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Abstract

Major Depressive Disorder (MDD) is characterized not only by low mood but also by severe motiva-
tional deficits, primarily manifested as apathy and anhedonia. Previous studies have found that
these deficits are concentrated in impaired effort-based decision-making (EBDM), significantly im-
pacting patient prognosis and exacerbating social dysfunction. However, the specific symptom di-
mensions of motivational deficits in depression remain unclear, and the computational processes
and neurobiological mechanisms underlying these decision-making behaviors require further inte-
gration. This review aims to clarify the similarities and differences between apathy and anhedonia.
Using EBDM as a core paradigm, we systematically reviewed how patients with MDD behave when
balancing effort and rewards. At the same time, by combining subjective value computational mod-
els with neuroimaging evidence, we analyzed the computational and neural basis of these motiva-
tional disorders. This work provides a comprehensive perspective for understanding the pathology
of motivational deficits in MDD and for developing targeted treatment strategies.
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1. 5|8

FOAIIE B #0AR B 15 (Major Depressive Disorder, MDD), & —F 4 WL RS #fng,  HAZ O IR IE 15
FRE B ARG  DSERIBOR BUPURER G, 0 EBEREIR . SACFIA I DI ESF 2 77 1R 14055 (World Health
Organization, 2017; Mclntyre et al., 2023). AEGEHIEIR ST i EEAEPERFIER F, (HBRRBZ 1R
R, BNHLERFE IR B & o — AN [ B 4E B (Northoft, 2024) . #IEIEE B 1) SIHLER G 32 ZERIUNE
JE& R 1% (apathy) FI PRI G 2% (anhedonia), ‘EAIFMAFEAE, 5 0 ZRAIT SN B & IR 5 R XU 11 B ™ H
HI4t 2 T BE 45 55 5 )M 5% (Steffens et al., 2022; Connors et al., 2023). & BIR IR (Apathy) & XN B ¥5 5 17)
179~ AR IR ek sl , 177 PRk 2% (Anhedonia) Tl 6 i 4 440 56 B8 77 3% 25 (Lanctot et al., 2023; Post and
Warden, 2018), PEMEFILFEIHIL, (BE—ERE L AR ML, & BP0 HRR 4 AR 1) 22 Bt Al
PR X (Lanctot et al., 2023; Levy et al., 1998; Batail et al., 2018). JEIE & ISR, XF TAEHH %] 1 &4 HE
RERHE A AT #E 1 ¥0 97 B A .

TEAT NZH, S ERE S PARE N3 T35 11 8k 28 (EBDM) 5 (Salamone & Correa, 2023; Brassard et
al., 2024). WFFE—FORI, MDD B n) TR 55 AR5, Sk 7 HR 55 75 BUAS IR RBUR A 1S 0 B ok 4
JBh =B WA A 1A 2 /R (Cléry-Melin et al., 2011; Zou et al., 2020; Treadway et al., 2009). ATRANER 7N FAHL
i, TR A EWANME SV BB F T 70 2 5 5 55 1 U S S (Y ee, 2024), 455 TMRI ZEHIR,
A] 2 S S ME VPEAS 547 BB B DG 1) 5 I £ (Kuhn et al., 2025; FRE 5258, 2016).

A SCINEIAT B FEEEA b, IR AR SHIARAE s ZhATLREAS A [FPREIRZEE,  BIVE BR B AN PR ik 2K 1)
MR S 5\ IF B s/ 24 EBDM AR AR S HLERFE I AZ 0 AT RTE N, a5 5 B IR E B 14T
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RIVALS AT FM B0 T A R, IR BUEEAY e S aT ot 7E R IR 5 ARSR I 05 11, D9 B AN T T4
AR SR RS SR AL SR S VR A

2. HEBRE Y ENHLERBA
2.1. BRRRERITRE

2.1.1. ERERENEN SHE

TR, 15 BRI (Apathy) (N HIARSE B — MOz B AR 4R, IEH A2 2R H R ER . 15
SRR A — M ENHLIRGR MBS 2 W 23 G4, AP SE B AR AT il o 17 I8 s S ek 55 A0 ) FR IS0 R R B
(Marin et al., 1991; Marin, 1996; Levy & Dubois, 2006), ‘& W, F— L 238 47 M98 W B /R 25 1 BROE . T4
BT, SRS B INANARSE . RSP 240 A (Pedersen et al., 2009; Nobis & Husain, 2018; Van Reekum et al.,
2005; Silva et al., 2021). 1HBORE AN R Z 20 S & W AEE TR, EME | AR 748 (Pagonabarraga et
al., 2015)0 B 7AEAIGARRER HIAE VR 2 AN F BB, IR A A I\ R — 8RR FEAAAE T e B L
(Pardini et al., 2016; Brodaty et al., 2010; Kos et al., 2017). Husain fl Roiser £ H.ZgiRhfaH, RE/EN—
T 12 W (R 2 LR B, GV A WL 1 8 1 A 4 AR L 5 N B rh mT e LA 3 [R] 7 4 2 A 0 i it (Husain &
Roiser, 2018),

KT WAL, WFFRFRE VP2 4EE AL DR, WA S DU =128 1
2515 IR I (emotional apathy), RITGVEZ 5NN 75 15 BGOSR, RIWIE 28 SR BEAICRGT 22 50 )
Bifk; INHNRB (cognitive apathy), BPfE THRIPIAEDIRE 2, MELLE FAE R H SR FAZUTST 55 DL
B BRI B (auto-activation deficit), R H 33 2 BABFAT NI R ME, 75 24N R 4 Be K EEiE 3 (Marin
& Wilkosz, 2005; Le Heron, 2018). X % 4 B IRHE S A Bl T~ B AR VR B 1 57 o PE SR I S P fENL ] .
AR v 5 & T 2L JF & W1 AES (Apathy Evaluation Scale), AMI (Apathy Motivation Index)it— 2 #/~ T
HAGE MAERESE M, TUESE | HAR IR 5 AR T MBS I2 W E, G J1SCHFE 7 IR E A SE 3 pLe &
H1&H M (Marin et al., 1991; Ang et al., 2017).

2.1.2. FRAMESER

EMRZZTH, A NG BORE N KB IR M T RIA - 52 T [l % (frontal-subcortical circuits) [ 2 §&
PRk, 4l ARLepE & HbRiE S vh Rl e A47 8 8 3 i X (Bonelli & Cummings, 2007). #H£8 5240 7T
KI5 IR AR 7 R BB 55 A #1077 8] (the anterior cingulate cortex, ACC). HE% 7 )2 (the orbitofrontal cortex,
OFC). i H(Insula). SURAAL 1% 2 Se ) S5 F A D) B 7 8 5 3% AH J%(Pimontel et al., 2020; Steffens et al.,
2022). JuHZE ACC FEEARFFE . THGE JIA L KAT R E sh b4 A 0, H D) RejkiB Bk fE
AJ BE R R T s RGBS B R K (Silva et al., 2021; Lafond-Brina et al., 2023). JHt4b,  FE 8T (5 ) = o
SUIRAAR) (1453475 23 500 22 Jil AL BRAIAT s, T AU A5 52 J2(DLPFC) (1) 5 8 W 50 /it R se U i) R
F&47 K (Levy & Dubois, 2006). — S8R FIE K I, HERLIXLEICHETT fUH) B BT AF 4 A e B 32400, 51 K
R M 2 (Torso et al., 2015; Hédouin et al., 2024), XLk IILFE G T — NE AP g, Hpft
AT — IR Z AR ET T R R AT H AR 2 AT IS G, AT AR BRI E R EE AR

