIBRL T I LI,
e B R T BB OB B LAFICE
EThY, MEEoORMBEETZHEZLOL
o THB L2WI ST LRI % b v,

2. EEELICHE T ZHBEGOEL

1) JEREMEI{&

IEFEIEICE D OB LICE L Tidon g
THLDWENENTETWES. FIED MRIAKETH
B& VBN CIE, X D IKAEOFRIZH
FEPLVFEAMICED LIG®, FICHEETORD
MHHIMDZ L, b ICAHREIT 40 5% T TROBED
AONB728, UFROFEREE(LZET LI L
PRENTV D, SRR DR E VREEE L
T, ERBEE, B, BXUHEEIRETH
D, BICEBOREND S E LT, Rk
BB, RANEFRHT SN,

T2 BFEE MRIICC LI LITAEICEESEHE
2%, white matter hyperintensities (WMH) &’
N5, WMHITIERDZE L A SNV EEEICD A
s, WMH ORISR E R REEHA kL
FVF =V ATHY, BT T R EAEBEEO B
HEeRBLTWwWRLEZOND. MBI RDRER
BERTH A0, BMESCEREL, —&MEMFESE
DR & & b BRDTEY. Ik & 5 WMH & 38
MR EIIFERICERT S 2 L4 OB TH
BEEINTnBY,

LW E{SIRNTE: Cd 5 diffusion tensor imaging
(DT R4k B s 34 | 4 diffusion weighted imaging
(DWD) % B\ T HE DOB/MNAKEER 2 T3 5 AF
LA SN, AIHEHER L v XKD average
diffusion coefficient (ADC) A FE & A § 5 Z &
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R, POWMHBPLREESE BRRRBIZBT 2
fractional anisotropy (FA) 2SI#EIC X VK T35
EREDPRENTVEY,

2) PEREEIE

EFEMEICHE S BoMebicB L Tid, 4% T
positron emission tomography (PET) % F\v» 72884,
#OWER single photon emission computed
tomography (SPECT) % > 72 BX I HE Dl A% 7 &
NT&7 Zhb0% i, HEEOFMIP»LN
BIZE, RISAIRE, Ve AREAEEE, B
UBZETRINLKOETSAOND Z L2 HELT
wa.

A DIEFEEENG L L2 FDGPET I TDH,
FRRICRIBEEOEESZRE L TWwb. 34~76% %
TORERA 1238012 FDGPET %1T-72 & 2 5,
Fig.2 ® X ) i ic bW arBEEANMNE, mIEEYT
AV, BIBEZERTE OB MET LT 5 Z EAVR
BN INEIC X D EE, ZTREOERT AL
n, Tt oOmiELHET 5HEEOMIRET
AR E N B L) BB EENE R EL frontal aging
hypothesis” 2 EF 172 bDEFR 5.

B T O EALBFZEIC B W T, functional
magnetic resonance imaging (fMRI) % H\72%
RN G tool & LTERLTETWAS, fMRIIE
BOLD (bolld-oxygen-level-dependent) %5 & L T
RIEBZ BEMICHEY H$ 5T, neurovascular
coupling &\ 9 MFEIEE) & MBI BELL TR
BRLTWEEVWIHEIEILNTHS. Th
T TOMAETIE, BEREATIE, REREIIBT
fMRI GRERIC BT, LEORERME L THITHE)
ROEB) Y — > OBALHEH SN T 5B, RIS
BbsMDE L DFEIFIIBWT, FORGHIXET
L, BEREOKTEXETLbDEEZ LN T
5. Lo L—EBORFZE Tld il O SR RS M 18
WCRIELET A L 2RLTEY, IHITRMRE
LT, EDFERKISHEL X9 &7 HRMOMRENE
TALTH D I EDRBENT VL. BLH MNEIC
P PR DOBEBEIR T AR 2 A1, AUEMEAR RS
FICBEREUEELREL, RAREREEN LY E1T
L7 REE T ER DTS @03, RIEETO
NE =Bl B2DTHAY).

3. T imae

ChFETICHEEBIC TREZEMIC AD L
EBWESNBZEORTD, AR A SRR
BTDBAR SN Do BN —EDHETHFELTY
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Fig. 2 Effects of aging shown with 8F-FDG PET
The spatial distribution of glucose metabolism negatively correlated with age, after adjust-
ing for years of education and MMSE score.
A: Axial View; Left hemisphere is on the right-side. B: Glass Brain View.

