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Tab.1 Demographics, clinic variables, and cognitive scores in local database [ (x =s) ,M( P, ,P;5) ]

Index T2DM (n =104) HC (n=283) Statistics P value
Demographics
Age (years) 45.9 +£8.3 46.1+7.4 t=-0.117 0.907
Gender ( Male/Female, n) 76/28 54/29 Xz =0. 000 1.000
Education (years) 10.2 +3.4 11.5+3.8 t=-0.372 0.711
GMV (em®) 649.6 £66.6 664.4 +66.5 t=-1.621 0.107
TIV(cm?) 1414.0 +150.5 1434.1+125.3 t=-0.978 0.329
Duration of diabetes ( months) 86.4 £67.2 - - -
Cognitive assessment
MMSE 29.0 (28.0,30.0) 29.0 (29.0,30.0) Z=-1.634 0.102
AVLT-immediate recall 8.9+2.0 9.3x2.1 t=-1.502 0.135
AVLT-delayed recall 9.1+3.7 11.1£2.8 t=—-4.407 <0.001
AVLT-recognition 14.0 (13.0,15.0) 15.0 (14.0,16.0) Z=-2.910 0.004
SDMT 48.0+12.1 52.1 £13.0 t=-2.180 0.031
TMT-A (s) 37.5+13.3 36.4+14.3 t=0.253 0.602
Clinical variables
BMI (kg/m?) 25.3 +3.5 24.0+2.6 £=2.918 0.004
Systolic blood pressure ( mmHg) 135.1 +11.3 112.0 £15.8 1=2.821 0.010
Diastolic blood pressure ( mmHg) 89.5+10.2 81.2+£9.7 t=0.132 0.867
R2 ARG 2 BBERFAEER BB ILR (v 25)
Tab.2 Group comparison of brain age in local database (x +s)
Variables T2DM group (n =104) HC group (n=83) t/7 value P value
Predictive brain age (years) 48.342 +7.972 45.612 £6.907 2.507 0.013
Age (years) 45.910 +£8.340 46.126 +7.393 -0.117 0.907
Brain-PAD [ M( P,5,Ps5 ] 1.619 ( -4.001, 8.272) -1.289 ( -4.128, 4.134) 2.056 0.034
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Fig.1 Histograms of Brain-Pad in participants of different datasets

A: Healthy volunteers in public database (n =329) ; B:Healthy volunteers in public database and healthy controls in local database (n=412) ;C:

Healthy volunteers for external validation (n =120) ; D: Healthy controls in local database (n=83).
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Fig.2 Group comparison of Brain-PAD in local database
Abbreviations; Brain-PAD, brain-predicted age difference; HC,
healthy controls; T2DM, type 2 diabetes mellitus; The P values were ob-
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Fig.3 The correlation between Brain-PAD and cognitive performance in patients with type 2 diabetes mellitus

A: The correlation between Brain-PAD and AVLT-immediate recall; B: The correlation between Brain-PAD and AVLT-delayed recall; C: Associa-

tion of Brain-PAD and SDMT; D. Association of Brain-PAD and TMT-A.

JE 0 ~ 1, 1, LRI G B R AT, T0I0 M
RS w0 (E 5 T S H W 22 5 K/, MAE | MSE
RMSE \MAPE SMAPE #/), {5 B #0{ 5 B 92{E 1Y
2 SR IN, T (%) MERf P s . ARBIFSE R ] GPR
Ty R A % T AR B SR . GPR & —
S BRI 2 Ao, F T m 2 o FEA
LS5 2% Il B, 22 300 fii 0% BF 5 >R I GPR. ) 7t
B, HVARRE R A B ST R B, 15 S i [ U A
LU, 5 B GPR ) i i T IS Y - {3 /35 \MAE T/
RV IR S0 A5 o 8 0, TOUI0 A B 1 O . — TR SR
TR BESE " L2 A2 TR B SR e S (n =
3 377)T1 JiAL MRI [ GMV Rl 24, ¥ 8 GPR it
WATHIAE T - {H 3K 0. 97, J AR 58 $2 4k 7 e 24K
o

A FEBEBR i K 0T A R S A A P A 78
S R Ay G R I 5 4 R O 2 A G . BRAR IR I K, I
HMGAARER D , B 2 AR I VA N 5E . Bk K
AR E ] 0.49% +1.19% ", Antal et al”’' A
kg, T2DM 5 R 53 AR ARk 20 11 3 B8 Lb OE 8 A 32

2126% o AT SZRRX—W A .