2.2. HREKEERSK

2.2.1. RBERENMSSLERE
PRIKER K (Anhedonia) & — MEFR B Z M S, EIFIRIR AR “AmX” , TR IR MALERI IR
IgE ) B BT Feaae RN B RS B 10 R H AR -3 AT A 3 ke . DR 7 2 2
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HIAE RS 70 SROAE 55 2 RS Fo ReRG o 33k 47 £ (Pu et al., 2024), il PRZ W Ay B FEAARAE A% Db
e, WEAR, 35%~70% I HIARE & ik 5 A7 7R PUBER = (Herr et al., 2025). PRI 6 (1 HE B 73 4
(trait) X 7] 5 IR 25 (state) B A (Yang et al., 2013), K5 HUAREPRIBRER AN — BB R 8 . 5 A EREI A M
FEI5T, RS R PRI GRS AR — B AES I OO0 H 2 AMAIAE ) S 3T AR A% OO BEIR S BEAR A0 35 X6 93
165 (anticipatory pleasure)F1¥H %% 14 i (consummatory pleasure) [ JiE (Post & Warden, 2018; Ducasse et
al.,2018). TR I, FIARAE ZE ] RE[R] I A7 AE I PR AL I PRUBER 2%, AR SIARE 1 BRIk 2R AL P S5 4V (1)
SIFVAERFI T e 55 00 R ONEY) . i, ARSI PR kih 2k 1R R B2 R 0% 000 A7 B AT i A8 o 72 H AR TS
2 5 TR RS B AT R S N R15 10 SRl . (Schulz et al., 2024; Sahni & McCabe, 2025). EHGHF 7
RIL, Ab TG RINACIRAS BN, 2RI B0 2 1t 22 B Eaa S LR e AN e o 17 P R AT
IAZ R AE AR B AR I P2 1L SR e e A 56 e 7T R [ (Pu et al., 2024).

2.2.2. PREEGRKHIRE A

TR b, PUBRBRR 5 RN 2 51 R B DY Re PRl A7 o0, el 2 2 g Re b kil &l ik, W R JE
MR RE IX . ARBEZ AT A 7 2 (Keedwell et al., 2005; Cao et al., 2019; Wardani & Lesmana, 2024). Hif5E
PUR( RSN - W% 2 ORGERAA G, %@ KM IEMHE 55 X (VTA) ZIR BRI (NAce) I 2 T
Belft, I H 5T e A0 2L Rl ) T AN sh AL T 3 M (Gan et al., 2010; Salamone & Correa, 2023), B2 241
XF AT RESRAF AL 2R 2R N, I S I R (1 05 22 IR B A 208 SR 2o TV 2l M BRIER (B0 ) I A A B
ZHARHG T OFC A AR Ik R4, 57 57 g idh 22l i >k 1) BT IE Jak B i 158 (Klaya & McCabe, 2019).

FEAARIE T, — T MRI BFFERI 7T B, 8 R 22 B PR B, I I SUIRAR S8 DX S 37 ) S 35 41K
TARREN: FER G BL, XSS % 2 ARk S, X A PRI R IR LR T JJUEHE (Zhao
etal,, 2024), THEMRIBTFRE—DHR I, PURGRK T RE 5 3 h 7 > IR P K 32 b i iR 22 (RPE) 5 5 4 i
SO, BRI TGVE AR S gh 5L 280 56 R Sk 2 il ¥ 1 22 (Sahni & McCabe, 2025). 1X 48R I 3L
[FIZEHT,  AIRE Hh ) PR BR R SR UE T R 22 A B AE A (B i BOHLIR S A7 > S 56 2 AN 15 _ B DRg
Fi

23, RRRSRESRAHIX A SEHR

KEHFAE— R LIBAT MR SN BRIG S 5 N R 7 ISR ESIARRE R o] 7 5 1k, 3¢
FE T BOR AR ML LR G AR AL, AR H DX 2017 BGAR E HIRE ) T 3K e 95 S5 T R AR e A
FR YT AT Tt it 22 X B2 (Levy et al., 1998; Lanctot et al., 2023). TR &7 o AV BEAIT 78 ) 58 22
B 2 B N (R SE AR SR A VR BB R 118 74.5%) (Groeneweg-Koolhoven et al., 2017). {H HRiI{E
(i PR b ¥R B3 B AN B S AR VRV, B0 B BT — PTG YT (40 SSRIS) AU AT BEX R BT, £
2 0] Be N RILAE AR (Pimontel et al., 2020).  BOMIRAGKT AR B3 iR e M L IR B LI B,
B THESE HEALIRTT R e

TEFNARRE B b, ISR B S PUREREIRIR R I LA REES, & RIHANBE)HIR, FE
BEEERIAR N CBRZF) )7 BRI NGER o XL GR b A A A4S A I R S B R
X7 & BB Bk i (Post & Warden, 2018; Husain & Roiser, 2018). MME& Lf, HAZOXAHTEF ML FE
ARG B o BBl 2k 2 2 — i 5 2 A (B PR A AR SR AE O IR BB, 0 R 1 BTG [ Bl 2R (Kaya &
McCabe, 2019)0 TR R B A& —FhEE T2 IRRRS ,  ANXPE KO0 225 1) S Sk 55, 5 5% Hh SR A A
VP FE A B AR 3 AT IR RE 7132461, RIAT 3 1) B S A4 565 (Levy & Dubois, 2006). Batail 55 A (2018)
X FVISE 53 I PR AN SR 2000 B R A AT LA, R IR IR 5 5 B R O 2 [ AP AE AR O, 371 %
R A] BEACRINARAE *P A [F AT PR IF Y (Lanctot et al., 2023; Levy et al., 1998; Batail et al., 2018).
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TEMEAYS b, G PE W AT - SURARIREE , (A BRI 4 BRI 7E 25 5% . Mehrhof 45
N(2025)38 5 — TRTE 27 R AXAT 25 A TH SRS i L 17 B B L DR R AR GG 38 A 1 4 2 IR E 2 [ 11
55 1K AE (Mehrhof et al., 2025), IXEHIESIHLERFARIZ L, AT REAFAE — L L W TH AR AL
B — e SR W, PURER T K& S I SOIR A vmPFC S5 4% 0 3 il 3R 26 1Y) T RERRAS AR DG, IX S fix
[X. 3 55 47 Tt g 22 5 B AN B R0 D8 R (Zhao et al., 2024) . TIE BRI 5 —ANSE 02 IR LR AR ¢, BT %
SRS, ERE IR T AT [E(dACC) HBIIZ 3 X (SMA) RIS AMIl A - 57 J2 (DLPFC) S5 7E A i1
il B3 AT B B S S B A (1) X 3k (Bonnelle et al., 2015; Steffens et al., 2022).

g5 b, 1 IR R AN PR R SIS AL SR A PR R AN DG BEE2E AR o DRJBR R R ) T 22 R A B8 1 1
SR Ko, TR SRRV TN SR AN BT H bR S AT NI “ATEN” $AT . BAREATHE A HAR B, (e
X o0 NASL I BAT AR RANE TR IR, 6 T FRATT R AR FOARE (0 53 B P« HEAT SRS HE 2 Wi Al F0
FE R ) P T SR IR T SR B G B AT XSS T SR O T RS RERAN, B IESRE Sh AL s 7
FINBRA SR AU I S AGHESE . R — T S T4 o, X — i fEdkAT RGuhi s

3. BT HNRRSHHEHZ S
3.1. BEFHEHHRKSHELAR

ICAERE AN, BIHLERZ AL OLHIAE T A - W AU TR S 1K 57 (Chong et al., 2016; Le Heron,
2018). FETF% )RR K (Effort-Based Decision-Making, EBDM )i i i MM HE 517 Bl AR 5 78 72 [5] i 7Y
TR, BONEASINLRIRZ 0 IE R (Vandenbos et al., 2006; Kurniawan et al., 2011). H A, Treadway I & Y
EERT f£55 M. H 5 9] 72 (Treadway etal., 2009), ZAE 5L RPAXAEA FZL IR MR T, i@k B 4
JIHFE(CAZ ) I BN RIAEFE AR DS, TIPS 85 100 BB ek, X o ShLER B IR e e 1, AF SR
IR T X AR F1 50 /%% F1(I0 N-back) )75 20(Tran et al., 2021), LA R A FIAEBE % B (Apps et al.,
2015)F L5 A 254155 (Bustamante et al., 2024). XEiE RN Z YR AW IR ML T EE T A,

