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[ Abstract] Objective To explore the clinical and imaging characteristics of hand-foot-mouth disease (HAND) based on the
Montreal Cognitive Assessment (MoCA) combined with brain volume quantification and develop a predictive model. Methods  Sixty-
five hospitalized patients with HIV/AIDS between November 2024 and July 2025 were included. The patients completed MoCA and au-
tomatic segmentation of 3.0 T MRI three-dimensional T1-weighted images to obtain volume indices such as hippocampal and temporal
lobe gray matter. Cognitive impairment was defined as MoCA < 26. Clinical and brain volume differences between the cognitive impair-
ment group and the normal group were compared. Multivariate logistic regression was used to assess independent association factors.
ROC curves and Hosmer-Lemeshow tests were used to evaluate model effectiveness. Results ~ The prevalence of cognitive impairment
was 43. 1% (28/65). Compared with cognitively normal participants, impaired individuals had lower education, reduced CD4" T-cell
counts and smaller hippocampal and temporal gray matter volumes (all P< 0.05). Multivariate analysis identified that CD4™ T-cell
count was the only independent protective factor (OR=0.178, 95% CI: 0.045~0.703, P=0.014). The CD4" T-cell count-based
model showed good discrimination (AUC=0.792) and calibration ( Hosmer-Lemeshow P>0. 05). Conclusions HAND is common a-
mong HIV/AIDS patients. It is associated with contributing factors including immunosuppression reflected by reduced CD4" T-cell
counts, low education and atrophy of the hippocampal and temporal gray matter. Notably, the higher CD4" T-cell count is an independ-
ent protective factor.

[ Key words] HIV; Neurocognitive disorders; Montreal Cognitive Assessment; Brain volumetry; CD4" T-cell count
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Rz 1 HIV/AIDS 88— AR IN AN T BE EL 32

i H A2 (n=28) EWH (n=37) it m P
MOCA(4}) 22.00 (15.75, 24.00) 29.00 (28.00, 30.00) 7=-6.917 <0. 001
Y (%) 42.50(35.75, 51.00) 37.00(33. 00, 47.00) Z=-1.214 >0. 05
BMI (kg/m?) 23.40 = 3.04 23.48 + 3.44 1= -0.095 >0. 05
WizHE (A ) 69.50(39. 50, 120. 00) 36. 00(16. 00, 72.00) Z=-3.272 <0. 001
PURTERITIE () 67.00(39.50, 120.00) 36.00 (16.00, 72.00) Z=-3.231 <0. 001
CD4" T#REL4IM/ (4/pl) 350. 00(228. 50, 414.00) 563.00(364. 00, 714.00) Z=-4.008 <0. 001
CD8+ T B4/ (4/pl ) 560. 00(432. 00, 720.50) 619. 00(500. 00, 851.00) Z=-0.888 >0. 05
SREEE (mmol/L ) 4.25(3.75, 4.88) 4.75(4.12, 5.57) Z=-1.822 >0. 05
HIM =B ( mmol/L ) 1.71(1.07, 2.08) 1.83(1.52, 2.40) Z=-1.590 >0.05
EREREEA ( mmol/L) 1.07 + 0.28 1.13 = 0.28 1= -0.890 >0. 05
R RS E I ( mmol/L) 2.59 £ 0.73 3.11 £ 0.85 1= =2.600 <0.05
PR [n(%)] B 25 (89.3) 34 (91.9) - 1. 000
© 3(10.7) 3(8.1)
SRS [n(%)] KIGoER 13 (46.4) 24 (64.9) X?=2.209 0.217
A/ 15 (53.6) 13 (35.1)
TZHBERE (n(%)] FTLEUT 23 (82.1) 14 (37.8) X*=12.759 0.001
KEKLL L 5(17.9) 23 (62.2)
BHFE (n(%)] ZF 1(3.6) 1(2.7) - 1. 000
HF 27 (96.4) 36 (97.3)
MEEE [n(%) ] 6 (21.4) 4 (10.8) - 0. 306
I [n(%) ] 5(17.9) 1(2.7) - 0.077
P [n(%) ] 0 (0.0) 1(2.7) - 1. 000
WA [n(%) ] 8 (28.6) 5(13.5) X?=2.259 0.234
I [n(%) ] 7 (25.0) 3(8.1) - 0. 086