WG, T2DM K i 5 72 B 5 A 1 T fig
TREA G ARIAE I A5 BN T i Bl A
JrTH o TR AR T R DL _E A D A
SR IX , %18V 5 B IR AU AT REAEAE LT
TREAE B SE R T D AR A K
2 v I 5 | A P SR A RS 52 R oo i | I A
AR, 3 I P AL R S, KAk e
INFIDIREIGR . @ “ RS RHILPL Ul B KRGS
T A7 BHL T B I K BT, 2 B-TE R AR AR
TR, R B . @ “Bg B EREL” 2= Uk 1
Fiti T2DM B fg BRI ZEEL, B R £, R e 4
T i 0L = AU Y S e DA

B4 SCHRY i E, T2DM 3% 3 Al K, Brain-
PAD #K . (HJE, A58 IF R & I 38 O AH Gt
AHEARAE R 104 ] T2DM 52 60 % LI F gy
B, K2R <8 4F I TE MM LML T fE 2
R B AFAE IR SR

AT 6 35 [ P98 T Bt 4 SALD Al Zh4E,



- 2158 -

ZHEAR K FFIR  Acta Universitatis Medicinalis Anhui

2025 Nov;60(11)

Jeth T SALD MIA b K dle £ 2 55 38 A i sl 22
SN & AT R R Z — 2 R A i
A IR MRS . HOK, SABE ST B — S
HHLL , 2553 MRT B RS2 i o F nf  SE 4 I A K
R . RUE 2L Las 7 ) Tk Bz B ik
ﬁﬁﬁf,ﬂiﬁix_ﬁigiﬁiﬁié§%iﬂ<,%%é?éit%u) MRI %¢
B, SR TR JEE 2 20 5 TR 1) 3 T 468 T R SR B 5 T
I o, B A U 4R 1) T2DM 411 HC 21 2
2 A SLRC, (R A IR E M AT SRR h 2 5
H RIS AT B, i RES R A5 R W . R
A5 58 T2DM FASI, Fe 70 #2402 BEAS MRT %idls,
WA Z G B PR BRI R A b , LA T 12, 3 i i
PO HERA 1, RS T2DM S SO 22 1 B AR 4
Py X3

Lk LA BT E AT BE SR il Hlde s )
i % TIN5 7R A o T 2 A A AR P A R M A B
A%, 7 # Brain-PAD X — % W A5 5, A B T & Ak
T2DM 55 RN R L, #5975 Brain-PAD 5 1A
HITIRE T FEA 5%, #h 58 1 [ PN T2DM 35 il e AH 5%
WEFE, b [ T2DM 5 DR D RE R 5 1 B 1 42 1t
2%,

P LR

[1] Szablewski L. Associations between diabetes mellitus and neurode-
generative diseases[ J]. Int J Mol Sci, 2025, 26(2); 542. doi;
10.3390/1jms26020542.

[2] Espeland M A, Bryan R N, Goveas J S, et al. Influence of type 2
diabetes on brain volumes and changes in brain volumes: results
from the Women’ s Health Initiative Magnetic Resonance Imaging
studies[ J]. Diabetes Care, 2013, 36(1): 90 —=7. doi;10.2337/
del2 -0555.

[3] XuY, LuJ, Li M, et al. Diabetes in China part 1; epidemiology
and risk factors[ J]. Lancet Public Health, 2024, 9(12) . 1089
—-el097. doi:10.1016/S2468 —2667 (24 )00250 - 0.

[4] Sun H, Mehta S, Khaitova M, et al. Brain age prediction and de-
viations from normative trajectories in the neonatal connectome
[J]. Nat Commun, 2024, 15(1): 10251. doi:10.1038/s41467
—-024 -54657 -5.

[5] Antal B, McMahon L P, Sultan S F, et al. Type 2 diabetes melli-

complementary

elife, 2022,

tus accelerates brain aging and cognitive decline
findings from UK Biobank and meta-analyses[ J].
1. €73138. doi:10.7554/eLife. 73138.

[6] Dove A, Wang J, Huang H, et al. Diabetes, prediabetes, and

brain aging: the role of healthy lifestyle [ J]. Diabetes Care,

[10]

[11]

[12]

[13]

[14]

[15]

2024, 47(10) : 1794 —802. doi:10.2337/dc24 —0860.
Wei D, Zhuang K, Ai L, et al. Structural and functional brain
scans from the cross-sectional Southwest University adult lifespan
dataset[ J]. Sci Data, 2018, 5. 180134. doi; 10. 1038/sdata.
2018. 134.

PR R SR A A 2, R KTE. P 2 BB IRE B TR FE
(2020 4ERR) [J]. sPAEgTIRAG AL S, 2021, 13(4): 315 -
409. doi:10.3760/cma. j. cnl15791 -20210221 - 00095.
Diabetes Mellitus Branch of Chinese Medical Association, Zhu D

L. Guideline for the prevention and treatment of type 2 diabetes

mellitus in China (2020 edition) [ J]. Chin J Diabetes Mellit,

2021, 13 (4): 315 —409. doi: 10. 3760/cma. j. cnl15791 —
20210221 —00095.
Desikan R S, Ségonne F, Fischl B, et al. An automated labeling

system for subdividing the human cerebral cortex on MRI scans in-
to gyral based regions of interest[ J ]. Neuroimage, 2006,31(3) :
968 —80. doi:10. 1016/j. neuroimage. 2006. 01. 021.

