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TS BRI 56 (SDMT) #5430 AL (P < 0.05) . T2DM 1 HC £ Brain-PAD 43512 1.619( —4.001,8.272) % . —1.289( -
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BFE 2 6 FHICSE ARSI SR~ AT Z 430 A
F Y T2DM i W5 o o8 S48 FH v [ PG i oK 2
JAE N e A % B 5245 B £E (southwest university a-
dult lifespan dataset, SALD) """ [ sMRI %444 22 igi
B TN AL, R0 T [E T2DM FR 3 Il e 2 7 1 I
SR AR R R o

1 #R5H®

L1 FARMK
L1.1 Ak 44E T2DM 41 104 i Ffd bR
X7 HR (healthy controls, HC) #2H 83 i, 4F % /0 ) &
(45.9 £8.3) % . (46.1 +7.4) % . ¥ A F T
W, BEFER=64, O T2DM 4]:2019 4£ 12 —
2022 4F 6 4 55 L BE B R o — B s = e N )
WARE T2DM [ ]2 80T Bt i ¥ 104 4], 49455 (rp E 2
RUBE BRI B v 46 1 (2020 4E ) ) il € [ T2DM 12
e HERRBRIE  T2DM AR T 1 45 ; fi RS i
JRZS 1 F (mini-mental state examination, MMSE ) <
26 43 A A AN (B0 TR B85 TN s 25 Wi s ™
LI I8 5 46 R 5 T R IDRRAE 5 IR I W & A A3
Z0T0HE S8 MG K MRI =4 Al 8.0 FiL i 5% MRI
FRSIE . @ HC 41 [RlIAk IX ) 45 FH SE fd Fe i S
83 No HEBRARIHE 4 bR OB o 15 38 5 R A4S
PR B A ™ B 5 A IR A A (B0 TR T
SIS F MRT 49 4 Al 280 31 4 48 MR 25 &
it o AWITETA 258 M2 S R 245, B A 4L
PREEA AL, 755 S bR R GEPEAC B oF A 20K, 7
(BR/RFEREEF) o

AR A i A 2 5 3 1 S L T g0 BN
i, : MMSE W5 16] 152% > I 5 ( auditory verbal learn-
ing test, AVLT) 475 074 2L M 565 (symbol digital
modalities test, SDMT) Fl13%EZ& M| 5 ( trail making test,
TMT)-A.,
1.2 RFHEE  HLHSALD 329 & {a kI
HLEOAM T AER (38.2 £13.8) %, 55 122 fii,
20207 {9, SALD T ARAT 74 R o il 5 4 O AR B
O P OMR BT F) A S 5 E AR E,
T UL
1.3 sMRI E&RERFALE
1.3.1 Au##%E KM GE A7 3.0T MR 444
X (Discovery MR 750 w) 24 i 15 Sk ARLK Fel , PEHE 4
FUAHE BRAVO J7 91, 58 B 43 B3 3D T1 ALK,
BAA () :8. 5 ms; [ [A):3. 2 ms; [ f%
IFIE] 1450 ms; BHAL Ff : 12°  JH1FF 256 x 256 2% : 1

mm; JZ [A] FE 05 JZ 4 1883 MR A 5 R 4& I 1] : 296
$)o

1.3.2 »FF#3ES KM Siemens 22 7] 3.0T MR
AL, EFE MPRAGE J¥ 41, 47 i 73 $F5 T1 fin
FELE G4 (FE BT A] .1 900 ms ; [B] 35 i 8] . 2. 52
ms ; [ ][] : 900 ms ; B %% £ : 90°; [ : 256 x
256;%@:1 mm;)%'%ﬁ(;l76) o

1.3.3 AR GzJ] SPM8 F AT 047 2 4
B sMRI MR, i 2o B TR R B 8% (VBM)
OINT AR R4 2 5 1K BT R ( gray matter vol-
ume, GMV) [, LIRANTT . i AR HES HIBIR 53
LG KT B AR ;@ i 1] DARTEL ¢
A IR 5 FE I BCHE 2 MNT AR UE =S 6] s @) FORFE 2R
I.5mmx1.5 mmx1.5 mm IEE ;@ KFHEERE
53 bR AL 5 AR L 51 AR , 15 31) GMV &,

1.4 M@EREFiNaEs 5T 5 B 3hhnid (ana-
tomical automatic labeling, AAL) ' #i4z 2 /> %4 42
245 5H 1 2m GMV ERI53-8 116 KX, 22
Bk 58 ANl DX (KM /N 43391 4y 45 .13 4>)
A X1 - 34 GMV 355 Sy 390 I AR Y (14 R AiE 22
— HAE YT ENLES ¥ 2 (Gaussian process ma-
chine learning, GPML) #X {4 fJ ( www. gaussianproc-
ess. org/gpml/code/) H & ¥ i A2 [ 9 ( Gaussian
process regression, GPR ) F 4 BUMELR) 3 3 3¢
Pemk AL . ZREE R AT B4R (n =329) ,
WIZRid B bz I 38 IRk, S SCRE - 14
#5515 22 ( mean absolute error, MAE) . 3 J5i% 2
(mean squared error, MSE) ] 75 H{ 1% 22 (oot mean
squared error, RMSE) 3346 X} 71 43 H iR 22 ( mean
absolute percentage error, MAPE) X} g2 4 %f 1%
7z ( symmetric mean absolute percentage error,
SMAPE) Pearson #1362 % (r) Flph & R EL(R?) PF
Hro BRAMNATFELESE , SALD 5345 120 44 fd Jfe 75 I
& TS M A H T e iR AL