KEI1z2H EBDM Ju s HF LR ) — M% 0 k. Si@Fx A, $ARAE £ #4575 EBDM 1%
28 A i 2 T R TR B AT A% BRI RN G 8% ) AR B BUER P 3 I (Berwian et al., 2020; Cléry-Melin et al.,
2011; Valton et al., 2025), i, 5% 4L EBDM ThEekars BB 06, B ammis Rk s 4, W
FEE a4l s, It B XMl 585 59 B L (Prévost et al., 2010; Bonnelle et al., 2015; Bonnelle et al.,
2016; Le Heron, 2018). Saperia %5 A\ (2023)i@ i tH R A 4T, s 1RG0 280E . FOVEITRE A 50 RE 28
TERIF A - R a5 B AT 8% J1 SR 7 A7 AE A = U MA %2 R (Saperia et al., 2023). 1% %8 % L[] 58 1
7 EBDM i XAEN—FEMMAT AIE TR, H JHuuEse | HPALE S8 (A8 B & s pLERE, I BAEhE
ARYERE W] R 515 GRS FEAR DG . X3 AN RIS AL K55 0 (4 73/ 77) LA S AEAS [F] 5995 AR 4 52 8] gk 47 LE
B A R RAT N TR IRATTRT B AL B AG i (1) SC B8 J7 5] (Wen et al., 2025).

3.2. EMMEHE

TH 5 #2455 (computational modeling)ifT 4F- > & #% A FH 7E RS i it 78 v, BCF BRI . R TI
MFEPBR IR A K EAFRIL(Huys et al., 2021; Liu et al., 2020). A — B35BT A 52 A E
(Subjective Value, SV)IBhA&THH IR, EUWAMEFEE N FMRER 53T 55 0 sk 2 18] 1) 5% R4 T 7
WAESE . AT ARPATEUR T & EH LR SV H, 2Ehi) FWAMETHE AT e th T35 ) B3 55 BOA DR 2217
W2 AE (O Brien & Ahmed, 2019; Salamone & Correa, 2023; Chong et al., 2017). {HiBL ¥ #7iX7E EBDM 1T
25 1 — R A B B B I HE LA B I LA R AR AR, SR RT DL LG AR AN B R e U AR AT N
K .
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BEAE BRI TE R I, AR A R IR RS 1 20 2O v, S BRIt B3 Tl AR, Xt
BE R EA RN PAF R BMAT 385 77, 2B USRI TG 2 22 57 IX R W, 7E 2K 3% 1) EBDM
W, B UBME S S S /EH (Culbreth etal., 2025). #RTM, Valton %5 A (2025) 8L, HHCAE 8 5 N3R35
AT 55 70 B IR PR, R T AR S% 03 S A B A1, T AR55 0 gk 22 B B0 R 503 (V allton
etal.,2025). B, EREFEANMET, BIRAREHEEHE LR SV d, LIRS MEMR RS, Hif
BOR, ERRAMMRN SV BB UBME A SS ) BURME R SE R oM, B AR 2K B B ST R AR
(Westbrook et al., 2019; Yao et al., 2023).

KRB HLEREE NTFAEAE SV THE R, FEABER TR G, JF HAMRIER “shBlee =" Ak —
—HIMES, TR AT RE 2 AR T RS AR K R T IR A S B U 2 SR E R S L R B B T AL
AR REAH SR BPREIRZE RE, 0 T SEIAMEA IR T B R 2

3.3. HIEBEP R EHELTBRE

3.3.1. ERMEHEEREHLH

o+ ZENH O RIAHEW R E RS A% . KEM RSN, KTEA - W EHEAE
FE ARV AN R RAZ O X, ) an BE AN SCIRAAR(VS) FIAR P8 A A7 %40 - B2 J2 (vmPFC) A 4 L 32 WAL 1 4%
LM X (Peters & Biichel, 2009; Croxson et al., 2009), H4FEANEINZEE FEMNAETE =8, X AR X 7%
Bk R (Smith et al., 2010). SUMEHASAIR], X725 S As, #4177 E(ACC, a2 ME 7 dACC)
FOHT A & (anterior insula) ¥ A\ A& 8 1 4w i X 35, (Skvortsova et al., 2014), ACC BN NS R inE &
M IMEE, MITLE “RBEFES 17 WU T R # A% 0 AF FH (Vassena et al. 2014; Verguts etal., 2015). 5
4b, dACC FEfBhIZ 3 X (SMA) 784 T B LA SR M €, — BAMHIESE, 1830 52 A1 38T 1) HAth
HRA>(UNFEAZ) W 47 5705 R SR A N BAR 4T B (Kurniawan et al., 2011; Klein-Fliigge et al., 2016). % ELlZ(DA)
BT Z WORTEME R SR R % O A B, JCH R AE SRS 22 B U AN SR B 3 W4T 77 T (Salamone & Correa,
2023). SRR, DA S5 HE gL TURM R, WA RATHNMEE(Gan et al,, 2010). FT |
SR R R ) R SRR, AE AN I T AR AR FE AR B R B LR B 2 753 5 1K A R SR X 4% (1 o A1
Dife %A K.
3.3.2. MEREEMITEHERRRE

WFREANTRIN, SEERRRAALL, HHRAE 825 72 R ph FUHb B, AMURTET - e B8 05 3l
559, JCHRAERMSURIKRX IR 245 R 2P B, A MSCRARFIRT AT B2 = B35 3 2 Z R X
BE I SRR AL IBEAL” (reward blunting) B i e B — 30,  RIAIARAE &35 (1 K 42l 28 Goxt Bk
L) SN T B, R BUABATT G 1 0 G A M 56 22 Jal (R A B (Zhao et al., 2024) . 3#E— B I ORI Fh
MG R 5 EAAR T I S0 R LK. Arulpragasam 25 N FIF 70K I, vmPFC Zf T FUA R 3= 0
W8, T dACC FG & 755 30 0 S e 1 %% 234 410 B2 FE DL R AR B T30 1% 2245 5 (Arulpragasam et al., 2018).
FEFPARE Y, IR LN [X 2 [R5 55 326 (1) SR AT W] R d 2 33001 Rl 3RE 4% ) i) TR AR 4F

B 10 DX B0 (0 58, 0 T % 32 4 ) S R SVRISRE B AL R o 11 B ALt o A7 SRR VB ) 7 R FE
RIE ACC F1 SMA Z [AI DI REFERIR IS A OC, X A e sk 1 44T e B R A AT ahiR 2 IR ) %2
#i(Bonnelle et al., 2015). FEZFEHNARAE S, 1FH BRI G ERIA LS . PAT $8 il 04 264 45 22 N KRUBE Jin X 4%
P B 22 18] f3%E 43 57 5 A5 5% (Oberlin et al., 2022; Roy et al., 2023). X &/ 2% 2 M () ThAERERS , {754 AT T
BE M LA RIS NIIRES . ANSE BEFMKH B R, N SE T BAs S HAT N R

R EPTR, tFEREREE T, @ ST RTE. BUAR M AR EOR, O HbERAL TR
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AT HESRE S H LR OB A . BT LSRR Y], TIRIER) “Bi Ask=” IFAE— MBI R SOER, 2R
LT R B ok 58 2R 4 b e S8 T AN R R0 BR 1) D BEFRERS o T 6 R 3y B PR OIS AE 1) S AL R s ) LA
FHLHEITRE T8 @A, WOAARIRIT R IE T MRS R RS HE T P it fe it 1 B S At

4. ETHEHZIFIN IR TREEL

PR ANARIE SHALER A I F 5 S A WL, SO BT EERLE 1 R, SR ARG R TG SR FR 1t
TORBMEIRARYE . H AT S0 ST E S0 T B [T T B e 2298 EBDM AH G 1T S5 K
UEZS7N N