HIEDMESNTERL. FREEORKESE X
- BEERAME R EICBWT, BEICL - TEFORA
BEDLANUHPRRLLZ LR, EEOKBADLKE L
BBl EARENTER. INOHOEEE M6
HOFT AD O FHE R RS I EPLT B B O T
BAFoTWwAEEZZONTWS, IThE TIZTFH
fEE LTHER SN TEb0E LTI, FIRIEHO
BRETHo720), HEBESLHERE, R0 1Q, Rk
EHREETHH720D T 5.

I BLRMORERE, WE, BERER EORRESE
B7 K & S 3K FHERE (brain reserve) & N, A
R R R LT, RRAMRKT 25 2T
FCOMICYF T AR 2 —1T Vi EOBREN A
s B L ERIET L. o L CHBERERLHEIOM
BIEBIILEREN R B (cognitive reserve) & X,
BHEHI, R A Y VT — 7 2 EHT 6
LS5, o F b BN iERE 3B O hardware
NVOMETH - T, dBHITHHREIL software L~
OFBRME, WA EKT S, S HICRMTMERID
HIE P AE (neural reserve) & MRERERERE (neural
compensation) (24 S s, METFHERES X, &
BABITTARBORAA Y N7 —2 2EHAT L

DR EBBOMAEDZ L THY, MREAHERE
Bl ld, WREED L X2, FRFEFTHEHL TV
BEORy NU—27215Th, Lty bT—
yRREBEOF Y NI — 7 % BIMLTHRAT 58T
H5H. EHS LA AD & & ORBEAL L IME RN
1818 (traumatic brain injury : TBI) 7 &DEEIC
Moo 72k &0, JREEMZALIT L TRRRIBERE = IR
THEOICAEMMM EEIOLNL.

Richards 5%, EE T L7210 50 E 4T
22128V, 53 REEOMERE (EE IQ) &, /MR
OBk, BBEE, FLTHRAL T LOMEE
Wk o THSLICEE R ST Tnb I & a2/ S ARITIC
YR (Fig 3). ZOMRIZLY, FBIFHEEE
BELLZDDTERL, NEOWHILLERIZE
VT B HIRIEENC X D B A T B ITREEDS R ST
Wh L LENFNOEZROBMEIE—HTIE% <,
BLEERZITEDIZZDOND S RFFORIMERET
HY, BT HBLAVEES TS, Ll
B AL Th 5 ORI 53 DM ERIZIESIE
CEBLWIEDPHLRNERoT.

ZIT, TR ETLLEAONTEL
BE, RN IQ, BE, ABEH, EFHOLKERIIO
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Fig. 3 Lifetime contributors to cognitive ability at
age 53 years (based on Richards and Sacker, 2003)
Values refer to the regression weights in a path
model. The path from cognitive ability at 8 years
was strongest, followed by education. The path from
occupation attainment was less important.

W, HERDBEMIEDFRITOWTHEBNICAENS
NP

1) HE

INFET, LLORMTFMEOMIETIIHEREZ
FiEReOIIE L LT\ 5. Metaanalysis 12X 5 &,
15 BOIEFAFFED H B 10O IETHBIC L 57
BRI T IS 3 B BFENBIRP R SN, BRELT
AR T A RTEREBEIHFTICLY 47% B
LB EIRENTWBSY. Frt OFEBTONTFFEIC
BWTH, HBERIPBWITZEMHERLE (working
memory), BrigbeN], AEEEEOREREN BV
ZEHIIRENT(Table2). HBFICL - T3FEFEL
FAAL VOBIRENFBIND Z E2RBL T
52,

2) R IQ

WD 1Q, T % b BRI T4 U 5RO
MHEREDS, TOBROBIAVERIEY X7 2RO L9 L
W BRI RS, ZR 0 OFER 5 I RARE
BB T 2 k3 MEBSRIIWATO IQ I & b 42% WA
LI)AZEDPRENT VA,

3) W

MBI B CHE T 5 2 LI X 5B
BT OFRRRIES, 15BOBFED S H 10 DR
22 TR E N7 $EIZ Schmand 5'91%, BERHAL &
EHB AT OB OBRICIOWTIRG L, FEoH
MEERID LA, NEOTTHEL DT EE
BRI T O TR 2RO 2 &
2R LTW5A. Meta-analysis 2* 5 HIAICE WK
HELTWHEIL, £ THrVWEILHNRT, FXo0
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Table 2 Correlation between neuropsychological
test scores and years of education in normal sub-

jects

r p value
RAVLT. T1 (immediate memory) 0133 0.069
RAVLT. T5-T1 (memorization) 0.110 0.110
RAVLT. T6/T5 (memory storage) 0.053 0.277
ROCFT. copy 0.229 0.005
ROCFT. recall 0.002 0490
Digit span forward 0.115 0.105
Digit span backward 0.151 0.049
Semantic fluency 0.170 0.034
Letter fluency 0.256 0.003
SDMT 0.374 <0.001
Stroop test part 1 (time)
Word reading -0.331 <0.001
Stroop test part 3 (time)
Color-Word reading —0.556 <0.001
TMT A -0.248 0.003
TMT B -0.209 0.012
WCST. CA 0.025 0.399
WCST. PEM -0.024 0.404
WCST. PEN - 0.066 0.250
WCST. DMS —0.056 0.283

Education level was positively correlated with performance
on the digit span backward, semantic fluency, letter fluen-
cy, SDMT, Stroop test, TMT A, and TMT B tests.