2.2 HIV/AIDS B2EARERASRS THARELRE 4T 0w IX S0 B8 SR N4, Bk
FALbE: 8 A RPRECIREL = [ X X RFL Ry, 1 S5 X R R S5 AR A B D B A2 22
(ml) /AR (ml) 1x 100% K BEMABE TR BT IEH(P<0.05) , HARK X ARSI
HEACIATU S, FRUEILI AT T2 R R S L (P>0.05) . LAl 1 &2 %2,

B 1 HIVR2EEDERABE  a b f0 JeRA SN | I ELE DD ABIgE /N, A (8 i 2R) 463 ik
L) 3,14 ml ARAELIRTRZ 0. 216, ZE iR (204 ) e XHARFRZY 1. 91 ml, FRUEfLIRARZ 0. 131



2 S BE I PR 2 2026 45 7 A5 23 555 4 1)

2 HIVEBEBRMERABE o b0 SEARAHI, H ELSH IR B AFRGE /N, A D IR 5 (35 @ i
2 ) Y XPRTRZT 48 ml, BRUEALIRTRZY 3. 22, ZEMIIT 5T (41 0 %) 4 AR RZY 51 ml BRifEfL iRy 3. 42

£ 2 HIV/AIDS BEARRARRE THFRELRETR L

A ik INHIBERR (n=28) E#Y (n=37) et P

i % 5 76.20(74. 66, 77.89) 76.31(74.18, 77.45) 7Z=-0.795 >0. 05
HHX 0.47(0.44, 0.48) 0.49(0.47, 0.51) Z=-2.988 <0.05
B 0.26 + 0.02 0.26 + 0.02 1= -1.678 >0. 05
Fefigi 0.91(0.87, 0.94) 0.90(0. 86, 0.93) Z=-0.232 >0. 05
Z N 0.47+0.05 0. 45+0. 05 1=1.513 >0. 05
ek 0.77%0. 05 0.75+0.07 1=0.901 >0. 05
& HEK 0.22+0. 02 0.22+0. 02 1=0.515 >0. 05
PRI 0.07+0.01 0.07+0. 01 1=0. 677 >0. 05
T F WG 0. 05+0. 00 0. 05+0. 00 1=0.310 >0. 05
T R 5t 11.59+0. 94 11. 170. 90 1=1.857 >0. 05
Bt AR 5 4.88+0.33 5.03+0. 36 1=-1.735 >0. 05
R 5t 7.300. 46 7.58+0. 44 1=-2.428 >0. 05
o0 R Joit 6. 10+0. 41 6.05+0. 49 1=0. 448 >0. 05
EGHEYI 1. 68+0. 13 1.72+0. 12 1=-1.414 >0.05
By R 5 0. 89+0. 07 0. 88+0. 08 1=0.563 >0. 05
AN 9.41+0. 61 9.30+0. 58 1=0.729 >0.05
NG 1 T 0.01=0. 00 0.010. 00 1=-0. 541 >0.05
o 0. 4120. 03 0. 42+0. 03 1=-0.912 >0. 05
ity 0.97+0. 10 1.010.07 1=-1.531 >0. 05
S 0.30+0. 02 0.31x0. 02 t=-1.146 >0.05

2.3 M HAND B % E X Logistic Bl3A 4 £ HUZIANMBER MM RIPHER (P=0.014), D
KR Logistic [MIIHEIRIEH] (L CD4" T itk L 40 it #3,
%3 B0 HAND B% E X Logistic B34 8

AR B FrifEis (SE) Wald X* P OR 95%Cl

W 0.071 0.511 0.019 0. 890 1.073 0.394~2.922
U AR YT IR [A] 1.276 0. 682 3.501 0. 062 3.581 0.940~13. 641
CD4™ T kL 41 -1.724 0. 700 6. 066 0.014 0. 178 0. 045~0. 703
R E A -0.443 0. 537 0. 681 0. 409 0. 642 0.224~1.838
X -1.200 0. 624 3. 698 0. 054 0.301 0.089~1.023
R 5t -0.542 0. 506 1.148 0. 284 0. 581 0.216~1.567