TEZINIRTT 7T, AFINLE BB 255 B LA G T FOL AR R MAEAE I B 22 5 . AR B B 5-
P20 PR AR AN FI(SSRIs, WNVEFERIT 22), ERECCE A VAR, (H X B ATLBR e (0 =2 1 B D) 1)
J7 A FR(McCabe etal., 2010), $£% SSRIs 7E# 73 &3 1 ] BE 5 K 1 BRI (Barnhart et al., 2004). AHELZ
N, MEF T2 M 2 B E IR R R SR 25 9 (NDRIs)l i 8 9 § 450 - SORIK 2 LS 5, TRE B A 2%
H S PRI R 2R 555 ) SRS (Cao etal., 2019) — T MRI AT FTHE— 232 W, 22| Al e iod 38 5 2 34
BT SIMLIRS)(S% ) A6 (1 B X (40 vimPEC. SRR IR S J2) AP e i, AT fEARiE
IO R85 )2 88 TR DR (L8 AT g o G SRR 5 2 AP 2 301D 18 TS 22 2 ik 553 22 B0 R POTR A 42 I
ISP 4 SR R A X B, AR T N AT 2 AR R E EE RN 5 5 RS G AL B, AT A S A M
KFAHRBRE(Dean et al., 2016). MTHREABAK MR, XG0 AT il id 2 m S 8rh i« B mgUskt”
BCTEAEANAE” , AR RGAS - YRS AAET AR RV B3 0 AR ) i sz i, R H AR R AT R B R AR
XIRIR, ARRAWIGTT P45 & EBDM AR5 51H SRS Hr, SIS B8 5 B Lok b 0 PR RS EE DL G

TELERIT T, AT NEOETTEBA) AN FIAT T IE(CBT)iEE &4 HA )2 ) 51 5 858 5 I
525 b2, RESGE HA RIS ARG 5 F AN E TR 2. Dichter 55 A(2009) A 5T
R, WHAT AEOEIT I(BATD)REMS G A AR IARIE IR, BARRIATE LB FUAM Bl g 1 5 Lok ik
(NG EN, 7835 R SR BOA T 7 5530 [BURE 40 % J2 135 5, X ETHAE T AT R R e 732971k
I EE HAR S IRAT N, ISR T AT - R Z RIS, X IE AR B BTk Z F)(Dichter et al.,
2009). AL, Konig 25 N (2025)458 R G 45 CBT XF MDD 3 KAiiG sh g ml 52 . w78 K3, CBT
BT e PIARIE 5 38 7E 55 1 45 RN 22 B AL B AH OG0 R T - IR R AN 2L 3 R G0 h ML T .35 s sl A8 Ak
EREREGEAR R . FEFREE R SCRF 1 CBT I8 1 1545 € P IR B8 R AR AN ARRE IR AL, DB X (135 30
AV B N IR ST SO VAR A bR S X R IR, OFIEYT A AT MAT N J2 T 3% ] 38 )
T e I8 I 2 T B UG I B D SR ER B ) Th R O T

Zi b, ARRHEFTT I Sk — BB G T ERS AR 2 5 Im R &R, JF KT EBDM 280 5 &30k
AL PR, T X0 & 2 CRLRE 250 /& O PR T I g A, it — DR S5k, ko
PRYRYTHE A, T SE Rt AHE BN I PR 2 A 1) T SRR ML VR TT R JE

5. RESRE

ARLEA RGBT 5 T IAESNHLBR B AOWT FEHERR , B 5 DR 1 I R S R B IO & S 4L
FT55 1 SK(EBDM) AT AW FE, VAR SR B2 A2 U i PR A 55 N o e 8 22 777 T F3E
P, FATEERS M RAEAR BT AR TSR B 22 B0t 22 20k R Gt iR 5 B AR I AIOAE O S AL
5.

RS Z T R R IR AN PRI SRR PN BEA B8 O] X7 FRAZ o S L BRI o BRI R % B8 00 = T 2 Jih
WA RS RS20, TR R BN — RS2 . 38 5 H AR R 1RAT N R S ANERF (BREG . 9 72 Il R &

DOI: 10.12677/ap.2026.162079 220 P HE A


https://doi.org/10.12677/ap.2026.162079

B, P ERSE

ORI Rl EARAEZE S, X e AT BRI ARE 1) e o M B oG E

17821 : EBDM Ju R | — M WE SV TFRA R TR, KEWK—SBERMH, IAESRZ
7£ EBDM 45 H i [ri) - [0 38 2 8% a0, e Bl 57 A AT 0 22 R AN B PG A B0t 85 00 AR 1 ik FEE AR . a2
1T RRIE PUBR IS . 15 BRI AR I PRI IR 2 DA 26

THEZ: TR, Rl FMNES VB, FIRATR AT ARS, WITREE & AR
filo WEFCIRIN, FELE 1 SHALRRRS AT R I JE ) B ) 2 Jah i Ss  BUR o3, AT REEAN [RIEIRZE B B
AN T R A DAl SR

PR Z T REMEAGH S LN AT - SOREIR B 1) 450 5 D ReiE e 2 3 2 3 BB HL RS
() B s B A FEAILAR , LB E O AL K] vmPFC\ VS ARSI ACC. I & , LA #EAT (i L) dACC
SMA 5. FIARIE B SR e 51X LU IR ER 1) T REFR G 25 UIAHOC, SR I 2L R AR % X 3 2 9855 A1 AN [R] 757
SR DI REEZI e A 2 R X 43 115 R AN PR R 2K o PRIER R 2R 2 BP0 KRN SOIR 7 1 vmPFC;
MG BRI 5 ACC. SMA K5 AMI BT A 5 2= (1 D se 5 8 S % )

AR E AL Z T FERBE TR i 2% H B2 da IR, HATHIESE R, BEXS S LsR b ) 5 B e
RO BT FIVEFIRE S AFEZE . 40, NDRIs ZRZ54) 0] G 50 4 7 M b @ 1 1 =5 22 B2 200 Ik PTG
B IRCAURNE, 1O BRYE T W T BE B 2 b e sk B B A KPR AN AL B 2 ST SR K AEAE A . % EBDM [
THESEAENIRIRVPAL —&5r, A BN MR TT 77 R SR ALK , IR AR AN E Xt
PERIVRIT IR

S R BN T HES O HARAE SHLGR e A S EARYE RS B IX 73 S T — @ 8, (BANAAAE— )R IR,
(A g AR SR A o4 B 7 7 1) 4T FE D X oAk 085 JI R 7155 70, AR T ANEISE Y (i 7155 70
(I TAEICAZ 3 = s i) an o] 22 e 2 et 3, DLACEAT T S5 AN RIREARGEFE I R R, 75 77 IR N HIARZR .
A, ¥ EBDM Ju R 5+ & EiAH 45 & (Catalano & Green, 2023; Shao et al., 2024), R AL TNAL
SE R ERRG, R A E AT R R Fioh, AH BRI PRIR G R 2 A THE M 2U0E . tHé
RINFZMIER . RRNASTT R ZWI T, BEZHEEE, NI EA FG % 25
AR T S R RN AR iC ) HR A BE 22 SRR

£ EPA, LLEBDM AAZCATATER, PATHEEEL, #EE0N T BRI L4, IEAEAWT IR
AT HARRE B ATLBR e 1 — 52 2% M PR [ RV AR o RSR I 8 B 2 4R By B X — Bk AT, B0 TR 2R A i 5
56 R T2 Al Ay B A U] S5 5 IS AR A 3 ol 2 P A R S B o

SE

MR, KR, #iKQ016). BT HITYM ThRERLILIR UG NER iR, 7 [F EWE L FEFIR 35(3), 340-347.
Ang, Y., Lockwood, P., Apps, M. A. J., Muhammed, K., & Husain, M. (2017). Distinct Subtypes of Apathy Revealed by the
Apathy Motivation Index. PLOS ONE, 12, €0169938. https://doi.org/10.1371/journal.pone.0169938

Apps, M. A. J., Grima, L. L., Manohar, S., & Husain, M. (2015). The Role of Cognitive Effort in Subjective Reward Devalu-
ation and Risky Decision-Making. Scientific Reports, 5, Article No. 16880. https://doi.org/10.1038/srep16880