RABERE T 2RIk E 4% WA L) B2 &
MR EN TV 5,

4) #BIEED

M RBEBH~OSBINE, AD % £ ORBAER
BORERL TIF5H LW BAMRIZZ2INT
&7z, BB AC o THLDOEFAY A IVIZFRH
R T 2O LEZOLNTVSE. ThETIZ
6 HDRFFET, REBEREHBI RO D 5 KRGS
XD BANEDRIEL TR ARV DH D Z LAUR
ENTHBY, HROBIAEEEIEDEBEE 50% W
LLHIBEEND.

5) EH)
BENIEELZMEICERL, S MHERE
DFFERECEDETZD20T I LIEHLNTH
B, BEBEREICHTLEBIBS M SN TE
7z, Z0% L, BN BARNEENIBRE O R
BRIET 2T 2EEEZRLTBY, FICFBREE
B ORBABAEIT T A2 UERR IS < O ARRIZ
FoTHROLNTWES. Gl XBRERNEERE
W2k U Cirb iz ARG 51k, EEIREA AR
TIEAHIREICIL L, (DB OG5 R RAE BB
B L THERREIB ONZZ EAVRENT. B
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Fig. 4 Effects of education shown with BF-FDG PET
The spatial distribution of glucose metabolism positively correlated with years of educa-
tion, after adjusting for age and MMSE score.
A: Axial View; Left hemisphere is on the right-side. B: Glass Brain View.

EEICBWTH FINEENIEE IS B S E %
BT EVIEDR L INTVAEY. FARkICE MIB
WCHMHR BB AIESE - AIIEE - HEEOREE
DWLHIFITELTHMIELALNTVEY,
FEEC L D FPHIRARIIFICEFEOL ZIZR SN
3L, BEIBIT LR T FHUREDH L
LEZLNTWA,

4. FRENTFHBEDEEEE &I

R PRAEICE T 2 TREBEGFEICE L TIE, w
COPDHRT BHEMEON TS, EFEFE
DR DR L B & OBRE B L 2T
X, MECEOHELEHALZEE2RLTEBY, WA
FEATA E W ERRMRRE S S VW Z LA RE s T
59 FRBEEBEENREVIEEAD BEICBVT
JERPBETH B, 5 VITRABEREE T OMEH
BVl wIHnd H27" LrLIUERERD D
D, MO L BT HEEIIIAEA RV E T 53R
HLHBHY.

TR T REEICE L CTirb AR R R 5E 1
I b7z, FRAITFIREEICE T A E Rz 00
TR L7ZDEBEZENFEIC L AMOERETH -
727 ZOWETIE, BIZREOHRRNEEE 2 RT

AD B¥E %, B¥EME (K¥EU L), PEERRER
(MEEREEL V), REEF (BFELUT) 03
B, B E e Lz, Z2ofR, BEERE
WBWTHIEEEEEOMMBK T2 R EETH-
7z, COFER, EFEEFIIBWTIIRAMEERREE
PEETHITIE, LDRVWIREEWNRE{Le %7
HIEEERLTEBY, MOBENREMEICENT
BRNEPHEICLDELN TS T & &2 BEEMIR
LTw5h.
FADOIER&EIZHET S FDGPET ORETDH, &
SRR SRR RE L 0 b A EEROBE A DS R I
&<, BHTMEEN BT &R FERO LM A
BVl VI REENE SN (Fig 4). HTF L W HEK
B 72 A ADMA S DB OBEER) - fEERZELZ 5] &
B UGB WReERH B LFR 5.
PLEOBESIFFEILERY (static) b DEAR TS
EWZ B, FOBITENR (dynamic) RO KL &
HEMFENEARE 72572, IMRI % FH W72 3RS
PEORFFETIE, L) EVERAFHREEL FOHAICE
M U3 A Mo RS IE & BiF/h3nwZ &
AARLTED, &0 [FHFRIZ] MeEAL T2
Wz b,
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Fig. 5 Suggested neural substrate of cognitive reserve
FDG uptake correlation with RAVLT total score only in the low education group.
A: Axial View; Left hemisphere is on the right-side. B: Glass Brain View.