ZHHETEE -1.223 0.902 1. 838 0.175 0.294 0.050~1.724




S BE Bl R A4k 2026 4F 7 H 55 23 B4 4 1)

2.4 HEREF|FIZAEER ROC & HDHT L E Lo-
gistic [ IEASAY 7E S 50 A M0 [ 4 S8 28 5 TE DA 0 AR
HOr AR AR i & T AL (AUC =
0.792) FA: T B—38 458 CD4™ T Ik T 41 15508 EL
i, Hosmer-Lemeshow L& 1 BE 46 56 7 |, % B
T 55 52 o U0 000 45 0 400 B R AT, B R % R R X
HAND EA B4 m ., WL 3,

:

Models
——— CD4* THEMR (AUC=0.792)
—_— R

02

00 L I L )
0.0 02 04 06 08 10

1-H5H

B3 CD4" TikhkBEHAITH KX % HAND B ROC #i&k

3 iTig
AIHFELE A MoCA 5 ki 5 BUE =70 B, REETT
£l T HIV/AIDS & WA DD IR S B AR S I PR
SRS R — R T AR A 25
TN, Y 43 1% B AEAE NI GG, 37K R 7E cART
BHAC, HAND Y HARIHZE Y, X — A 5 BEAE S
HRHE 9 23K HAND 9% 30% ~ 50% L S [
NBELY 40% L) _E K- S6AR—80% ) MoCA PEAh
SRR NS R R PUT OB BT
Rz A A5 2 A YE B3 0 2 T %, R A g &2
BRAZIFAE ' BOR{UIGIE T MoCA 7E - 1118 1
HAND A U 3 7R HAND Iifi R EBLAY & 4
P, T e A AV B A A e
TERZAR A T, ASBIE 5T K BN R0 s i 20 11 7 5
Gk T /RN AR VA TR T N LAY T
A DX A DL B 8 25 A e AE i RS BE AT A9 A
F , 25 SRR S RS #E HAND &A%
SRR I AR Ry 2 2] 502 B R D i X
BN 5355 PATDIREB VI, iIX 5 R WF5E Mo-
CA Z5J A 23k SZ R AE AR > AR R &
PRI E R T B A 4 4 A i 5 A8 4K, 3X 55 Chen
SRS TR IE 9 )2 2 R S A 4 SR AT A
25, RS TRRIR TREA & B B BOR T, DA
FAGE I iy R 25 AR DG, AR B 9 SR T 1R
FRF RS 7 X285 A8 B Ay 50 T 8 -0 5 >R FH )
SRR LS (DT A RERE SR B (EMRI) 7] 78

93

RTINS 2 Wi R I A5 h) S, DA e R 17 22 S 4%
R ARG PRI B 1, A 5T % BRI 0 R 2 Y
CD4" Tk A R FH R T IEW A JFEZ R R
Logistic B EER R RS VA Al S - . K
REF AP A b A AR, S5k
FERFSE H CDA™ T ik I 40 At Ko H: e Al A3 (B 5 DA 0 e
P XU B VIAH SE Y Z5 18— 3 L CD4™ T ik EL 41 g
T I R AR N T A N G S B A X i
FEPE A 0 A2 0 3R I A 5 B 5 L, 3 R 22
BN RE R R AHIRSE [ R | Bk 12
B ) 95 25 33 7 s i) %) 22 57 75 T 6 5% i DA EDIR
A, 3k — 25 T RS WA S IR T
HAND P #5 i) BB fEdE S N4 H &R
W B KT S5INABRG ) & R YA, AT
IR AR AE DT A 0 B A B e B B R
FE KT A AT A8 3 2 N 0 Aig A L e
HAND B, if B0 MoCA I HIE4E R, X5
REAAT 7T 4t O BB AL IEXT MoCA 58 Y 0b B —
], R, 7R SEBR I B I R4S A E K IE
A AL A B, DL SR v DF A6 A9 o ot 1k RN oS
PRI AT AR R T, AR B ST AL A 2 R
Logistic [A[JT# A% 47 CD4" T bk B 40 g /K S L L
B RRIE R 78 RS b, 2 B 5 v A ) B sk e,
AUC T 8 —38%r, 3 4 Hosmer-Lemeshow L5 11
FERG Y6 50 IF T AR A 5 S BRI i — b, 1R85 R
PEoR I PR S B v 3 ) 22 4 3 48 AR K A5 4 AT, AT 8K
PR B A R, X 5 Nightingale %)
P2 ) Z B T AE 2L AR s 48 = RAUE 5 R R
IS —B, L, AR 5E 45 AN HAND & 16
TR PR O A $2 (15 T SIEIE S RE, o R A
AL BRI IR T 2%