Arulpragasam, A. R., Cooper, J. A., Nuutinen, M. R., & Treadway, M. T. (2018). Corticoinsular Circuits Encode Subjective
Value Expectation and Violation for Effortful Goal-Directed Behavior. Proceedings of the National Academy of Sciences,
115, E5233-E5242. https://doi.org/10.1073/pnas. 1800444115

Barnhart, W. J., Makela, E. H., & Latocha, M. J. (2004). SSRI-Induced Apathy Syndrome: A Clinical Review. Journal of
Psychiatric Practice, 10, 196-199. https://doi.org/10.1097/00131746-200405000-00010

Batail, J. M., Palaric, J., Guillery, M., Gadoullet, J., Sauleau, P., Le Jeune, F. et al. (2018). Apathy and Depression: Which
Clinical Specificities? Personalized Medicine in Psychiatry, 7, 21-26. https://doi.org/10.1016/j.pmip.2017.12.001

Berwian, I. M., Wenzel, J. G., Collins, A. G. E., Seifritz, E., Stephan, K. E., Walter, H. et al. (2020). Computational Mecha-
nisms of Effort and Reward Decisions in Patients with Depression and Their Association with Relapse after Antidepressant

DOI: 10.12677/ap.2026.162079 221 o3 2


https://doi.org/10.12677/ap.2026.162079
https://doi.org/10.1371/journal.pone.0169938
https://doi.org/10.1038/srep16880
https://doi.org/10.1073/pnas.1800444115
https://doi.org/10.1097/00131746-200405000-00010
https://doi.org/10.1016/j.pmip.2017.12.001

R, PR

Discontinuation. JAMA Psychiatry, 77, 513-522. https://doi.org/10.1001/jamapsychiatry.2019.4971

Bonelli, R. M., & Cummings, J. L. (2007). Frontal-Subcortical Circuitry and Behavior. Dialogues in Clinical Neuroscience,
9, 141-151. https://doi.org/10.31887/dcns.2007.9.2/rbonelli

Bonnelle, V., Manohar, S., Behrens, T., & Husain, M. (2016). Individual Differences in Premotor Brain Systems Underlie
Behavioral Apathy. Cerebral Cortex, 26, bhv247. https://doi.org/10.1093/cercor/bhv247

Bonnelle, V., Veromann, K., Burnett Heyes, S., Lo Sterzo, E., Manohar, S., & Husain, M. (2015). Characterization of Reward
and Effort Mechanisms in Apathy. Journal of Physiology-Paris, 109, 16-26.
https://doi.org/10.1016/j.jphysparis.2014.04.002

Brassard, S. L., Liu, H., Dosanjh, J., MacKillop, J., & Balodis, I. (2024). Neurobiological Foundations and Clinical Relevance
of Effort-Based Decision-Making. Brain Imaging and Behavior, 18, 1-30. https://doi.org/10.1007/s11682-024-00890-x

Brodaty, H., Altendorf, A., Withall, A., & Sachdev, P. (2010). Do People Become More Apathetic as They Grow Older? A
Longitudinal Study in Healthy Individuals. International Psychogeriatrics, 22, 426-436.
https://doi.org/10.1017/s1041610209991335

Bustamante, L. A., Barch, D. M., Solis, J., Oshinowo, T., Grahek, 1., Konova, A. B. et al. (2024). Major Depression Symptom

Severity Associations with Willingness to Exert Effort and Patch Foraging Strategy. Psychological Medicine, 54, 4396-
4407. https://doi.org/10.1017/s0033291724002691

Cao, B., Park, C., Subramaniapillai, M., Lee, Y., lacobucci, M., Mansur, R. B. et al. (2019). The Efficacy of Vortioxetine on
Anhedonia in Patients with Major Depressive Disorder. Frontiers in Psychiatry, 10, 17-25.
https://doi.org/10.3389/fpsyt.2019.00017

Catalano, L. T., & Green, M. F. (2023). Social Motivation in Schizophrenia: What’s Effort Got to Do with It? Schizophrenia
Bulletin, 49, 1127-1137. https://doi.org/10.1093/schbul/sbad090

Chong, T. T., Apps, M., Giehl, K., Sillence, A., Grima, L. L., & Husain, M. (2017). Neurocomputational Mechanisms Under-
lying Subjective Valuation of Effort Costs. PLOS Biology, 15, €1002598.
https://doi.org/10.1371/journal.pbio.1002598

Chong, T. T., Bonnelle, V., & Husain, M. (2016). Quantifying Motivation with Effort-Based Decision-Making Paradigms in
Health and Disease. Progress in Brain Research, 229, 71-100. https://doi.org/10.1016/bs.pbr.2016.05.002

Cléry-Melin, M., Schmidt, L., Lafargue, G., Baup, N., Fossati, P., & Pessiglione, M. (2011). Why Don’t You Try Harder? An
Investigation of Effort Production in Major Depression. PLOS ONE, 6, €23178.
https://doi.org/10.1371/journal.pone.0023178

Connors, M. H., Teixeira-Pinto, A., Ames, D., Woodward, M., & Brodaty, H. (2023). Apathy and Depression in Mild Cogni-

tive Impairment: Distinct Longitudinal Trajectories and Clinical Outcomes. International Psychogeriatrics, 35, 633-642.
https://doi.org/10.1017/s1041610222001089

Croxson, P. L., Walton, M. E., O’Reilly, J. X., Behrens, T. E. J., & Rushworth, M. F. S. (2009). Effort-Based Cost-Benefit
Valuation and the Human Brain. The Journal of Neuroscience, 29, 4531-4541.
https://doi.org/10.1523/jneurosci.4515-08.2009

Culbreth, A. J., Chib, V. S., Riaz, S. S., Manohar, S. G., Husain, M., Waltz, J. A. et al. (2025). Increased Sensitivity to Effort
and Perception of Effort in People with Schizophrenia. Schizophrenia Bulletin, 51, 696-709.
https://doi.org/10.1093/schbul/sbae162

Dean, Z., Horndasch, S., Giannopoulos, P., & McCabe, C. (2016). Enhanced Neural Response to Anticipation, Effort and
Consummation of Reward and Aversion during Bupropion Treatment. Psychological Medicine, 46, 2263-2274.
https://doi.org/10.1017/s003329171600088x

Dichter, G. S., Felder, J. N., Petty, C., Bizzell, J., Ernst, M., & Smoski, M. J. (2009). The Effects of Psychotherapy on Neural
Responses to Rewards in Major Depression. Biological Psychiatry, 66, 886-897.
https://doi.org/10.1016/j.biopsych.2009.06.02 1

Ducasse, D., Loas, G., Dassa, D., Gramaglia, C., Zeppegno, P., Guillaume, S. et al. (2018). Anhedonia Is Associated with
Suicidal Ideation Independently of Depression: A Meta-Analysis. Depression and Anxiety, 35, 382-392.
https://doi.org/10.1002/da.22709

Gan, J. O., Walton, M. E., & Phillips, P. E. M. (2010). Dissociable Cost and Benefit Encoding of Future Rewards by Meso-
limbic Dopamine. Nature Neuroscience, 13, 25-27. https://doi.org/10.1038/nn.2460

Groeneweg-Koolhoven, 1., Ploeg, M., Comijs, H. C., WJH Penninx, B., van der Mast, R. C., Schoevers, R. A. et al. (2017).
Apathy in Early and Late-Life Depression. Journal of Affective Disorders, 223, 76-81.
https://doi.org/10.1016/j.jad.2017.07.022

Hédouin, R., Roy, J., Desmidt, T., Robert, G., & Coloigner, J. (2024). Microstructural Brain Assessment in Late-Life Depres-
sion and Apathy Using Diffusion MRI Multi-Compartments Models and Tractometry. Scientific Reports, 14, Article No.