1.5 RAKETNEE G EARMEBIEE VN
W PRI ASEAY | A5 30 A b K040 46 i A 2 5 45 1) 00 kg
%, 1155 Brain-PAD ( F500 ixi i — AR BRAE Y ) , HO#K
T2DM 5 HC 4 Brain-PAD 2= 5, 57 T2DM i %
Brain-PAD 5#e TARIIAH G

1.6 Zit=4b3E  fdi 1] SPSS 23. 0 #4740#, IEA
SATHRVER L = = 07, ML R 1 R HAEAL
2258, AE IR0 8HE L M (P, Prs) KRR,
Mann-Whitney U 6 5 ] 3~ 4H 8] bb &8, 1 53] 40 A] e
BATRITRS . WO R 0% 5 52 PRAE i O AHOC R & r
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% Pearon #5620 Hr o %7 T2DM 235 Brain-PAD 5
i AR 5C R AT Pearson AHIC/0H7, P <0.05
ZESRAGIFE L

2 HR

2.1 FREEEANDOZE A, G RIEARATE E L
B T2DM F1 HC P4 B4R M0 B 4E R 4
i GMV . fi N 2 {& FH ( total intracranial volume,
TIV) 2253 LGt 75 L. 5 HC A AL, T2DM 4
B AVLT 2538012 (t = -4.407, P <0.001) ,AV-
LT Bk (Z = —2.910, P =0.004) .SDMT (¢ = —
2.180, P =0.031) 154y 54K, /& i i ( body mass in-
dex, BMI) (¢ =2.918, P =0.004) g4 & (¢t =
2.821, P=0.010) B, W1,

2.2 HSRFITNER RS LT GPREY
Jioi 93 T A5 B ) MAE \MSE . RMSE . MAPE . SMAPE |
R 4y %I J& 6.589,69.382.8.330,19.768 ,18. 538,

®1 AHHEEEANOZRE. G

0. 634, BRFLE (n = 120) 15 21 52 bR AF 14 55 T i %
A R EL(r=0.783, P <0.001) . &S
Jir A R AR IR + A ) HC (0 =412) |
ISR AR T T RS R (n =329) FH FAMIK
IS UE A g R R IR (n = 120) S A Hb B4 45 iy HC
(n =83) iy Brain-PAD £§ 1EZS /0 A, B 7 & LA
1, W1,

2.3 ET GPR H{yfuib N EE E AR EIEER
MR AR B 2 5 2 00 w0 G % | A PEAR
## \Brain-PAD L3 2, 5 HC fHEL, T2DM & 4 1
A 5 A5 BEAR IS B 25 BE R R, LI 2

2.4 ZHi¥iELth T2DM &3 Brain-PAD 5%
ROAFIESRIERES T BRI T B,
T2DM £ % Brain-PAD S5 Ik 6, 5 AVLT BJ
ZI5C4Z.(r =0.291, P =0.003) AVLT ZERCHZ(r =
0.248, P =0.011) .SDMT 784} (r = 0.376, P <
0.001) R IEHIX, 55 TMT-A 52& i (r = —0. 206,

TEMINFAIESD (v xs)

Tab.1 Demographics, clinic variables, and cognitive scores in local database (x +s)

Index T2DM (n=104) HC (n=83) 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 2 =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 (em®) 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 9.3+2.1 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 t=2.918 0.004
Systolic blood pressure (mmHg) 135.1 +11.3 112.0 £15.8 t=2.821 0.010
Diastolic blood pressure (mmHg) 89.5+10.2 81.2+9.7 1=0.132 0.867
R2 AHiEIESE 2 BUBER AR R AR LR (v 25)
Tab.2 Group comparison of brain age in local database (x +s)
Variables T2DM group (n =104) HC group (n =83) t/Z 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, ,Ps ] 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 obtained by Mann-Whitney U test, the black hor-

izontal line in scatter plot represented median.
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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
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Dialysis vintage, hemoglobin level, and fluid-overload index (E/I) are independent risk factors for PAH in MPD
patients. The nomogram based on these parameters reliably predicts PAH risk and may aid clinical decision-mak-
ing.

Key words maintenance peritoneal dialysis; echocardiography; pulmonary hypertension; constituent analysis;
fluid compartments; nomograms
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Evaluation of brain aging in patients with type 2 diabetes mellitus

by structural magnetic resonance-driven machine learning model
Wang Jie'”, Miao Ziyue’, Chang Jiayue’ , Wu Xingwang', Zhu Jiajia' ,Cai Huanhuan'
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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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