B E R A, A58 7 B R 240 B v e BTG
BIERRE KM N AAAEZES (A2 H R
RIh R R I R ol sr I, 33X 53 40 0 7 e 0 A X8
SR HAND O AO/E AR e e —37, X —2%
SN, R R T ES 5 HAND k4 L&, H
ZBRFREA HERR 24 A8 45 ), AN [R5 25 R A7 A
£ 5 AR Z o it — £ 56 aE

ARIFFEAAE LT AN R 1 %8, A5 s
[ i P A O 1 T 5, AR AR A PR, LR, AR
BT TR R 2E R 255 DTLL IMRI 35 i %]
26 5 F A5 W ARURR Y Z A T B, T RBARAR R s
BRI ED ) G, MoCA BN UK i T ],
B9 2B K500, BIAE 471 1t D 52 41
BRim ™

25 R, AR5 S MoCA R SMAE



94

P& B, HIV/AIDS 585 DB RG & A R
R K F, CD4T T ik B 40 A
FEZ R A HT e S A ST AR 4 R 2 $R e i
HHACEE TR i EZEEH, REA
B 7K TG 235 P A R R A i AR (H 7 B R 2R
ST AT ELAT B R B SC, 7 I PR VA A0 JRURS: 11
H T LUISETE . ARRBEIT I AEZ oty RAEAR LA
TFRR MBS, 2 B HAND 9 H SR A8 JLA
2 Jey s 78 vk b A R BL: DTILMMRI
I X 28 45 ZZ RS S AR 2%, T 25 6 R S i A2 )
PR, DL 22 )2 R s i 22 2540 5 T REAR 255 7E A
HIPEAR T, f0 Ak i 2 N IR N R E RLE, LLR
T P AR ; R AR 2N T RE RbL AR 2 2
FARALE HAND F50 o (4 07 38825 8 57 8 6 I K
AG A R 2E 5 b 00 22 4k B UK 2 |, 9 HAND
(R SR ANAA  F9 K 300 A B4R B 1 52 1)
AR

[ &% k]

[1] Eggers C, Arendt G, Hahn K, et al. HIV-1-associated neurocogni-
tive disorder: epidemiology, pathogenesis, diagnosis, and treatment
[J]. Journal of Neurology, 2017, 264(8) : 1715-1727.

[2] BEUEE, X35, MATH, . ¥ E HIV X WEAmER LR
F M Meta 2 AT[T]. & B 3CH#E MG, 2021, 27(5) : 494-498.

[3] Aok, TE#, A4, %. HIV/AIDS j& (7 HIV 48 X 4 494 4o
WA EELHI]. T EF, 2024, 36(6) : 461-464.

[ 4] Israel SM, Hassanzadeh-Behbahani S, Turkeltaub PE, et al. Differ-

[l

ent roles of frontal versus striatal atrophy in HIV associated neurocog-
nitive disorders [ J ]. Human brain mapping, 2019, 40 (10):
3010-3026.

Herold CJ, Kong L, Ceballos ME, et al. Neurological soft signs and

—
W
[

brain morphology in people living with HIV[ J]. Journal of Neuro-
Virology, 2022, 28(2) ; 236-247.

—
=)
[l

Cysique LA, Soares JR, Geng G, et al. White matter measures are

near normal in controlled HIV infection except in those with cognitive

impairment and longer HIV duration[ J]. Journal of Neurovirology,

2017, 23(4) : 539-547.