DOI: 10.12677/ap.2026.162079 222 LB


https://doi.org/10.12677/ap.2026.162079
https://doi.org/10.1001/jamapsychiatry.2019.4971
https://doi.org/10.31887/dcns.2007.9.2/rbonelli
https://doi.org/10.1093/cercor/bhv247
https://doi.org/10.1016/j.jphysparis.2014.04.002
https://doi.org/10.1007/s11682-024-00890-x
https://doi.org/10.1017/s1041610209991335
https://doi.org/10.1017/s0033291724002691
https://doi.org/10.3389/fpsyt.2019.00017
https://doi.org/10.1093/schbul/sbad090
https://doi.org/10.1371/journal.pbio.1002598
https://doi.org/10.1016/bs.pbr.2016.05.002
https://doi.org/10.1371/journal.pone.0023178
https://doi.org/10.1017/s1041610222001089
https://doi.org/10.1523/jneurosci.4515-08.2009
https://doi.org/10.1093/schbul/sbae162
https://doi.org/10.1017/s003329171600088x
https://doi.org/10.1016/j.biopsych.2009.06.021
https://doi.org/10.1002/da.22709
https://doi.org/10.1038/nn.2460
https://doi.org/10.1016/j.jad.2017.07.022

B, P ERSE

18193. https://doi.org/10.1038/s41598-024-67535-3

Herr, K. J., Berk, M., Huang, W., Kato, T., Lee, J. G., Ng, C. G. et al. (2025). Epidemiology and Burden of Disease of Major
Depressive Disorder (MDD) With Anhedonia in Asia Pacific. International Journal of Neuropsychopharmacology, 28,
1333-i334. https://doi.org/10.1093/ijnp/pyae059.595

Husain, M., & Roiser, J. P. (2018). Neuroscience of Apathy and Anhedonia: A Transdiagnostic Approach. Nature Reviews
Neuroscience, 19, 470-484. https://doi.org/10.1038/s41583-018-0029-9

Huys, Q. J. M., Browning, M., Paulus, M. P., & Frank, M. J. (2021). Advances in the Computational Understanding of Mental
Illness. Neuropsychopharmacology, 46, 3-19. https://doi.org/10.1038/s41386-020-0746-4

Kaya, S., & McCabe, C. (2019). Can Understanding Reward Help Illuminate Anhedonia? Current Behavioral Neuroscience
Reports, 6, 236-242. https://doi.org/10.1007/s40473-019-00186-1

Keedwell, P. A., Andrew, C., Williams, S. C. R., Brammer, M. J., & Phillips, M. L. (2005). The Neural Correlates of Anhedonia
in Major Depressive Disorder. Biological Psychiatry, 58, 843-853. https://doi.org/10.1016/j.biopsych.2005.05.019

Klein-Fliigge, M. C., Kennerley, S. W., Friston, K., & Bestmann, S. (2016). Neural Signatures of Value Comparison in Human
Cingulate Cortex during Decisions Requiring an Effort-Reward Trade-Oft. The Journal of Neuroscience, 36, 10002-10015.
https://doi.org/10.1523/jneurosci.0292-16.2016

Konig, P., Zwiky, E., Kiittner, A., Uhlig, M., & Redlich, R. (2025). Brain Functional Effects of Cognitive Behavioral Therapy
for Depression: A Systematic Review of Task-Based fMRI Studies. Journal of Affective Disorders, 368, 872-887.
https://doi.org/10.1016/j.jad.2024.09.084

Kos, C., Klaasen, N. G., Marsman, J. C., Opmeer, E. M., Knegtering, H., Aleman, A. et al. (2017). Neural Basis of Self-
Initiative in Relation to Apathy in a Student Sample. Scientific Reports, 7, Article No. 3264.
https://doi.org/10.1038/s41598-017-03564-5

Kuhn, M., Palermo, E. H., Pagnier, G., Blank, J. M., Steinberger, D. C., Long, Y. et al. (2025). Computational Phenotyping of
Effort-Based Decision Making in Unmedicated Adults with Remitted Depression. Biological Psychiatry: Cognitive Neuro-
science and Neuroimaging, 10, 607-615. https://doi.org/10.1016/j.bpsc.2025.02.006

Kurniawan, I. T. (2011). Dopamine and Effort-Based Decision Making. Frontiers in Neuroscience, 5, Atticle ID: 81.
https://doi.org/10.3389/fnins.2011.0008 1

Lafond-Brina, G., Pham, B., & Bonnefond, A. (2023). Initiative Apathy Trait Underlies Individual Differences in the Ability
to Anticipate and Expend Cognitive Effort in Cost-Benefit Decision-Making Tasks. Cerebral Cortex, 33, 7714-7726.
https://doi.org/10.1093/cercor/bhad074

Lanctot, K. L., Ismail, Z., Bawa, K. K., Cummings, J. L., Husain, M., Mortby, M. E. et al. (2023). Distinguishing Apathy from
Depression: A Review Differentiating the Behavioral, Neuroanatomic, and Treatment-Related Aspects of Apathy from De-
pression in Neurocognitive Disorders. International Journal of Geriatric Psychiatry, 38, e5882.
https://doi.org/10.1002/gps.5882

Le Heron, C. (2018). Apathy and Effort-Based Decision Making: A Cognitive Mechanism Underlying Amotivated Behaviour.
University of Oxford.

Levy, M. L., Cummings, J. L., Fairbanks, L. A., Masterman, D., Miller, B. L., Craig, A. H. et al. (1998). Apathy Is Not
Depression. The Journal of Neuropsychiatry and Clinical Neurosciences, 10, 314-319. https://doi.org/10.1176/jnp.10.3.314

Levy, R., & Dubois, B. (2006). Apathy and the Functional Anatomy of the Prefrontal Cortex—Basal Ganglia Circuits. Cerebral
Cortex, 16, 916-928. https://doi.org/10.1093/cercor/bhj043

Liu, Y., Admon, R., Mellem, M. S., Belleau, E. L., Kaiser, R. H., Clegg, R. et al. (2020). Machine Learning Identifies Large-
Scale Reward-Related Activity Modulated by Dopaminergic Enhancement in Major Depression. Biological Psychiatry:
Cognitive Neuroscience and Neuroimaging, 5, 163-172. https://doi.org/10.1016/j.bpsc.2019.10.002

Marin, R. S. (1996). Apathy: Concept, Syndrome, Neural Mechanisms, and Treatment. Seminars in Clinical Neuropsychiatry,
1, 304-314.

Marin, R. S., & Wilkosz, P. A. (2005). Disorders of Diminished Motivation. Journal of Head Trauma Rehabilitation, 20, 377-
388. https://doi.org/10.1097/00001199-200507000-00009

Marin, R. S., Biedrzycki, R. C., & Firinciogullari, S. (1991). Reliability and Validity of the Apathy Evaluation Scale. Psychi-
atry Research, 38, 143-162. https://doi.org/10.1016/0165-1781(91)90040-v

McCabe, C., Mishor, Z., Cowen, P. J., & Harmer, C. J. (2010). Diminished Neural Processing of Aversive and Rewarding
Stimuli during Selective Serotonin Reuptake Inhibitor Treatment. Biological Psychiatry, 67, 439-445.
https://doi.org/10.1016/j.biopsych.2009.11.001

Mclntyre, R. S., Alsuwaidan, M., Baune, B. T., Berk, M., Demyttenaere, K., Goldberg, J. F. et al. (2023). Treatment-Resistant
Depression: Definition, Prevalence, Detection, Management, and Investigational Interventions. World Psychiatry, 22, 394-
412. https://doi.org/10.1002/wps.21120

DOI: 10.12677/ap.2026.162079 223 LB


https://doi.org/10.12677/ap.2026.162079
https://doi.org/10.1038/s41598-024-67535-3
https://doi.org/10.1093/ijnp/pyae059.595
https://doi.org/10.1038/s41583-018-0029-9
https://doi.org/10.1038/s41386-020-0746-4
https://doi.org/10.1007/s40473-019-00186-1
https://doi.org/10.1016/j.biopsych.2005.05.019
https://doi.org/10.1523/jneurosci.0292-16.2016
https://doi.org/10.1016/j.jad.2024.09.084
https://doi.org/10.1038/s41598-017-03564-5
https://doi.org/10.1016/j.bpsc.2025.02.006
https://doi.org/10.3389/fnins.2011.00081
https://doi.org/10.1093/cercor/bhad074
https://doi.org/10.1002/gps.5882
https://doi.org/10.1176/jnp.10.3.314
https://doi.org/10.1093/cercor/bhj043
https://doi.org/10.1016/j.bpsc.2019.10.002
https://doi.org/10.1097/00001199-200507000-00009
https://doi.org/10.1016/0165-1781(91)90040-v
https://doi.org/10.1016/j.biopsych.2009.11.001
https://doi.org/10.1002/wps.21120

R, PR

Mehrhof, S. Z., & Nord, C. L. (2025). A Common Alteration in Effort-Based Decision-Making in Apathy, Anhedonia, and
Late Circadian Rhythm. eLife, 13, RP96803.