Han S, Chen Y, Zheng R, et al. The stage-specifically acceler-
ated brain aging in never-treated first-episode patients with depres-
sion[ J]. Hum Brain Mapp, 2021, 42(11) : 3656 —66. doi:10.
1002/hbm. 25460.

Jha M K, Chin Fatt C R, Minhajuddin A, et al. Accelerated brain
aging in individuals with diabetes: association with poor glycemic
control and increased all-cause mortality[ J]. Psychoneuroendocri-
nology, 2022, 145, 105921. doi: 10. 1016/j. psyneuen. 2022.
105921.

Anderson V M, Schott J] M, Bartlett ] W, et al. Gray matter atro-
phy rate as a marker of disease progression in AD[ J]. Neurobiol
Aging, 2012, 33(7): 1194 -202. doi: 10. 1016/j. neurobiolag-
ing.2010. 11.001.

Zhang T, Shaw M, Cherbuin N. Association between type 2 dia-
betes mellitus and brain atrophy; a meta-analysis [ J]. Diabetes
Metab J, 2022, 46 (5): 781 - 802. doi: 10. 4093/dmj. 2021.
0189.

Arnold S E, Arvanitakis Z, Macauley-Rambach S L, et al. Brain
insulin resistance in type 2 diabetes and Alzheimer disease: con-
cepts and conundrums[ J]. Nat Rev Neurol, 2018, 14(3): 168
—81. doi:10. 1038/nrneurol. 2017. 185.

A M, THME, W5 AF, % Nesfatin-1 25 5 WL 04T &
H 2 BORIO B AT DI RESA [ T]. G BL R 2 4R,
2019, 54(12): 1966 - 71. doi: 10. 19405/j. cnki. issnl1000 —
1492.2019. 12. 026.

YuY, Wang Y Y, Chen Z, et al. Nesfatin-1 involved in the im-
plementation of functional impairment in patients with hyperglycat-
ed hemoglobin type 2 diabetes[ J]. Acta Univ Med Anhui, 2019,
54(12): 1966 - 71. doi: 10. 19405/j. cnki. issn1000 — 1492.

2019.12.026.
(F4:% 2165 )



ZHEAKFFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11) + 2165 -

patients. The nomogram based on these parameters reliably predicts PAH risk and may aid clinical decision-mak-
ing.
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Evaluation of brain aging in patients with type 2 diabetes mellitus

by structural magnetic resonance-driven machine learning model
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Abstract Objective To explore the brain-predicted age difference (Brain-PAD) in patients with type 2 diabetes
mellitus (T2DM) by a machine learning prediction model based on structural magnetic resonance (sMRI) in the
Southwest University Adult Lifespan Dataset (SALD) , and to reveal the relationship between Brain-PAD and dura-
tion of T2DM and cognition. Methods  Group comparisons about demographic variables and cognitive function
were conducted respectively in local database of 104 T2DM patients and 83 healthy controls (HC). The prediction
model via Gaussian process regression (GPR) was constructed by training sMRI data of 329 healthy volunteers in
SALD, then its performance was validated and evaluated. Furthermore, Brain-PAD ( predicted age-chronological
age) in the local database was calculated. Group comparisons of Brain-PAD between T2DM patients and HCs were
conducted by Mann-Whitney U test. Finally, Pearson correlation coefficient (r) was calculated between Brain-PAD
and duration of disease and cognition. Results Poor performance in auditory verbal learning test ( AVLT) -delayed
recall, AVLT-recognition, symbol digital modalities test (SDMT) (P <0.05) , and increased Brain-PAD were ob-
served in T2DM patients, compared with HCs [1.619( —4.001, 8.272) years vs —1.289( —4.128,4.134)
years, Z =2.056, P =0.034]. Notably, the median of Brain-PAD in T2DM group was positive, indicating that
the brain of T2DM patient maybe relatively “older” than his chronological age. Brain-PAD in T2DM group was as-
sociated with performance in AVLT-immediate recall (r =0.291, P =0.003), AVLT-delayed recall (r =0.248, P
=0.011) ,SDMT(r=0.376, P =0.001) and trail making test (TMT)-A (r= -0.206, P =0.036). However,
the relationships between Brain-PAD and duration of T2DM were not explored. Conclusion Decreased cognitive
function in patients with T2DM is demonstrated in this study. The machine learning prediction model based on
sMRI supports the identification of brain aging objectively in patients with T2DM.
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