(7] &34, 2E%F. HIV A X ZA kgl ik B #5454 4E 69 MRI #
SHHRFFEARI]. #IRAA, 2019, 10(6) : 456-460.

[ 8] Heaton RK, Clifford DB, Franklin Jr DR, et al. HIV-associated neu-
rocognitive disorders persist in the era of potent antiretroviral therapy
CHARTER Study[ J]. Neurology, 2010, 75(23) : 2087-2096.

[9] Herrmann S, McKinnon E, Skinner M, et al. Screening for HIV-as-

sociated neurocognitive impairment; relevance of psychological fac-

tors and era of commencement of antiretroviral therapy[J]. Journal

S E BRI AR 25 2026 45 7 A5 23 &5 4

of the Association of Nurses in AIDS Care, 2019, 30( 1) ; 42-50.

[10] Janssen MAM, Bosch M, Koopmans PP, et al. Validity of the
Montreal Cognitive Assessment and the HIV Dementia Scale in the
assessment of cognitive impairment in HIV-1 infected patients[ ] ].
Journal of Neurovirology, 2015, 21(4) : 383-390.

[ 11] Cersonsky TEK, Mechery S, Carper MM, et al. Using the montreal
cognitive assessment to identify individuals with subtle cognitive de-
cline[ J]. Neuropsychology, 2022, 36(5) : 373-383.

[12] Chen P, Wei X, Tao L, et al. Cerebral abnormalities in HIV-in-
fected individuals with neurocognitive impairment revealed by fMRI
[J]. Scientific Reports, 2023, 13(1) ; 10331.

[ 13] Nightingale S, Ances B, Cinque P, et al. Cognitive impairment in
people living with HIV ; consensus recommendations for a new ap-
proach[ J]. Nature Reviews Neurology, 2023, 19(7) ; 424-433.

[14] Chen Y, An H, Zhu H, et al. White matter abnormalities revealed
by diffusion tensor imaging in non-demented and demented HIV +
patients[ J]. Neuroimage, 2009, 47(4) : 1154-1162.

[15] Thompson LJP, Genovese J, Hong Z, et al. HIV-associated neuro-
cognitive disorder; a look into cellular and molecular pathology
[J]. International Journal of Molecular Sciences, 2024, 25
(9) : 4697.

[16] Kolson DL. Developments in neuroprotection for HIV-associated
neurocognitive disorders (HAND) [ J]. Current HIV/AIDS Re-
ports, 2022, 19(5) : 344-357.

[ 17] Fazeli PL, Casaletto KB, Paolillo E, et al. Screening for neurocog-
nitive impairment in HIV-positive adults aged 50 years and older:
Montreal Cognitive Assessment relates to self-reported and clini-
cian-rated everyday functioning[ J|. Journal of Clinical and Experi-
mental Neuropsychology, 2017, 39(9) . 842-853.

[18

[

Belfiori M, Salis ', Podda C, et al. Assessing cognitive impair-
ment in HIV-infected: a comparative study of international HIV
Dementia Scale, HIV Dementia Scale Italian version and Montreal
cognitive assessment in clinical practice[ J]. Journal of NeuroVirol-

ogy, 2025, 31(2) : 131-144.

—
—_
=)

[

Nightingale S, Winston A, Letendre S, et al. Controversies in
HIV-associated neurocognitive disorders[ J]. The Lancet Neurolo-
gy, 2014, 13(11): 1139-1151.

[20] Yu B, Pasipanodya E, Montoya JL, et al. Metabolic syndrome and
neurocognitive deficits in HIV infection[ J]. JAIDS Journal of Ac-
quired Immune Deficiency Syndromes, 2019, 81(1): 95-101.

[21] Bandaru VVR, Mielke MM, Sacktor N, et al. A lipid storage-like
disorder contributes to cognitive decline in HIV-infected subjects
[J]. Neurology, 2013, 81(17) : 1492-1499.

[ 22] Stubbe-Drger B, Deppe M, Mohammadi S, et al. Early microstruc-

tural white matter changes in patients with HIV; a diffusion tensor

imaging study[ J]. BMC Neurology, 2012, 12(1): 23.

(ki H 39 :2025-09-27 ;1 [ H #1:2026-01-15)
(AR HwHE AR B