Nobis, L., & Husain, M. (2018). Apathy in Alzheimer’s Disease. Current Opinion in Behavioral Sciences, 22, 7-13.
https://doi.org/10.1016/j.cobeha.2017.12.007

Northoff, G. (2024). Beyond Mood—Depression as a Speed Disorder: Biomarkers for Abnormal Slowness. Journal of Psy-
chiatry and Neuroscience, 49, E357-E366. https://doi.org/10.1503/jpn.240099

O’Brien, M. K., & Ahmed, A. A. (2019). Asymmetric Valuation of Gains and Losses in Effort-Based Decision Making. PLOS
ONE, 14, ¢0223268. https://doi.org/10.1371/journal.pone.0223268

Oberlin, L. E., Victoria, L. W., Ilieva, 1., Dunlop, K., Hoptman, M. J., Avari, J. et al. (2022). Comparison of Functional and
Structural Neural Network Features in Older Adults with Depression with vs without Apathy and Association with Response
to Escitalopram. JAMA Network Open, 5, €2224142. https://doi.org/10.1001/jamanetworkopen.2022.24142

Pagonabarraga, J., Kulisevsky, J., Strafella, A. P., & Krack, P. (2015). Apathy in Parkinson’s Disease: Clinical Features, Neural
Substrates, Diagnosis, and Treatment. The Lancet Neurology, 14, 518-531. https://doi.org/10.1016/51474-4422(15)00019-8

Pardini, M., Cordano, C., Guida, S., Grafman, J., Krueger, F., Sassos, D. et al. (2016). Prevalence and Cognitive Underpinnings
of Isolated Apathy in Young Healthy Subjects. Journal of Affective Disorders, 189, 272-275.
https://doi.org/10.1016/1.jad.2015.09.062

Pedersen, K. F., Alves, G., Aarsland, D., & Larsen, J. P. (2009). Occurrence and Risk Factors for Apathy in Parkinson Disease:
A 4-Year Prospective Longitudinal Study. Journal of Neurology, Neurosurgery & Psychiatry, 80, 1279-1282.
https://doi.org/10.1136/innp.2008.170043

Peters, J., & Biichel, C. (2009). Overlapping and Distinct Neural Systems Code for Subjective Value during Intertemporal and
Risky Decision Making. The Journal of Neuroscience, 29, 15727-15734. https://doi.org/10.1523/jneurosci.3489-09.2009

Pimontel, M. A., Kanellopoulos, D., & Gunning, F. M. (2020). Neuroanatomical Abnormalities in Older Depressed Adults
with Apathy: A Systematic Review. Journal of Geriatric Psychiatry and Neurology, 33, 289-303.
https://doi.org/10.1177/0891988719882100

Post, R. J. (2018). Melancholy, Anhedonia, Apathy: The Search for Separable Behaviors and Neural Circuits in Depression.
Current Opinion in Neurobiology, 49, 192-200. https://doi.org/10.1016/j.conb.2018.02.018

Prévost, C., Pessiglione, M., Météreau, E., Cléry-Melin, M., & Dreher, J. (2010). Separate Valuation Subsystems for Delay
and Effort Decision Costs. The Journal of Neuroscience, 30, 14080-14090.
https://doi.org/10.1523/jneurosci.2752-10.2010

Pu, J., Huang, Y., Chen, H., Lui, S. S. Y., Wang, Y., & Chan, R. C. K. (2024). Differential Manifestations of Anhedonia in
People with Social Anhedonia and Subsyndromal Depression. Asian Journal of Psychiatry, 100, Article 104188.
https://doi.org/10.1016/j.ajp.2024.104188

Roy, J., Desmidt, T., Dam, S., Mirea-Grivel, I., Weyl, L., Bannier, E. et al. (2023). Connectivity Patterns of the Core Resting-
State Networks Associated with Apathy in Late-Life Depression. Journal of Psychiatry and Neuroscience, 48, E404-E413.
https://doi.org/10.1503/jpn.230008

Sahni, A., & McCabe, C. (2025). Anticipation and Motivation as Predictors of Leisure and Social Enjoyment and Engagement
in Young People with Depression Symptoms: Ecological Momentary Assessment Study. JMIR Mental Health, 12, €74427-
e74427. https://doi.org/10.2196/74427

Salamone, J. D., & Correa, M. (2023). The Neurobiology of Activational Aspects of Motivation: Exertion of Effort, Effort-
Based Decision Making, and the Role of Dopamine. Annual Review of Psychology, 75, 1-32.
https://doi.org/10.1146/annurev-psych-020223-012208

Saperia, S., Felsky, D., Da Silva, S., Siddiqui, 1., Rector, N., Remington, G. et al. (2023). Modeling Effort-Based Decision
Making: Individual Differences in Schizophrenia and Major Depressive Disorder. Biological Psychiatry: Cognitive Neuro-
science and Neuroimaging, 8, 1041-1049. https://doi.org/10.1016/j.bpsc.2023.05.009

Schulz, C., Klaus, J., Peglow, F., Ellinger, S., Walter, M., & Kroemer, N. B. (2024). Blunted Anticipation but Not Consum-
mation of Food Rewards in Depression. Neuroscience Applied, 3, Article 103981. https://doi.org/10.1016/j.nsa.2024.103981

Shao, Y., Wang, L., Zhou, H., Yi, Z., Liu, S., & Yan, C. (2024). Dampened Motivation in Schizophrenia: Evidence from a
Novel Effort-Based Decision-Making Task in Social Scenarios. European Archives of Psychiatry and Clinical Neuroscience,
274, 1447-1459. https://doi.org/10.1007/s00406-024-01761-8

Silva, D., Martins, R., Polido, F., & Cruz, M. D. C. (2021). A Closer Look to Apathy. European Psychiatry, 64, S474-S474.
https://doi.org/10.1192/j.eurpsy.2021.1266

Skvortsova, V., Palminteri, S., & Pessiglione, M. (2014). Learning to Minimize Efforts versus Maximizing Rewards: Compu-

tational Principles and Neural Correlates. The Journal of Neuroscience, 34, 15621-15630.
https://doi.org/10.1523/jneurosci.1350-14.2014

DOI: 10.12677/ap.2026.162079 224 o3 2


https://doi.org/10.12677/ap.2026.162079
https://doi.org/10.1016/j.cobeha.2017.12.007
https://doi.org/10.1503/jpn.240099
https://doi.org/10.1371/journal.pone.0223268
https://doi.org/10.1001/jamanetworkopen.2022.24142
https://doi.org/10.1016/s1474-4422(15)00019-8
https://doi.org/10.1016/j.jad.2015.09.062
https://doi.org/10.1136/jnnp.2008.170043
https://doi.org/10.1523/jneurosci.3489-09.2009
https://doi.org/10.1177/0891988719882100
https://doi.org/10.1016/j.conb.2018.02.018
https://doi.org/10.1523/jneurosci.2752-10.2010
https://doi.org/10.1016/j.ajp.2024.104188
https://doi.org/10.1503/jpn.230008
https://doi.org/10.2196/74427
https://doi.org/10.1146/annurev-psych-020223-012208
https://doi.org/10.1016/j.bpsc.2023.05.009
https://doi.org/10.1016/j.nsa.2024.103981
https://doi.org/10.1007/s00406-024-01761-8
https://doi.org/10.1192/j.eurpsy.2021.1266
https://doi.org/10.1523/jneurosci.1350-14.2014