BOI OREREMIIRIC & % B Pieae ORFZRIE, 320
FEEAT N 5 720 &) W) TETRRAIZER S LT
BhE) BB 7o FERIZIMRI 2 W Twb
bOD, HTwadDIFREIIHTENT+—<
ADBENTIE R L, BEOEEY B2 2T M
DAY bT =2 BIERTLAATH D, ERNRE
AHELTE, HBRELRCIHLRELZGFZAAHDT
e <, 4 ATIE U 72 3R i 5 RE & el L
B P AV WEIIT LTI LW ERE L, JRA
FRREAME VI LTS LODOREEZ 52 5 2
LIy, HOLEREELHET S, £ L TEEERE
WIS CTHREOHS E 2 R4 IZ EIFTwE, R
WHET AN Ay hT =2 HHL L) LV D
DTHAH. TORFR, BAMTHEDPBERVEITENE
WL, BEOMPEN LSS L EIEENICI—ET
IVBIENE T AZ EAbh), O L FERMT
TREEAMR VCFIIRBEEOIERICE L, X AR ED
BNl W) I ERRLTWAS, DF )R TERED
BWEORMFREEOMBEBEZ RLT HH DLW
25, FRELIlHBENEVREDEEIE, &
MFIREEAMEVE I, A TFREES mWEAEH L
VDB D BIES AR LILTB Y, REESR Y b
T— 7 FIERHLTWAZ L ERLTVEY,

EADLEWANEWNRE L/ FDGPET 25T
MARICRTBAEOEER A RE LT A, FEHEZR
TP HEsEVE (KEEFRCVE) LERVWEE (3
BREEDCE) 1002 5a10, AT FEEESE W
BT, REREORRE L EOMBEA D S RE S
EAIERD 5N Do 2DIH L, RATFiHEIME
WHTHE, UBEEAMET 35138, RSO
HWMET LTV (Fig.5). 2oz &, BATFHee
PEWEETE, ITEREHMETL LT
AR FIZIZE o 2wl LT, T
FEDMEWEE T, ATEEOHRHEMR FT 25612
1, RO FICEELTLE) 2L EKRL
TwWhb. ThbbFPMENEVETIE, RORRRK
Tzt U TR MR REAME - N BN AH D, MOF
REMY - BEREMOME A0 L CHRILT 2 0% & v )
TERIRLTWS, BEOH R PRAE DR
ELTCWEHRATHEERIMINEEREREZFODTH A
J.

5. R%n3l#E (cognitive training) DT&E|

DLED X9 B FREEDO—EOBZEN S, JHAT
DORBATEEDMOTLEEN S 5V IIHRER AL Z 5] &
L, AD ORBEICIEIL H 5 2 LDREBSINT
W5, FIUITRATORBAEIETH 5 1Q, ZIT-HF
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LAV, GEET B RO BME S RGN 4 RIRIGE
DALY, TEPLOBM L —= Y THRRO
AR T 2P L)L wIZEZHTHAE. &
ML) NE ) TIT ) BAFIRZ TR L, wh®s
[B4 b L™ % [Space fortress game training® 7 &
O -2 ETND. BN RIBRERET 2
FHEFIEL AT 2 FHMREET 5089 i,
BEOEERERLYNEYVRZBAIrLDEELRR
HETH5.

EIRIL, BB RAAL v, TbbEE B
ZEOLERREE, HERRTR & OBEIBMOMERE T EIRMIZ
BORLIFET A EICE o TRARNEZED DR
ATHDHH, NEFTOMHRDOEL IE, LR
MEX A YHNTEIEBEDRGRDOONLSOD, fll
ORI THBENRS R R L3 edpol. OF
DElE - LR - Mk CEAOBA N AL V%
IR B34, IR L 72 UHES A O BE S ER R
EAHNE I EAIRENTDS, HIE B2 HERA)
BPBONENE ) PEEERORETH 5.

BhWIC

Successful aging (f@EEE L) &%, Sl oT
b, AR, BN, HEicERETWwLHRLZE
AE9. ERMIZLIFHOBEETZRNRICLE
A0, FARAY 2 THED % MR Ll ), MRS 20
BlizowtldroRAAEZROULET 7 7o —F
ThY, NEIGHEL, WRELTEFETLDIT,
I ERISHEIGT A Z LS E T NA. KRS
WHIZ & B MOTLRER - BRREM 2 (L RAERE DK
TOAHZALEBIL, TNOLIIHLTHARNLR
TIA—FEEZ T LR, BRbIaRICE
GRERSEZ I LD & L EREETIRARICEELRE
HThrH)LBbhs.
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