B, P ERSE

Smith, D. V., Hayden, B. Y., Truong, T., Song, A. W., Platt, M. L., & Huettel, S. A. (2010). Distinct Value Signals in Anterior
and Posterior Ventromedial Prefrontal Cortex. The Journal of Neuroscience, 30, 2490-2495.
https://doi.org/10.1523/jneurosci.3319-09.2010

Steffens, D. C., Fahed, M., Manning, K. J., & Wang, L. (2022). The Neurobiology of Apathy in Depression and Neurocognitive
Impairment in Older Adults: A Review of Epidemiological, Clinical, Neuropsychological and Biological Research. Trans-
lational Psychiatry, 12, Article No. 525. https://doi.org/10.1038/s41398-022-02292-3

Torso, M., Serra, L., Giulietti, G., Spano, B., Tuzzi, E., Koch, G. et al. (2015). Strategic Lesions in the Anterior Thalamic
Radiation and Apathy in Early Alzheimer’s Disease. PLOS ONE, 10, e0124998.
https://doi.org/10.1371/journal.pone.0124998

Tran, T., Hagen, A. E. F., Hollenstein, T., & Bowie, C. R. (2021). Physical- And Cognitive-Effort-Based Decision-Making in
Depression: Relationships to Symptoms and Functioning. Clinical Psychological Science, 9, 53-67.
https://doi.org/10.1177/2167702620949236

Treadway, M. T., Buckholtz, J. W., Schwartzman, A. N., Lambert, W. E., & Zald, D. H. (2009). Worth the ‘EEfRT’? the Effort
Expenditure for Rewards Task as an Objective Measure of Motivation and Anhedonia. PLOS ONE, 4, e6598.
https://doi.org/10.1371/journal.pone.0006598

Valton, V., Mkrtchian, A., Moses-Payne, M., Gray, A., Kieslich, K., VanUrk, S., Samborska, V., Halahakoon, D. C., Manohar,
S. G., Dayan, P., Husain, M., & Roiser, J. P. (2025). A Computational Approach to Understanding Effort-Based Decision-
Making in Depression. Neuroscience. bioRxiv.

van Reekum, R., Stuss, D. T., & Ostrander, L. (2005). Apathy: Why Care? The Journal of Neuropsychiatry and Clinical
Neurosciences, 17, 7-19. https://doi.org/10.1176/jnp.17.1.7

Vandenbos, R., Vanderharst, J., Jonkman, S., Schilders, M., & Spruijt, B. (2006). Rats Assess Costs and Benefits According
to an Internal Standard. Behavioural Brain Research, 171, 350-354. https://doi.org/10.1016/1.bbr.2006.03.035

Vassena, E., Silvetti, M., Boehler, C. N., Achten, E., Fias, W., & Verguts, T. (2014). Overlapping Neural Systems Represent
Cognitive Effort and Reward Anticipation. PLOS ONE, 9, €¢91008.

Verguts, T., Vassena, E., & Silvetti, M. (2015). Adaptive Effort Investment in Cognitive and Physical Tasks: A Neurocompu-
tational Model. Frontiers in Behavioral Neuroscience, 9, Article ID: 57.
https://doi.org/10.3389/fnbeh.2015.00057

Wardani, I. A. K., & Lesmana, C. B. J. (2024). Behavioral Anhedonia in Major Depressive Disorder (MDD). International
Journal of Health & Medical Sciences, 7, 35-39. https://doi.org/10.21744/ijhms.v7n2.2277

Wen, X., Ma, Y., Tan, S., Li, Y., & Liu, W. (2025). Motivation Deficits in Physical Effort or Cognitive Effort Expenditure?
Evaluation of Effort-Based Reward Motivation and Application of Computational Modeling in Depression. Advances in
Psychological Science, 33, 107-123. https://doi.org/10.3724/sp.j.1042.2025.0107

Westbrook, A., Lamichhane, B., & Braver, T. (2019). The Subjective Value of Cognitive Effort Is Encoded by a Domain-
General Valuation Network. The Journal of Neuroscience, 39, 3934-3947. https://doi.org/10.1523/jneurosci.3071-18.2019

World Health Organization. (2017). Depression and Other Common Mental Disorders: Global Health Estimates. Geneva:
World Health Organization.

Yang, X., Zhu, C. -Y., & Xie, G. -R. (2013). Anhedonia in Depression: Definition and Neuralbiological Mechanism. Chinese
Journal of Clinical Psychology, 21, 747-750.

Yao, Y., Song, K., Schuck, N. W., Li, X., Fang, X., Zhang, J. et al. (2023). The Dorsomedial Prefrontal Cortex Represents
Subjective Value across Effort-Based and Risky Decision-Making. Neurolmage, 279, Article 120326.
https://doi.org/10.1016/j.neuroimage.2023.120326

Yee, D. M. (2024). Neural and Computational Mechanisms of Motivation and Decision-Making. Journal of Cognitive
Neuroscience, 36, 2822-2830. https://doi.org/10.1162/jocn_a_ 02258

Zhao, X., Wu, S., Li, X., Liu, Z., Lu, W., Lin, K. et al. (2024). Common Neural Deficits across Reward Functions in Major
Depression: A Meta-Analysis of fMRI Studies. Psychological Medicine, 54, 2794-2806.
https://doi.org/10.1017/s0033291724001235

Zou, Y., Ni, K., Wang, Y., Yu, E., Lui, S. S. Y., Zhou, F. et al. (2020). Effort-Cost Computation in a Transdiagnostic Psychi-
atric Sample: Differences among Patients with Schizophrenia, Bipolar Disorder, and Major Depressive Disorder. Psych
Journal, 9, 210-222. https://doi.org/10.1002/pchj.316

DOI: 10.12677/ap.2026.162079 225 LB


https://doi.org/10.12677/ap.2026.162079
https://doi.org/10.1523/jneurosci.3319-09.2010
https://doi.org/10.1038/s41398-022-02292-3
https://doi.org/10.1371/journal.pone.0124998
https://doi.org/10.1177/2167702620949236
https://doi.org/10.1371/journal.pone.0006598
https://doi.org/10.1176/jnp.17.1.7
https://doi.org/10.1016/j.bbr.2006.03.035
https://doi.org/10.3389/fnbeh.2015.00057
https://doi.org/10.21744/ijhms.v7n2.2277
https://doi.org/10.3724/sp.j.1042.2025.0107
https://doi.org/10.1523/jneurosci.3071-18.2019
https://doi.org/10.1016/j.neuroimage.2023.120326
https://doi.org/10.1162/jocn_a_02258
https://doi.org/10.1017/s0033291724001235
https://doi.org/10.1002/pchj.316

	抑郁症动机缺陷与努力决策的计算神经机制
	摘  要
	关键词
	Motivational Deficits and Computational Neural Mechanisms of Effort Decision-Making in Depression
	Abstract
	Keywords
	1. 引言
	2. 抑郁症中的动机缺陷
	2.1. 情感淡漠与流行病学
	2.1.1. 情感淡漠的定义与维度
	2.1.2. 淡漠的神经基础

	2.2. 快感缺失
	2.2.1. 快感缺失的概念与维度
	2.2.2. 快感缺失的神经基础

	2.3. 情感淡漠与快感缺失的区别与联系

	3. 基于努力的决策与计算神经机制
	3.1. 基于努力的决策与相关研究
	3.2. 主观价值计算
	3.3. 抑郁症中的计算神经环路异常
	3.3.1. 主观价值计算的神经机制
	3.3.2. 抑郁患者的计算神经环路异常


	4. 基于计算神经机制的临床干预与转化
	5. 总结与展望
	参考文献

