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Abstract

Objective: To systematically evaluate the risk prediction models used in China to predict the occur-
rence of cognitive frailty in elderly patients with type 2 diabetes mellitus, and to provide a reference
for clinical selection of risk assessment tools and follow-up studies. Methods: Computerized
searches were conducted for relevant literature published in CNKI, WEIPU, WanFang Database,
China Medical Journal Full Text Database, PubMed, Embase, and Cochrane Library, and the search
was conducted from the establishment of the libraries to March 2025. The included studies were
evaluated using the PROBAST risk of bias assessment tool, and meta-analysis was performed on the
model differentiation index. Results: A total of 10 studies were included, all of which had validated
models and reported discrimination at model validation using the area under the curve (AUC) of
the subjects’ work characteristics, with nine studies having an AUC > 0.8 at model validation. Nine
studies reported model calibration, and six studies reported an assessment of clinical utility. The
most common predictors included in the models were age, depression, and nutritional status. The
risk of bias was high for all studies, and the applicability of the included studies was good. Meta-
merging of the AUC at model validation resulted in 0.876 (95% Cl: 0.846~0.907), suggesting that the
models were overall well discriminated. Conclusion: The modeling quality of the cognitive frailty
risk prediction model for elderly type 2 diabetic patients was good, with high discriminability but a
high risk of bias in its application and a general lack of external validation. Further improvements
are needed in the selection of study samples, raw data processing, use of algorithms and statistical
analysis. Future studies may consider constructing new predictive models with reference to meth-
odological guidelines and validating them.
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1. 5|

B K7 (Diabetes Mellitus, DM) & —Fh B T By 2 0 AN /2 TR &5 354 FH S2 R Bl =& e A1 51 & (1) BA
e IR D = BERRAE (R 18 4 S AU 50 [ 1] o AR o3 B AR B 2%, B SRIB 7T 7324 1 BB JRJ%3 (Type 1 Diabetes
Mellitus, TIDM), 2 %% /R %% (Type 2 Diabetes Mellitus, T2DM).  SE4RME 25 VR 2 b b s AN H At 45 3k 2%
BUBEPRE[2]. Foh T2DM SR . 1E3RE, 296 30%2 N A DM, 1fidH T2DM 255 95% [3].
T2DM 2 i il % 4 B 3 B M S 55 AR BE A S B hg i AT S G PR R [4] [5]. B T2 4F T2DM B # It K &
PRTEG AR B A RN BERS, I\ K1 %E 55 (Cognitive Frailty, CF)IX — M & 3R, "B E N HERR R /R 24 2R
i B A B R I 0L [ B A7 B PR O 55 AN FE N RIBRAS [6] . — 0 Meta /0BT 5 48 Hi[7], FRE
LA DM B CF RAR LN 17.1% HAEZ 4 DM (1B A#EH A =ik 35. 7% B35 #E & CF. DM 5 CF
Z AR R A e, EAREC T ICH AR RS B S A 32 5510 DM B3, & CF MEE B A E Ik
REFAE T AR [8]. CF EA TP, X A3 Jith LA 28000~ TUAe it m Y000 0 1 i e 5 B 1 AN R 45 )= 1 R
Ao PR, BB ZAE DM BE T CF RN A T BEME L. RE CF MBS
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i, ATV 2D T, (A A O 22 H TR T 2T 24 DM B 1 CF RS il A o
AT IS T AR GBI FE 52— N BB AU U, A IR BORH A5 PR O S R AR 2 FH B (P E R =
SRR G, H IR 0 i e DU ATE P A R adt— 20 50E, I 748 RN A T I R A AT AT PR 5
RICo WO T [E A BEXE 4 DM B3 1 CF XS B R AT R GEVE A VP, DAONIZ AL i
TERAMN RIS

2. ZINEH*E
2.1. MASHRRIRAE

AN S HEBR AR ES % T PICOS JEMI[9] (P: Population, EPWF5%t%; I: Intervention, i
Wit jiti; C: Comparison, BIXfH&#5jE; O: Outcome, RBI%5JR; S: Study design, R 772K%),

IINTTE L BRI 7T -

(1) WFARXTS: iz T2DM (13, F# > 60 %5 (2) WFFAIAY: BEWTTHAT T . 9 00T FEATT 55
BABIBTFE: (3) WEFEA A : 24 T2DM B3 CF XS T A (WA AL (4) 45)RTEds: LA T2DM
BEBIFRE CF AL Rfebr(AE CF R, filf5. BK): (5) IR E L ERE—IEENFTEE
KA HE,

FEER LA 15 50 BT 55 -

(1) SRV ZAF T2DM 88 K42 CF RGP R T A AR A (2) SCERMATF, ik, ik
P Meta 70t R BIHR A 5 (3) TLiESRAR E SR SCHR: (4) Bl iiE . 2 WU 55 T4 UA R 1)
SCHR: (5) CEALHTE S AR SCEEE S (6) GBI (7) EAERRMSCHR: (8) AL X
TEATHX AR, T R EAHIHNR BRI, H 2 BEEIRWAA . S0, WIS IEER
FHAEVE AR R ST Zh P A

SCHRAS 2R SR

AT NS IR THE RGP AT Meta 2 BT I Je i 2& H [10] (The preferred reporting items for sys-
tematic reviews and meta-analyses, PRISMA) 145 5 N 3EAT o 8 A 28 DUAS b SCEGHE e - b 0 L 48 )
T B AR ST & AR ST A SR e s AR = A9 SCE R & - PubMed . Embase. Cochrane,
i F A 5 3 BRSSO T2 B B 2025 4F 2 AR 4E T2DM B3 CF XU TS R 4R 5%
SCHER, HOCRE R 2 RUBEIRAE T . NSRS . RS . T L RSN L CRES
PR THE” o TN o CRBSVESST . “HIZRIET s JECR RN “type 2 diabetes” . “cognitive
frailty” . “elderly” . “aged” . “prediction” . “risk prediction” . “risk assessmenttools” . “prediction
model” . “risk score” . “prognostic model” . “nomogram” £&. LA PubMed A, HEAKKZA 2% 1.
Table 1. Search strategy in PubMed
%% 1. PubMed #& &R
#1 aged [MeSH] OR elderly [Title/Abstract] OR older adult [Title/Abstract] OR seniors [Title/Abstract]

#2 diabetes mellitus, type 2 [MeSH] OR type 2 diabetes [Title/Abstract]
#3 #1 AND #2
#4 frailty [MeSH Terms] AND cognitive [Title/Abstract]

#5 cognitive frailty [Title/Abstract]
#6 #4 OR #5
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#7 #3 AND #6

#8 predict* [Title/Abstract] OR prediction [Title/Abstract] OR risk prediction [Title/Abstract] OR risk assessment tools
[Title/Abstract] prediction model [Title/Abstract] OR risk score [Title/Abstract] OR prognostic model
[Title/Abstract] OR nomogram [Title/Abstract]

#9 #7 AND #8

2.2. THKTHIES FRHRE

ffF Excel Al Endnote2l HPFXFHE 2R T3 SCRikiEAT 25 H AR FE 5 HE N SCHR I TRDE TR RS . N PRIERIE 55 1)
FPEVERAEE, SCHRAO IR i T 2 A AN BB 5E . 1 44 70 38 AR N HEAR v X6 SCRIEAT 0 3k, SRR A%
AR CLFE T AN . W0 R 135 T AR AN EE 1 N RS R AT A BRI AL S0 R e 4 SCHk i
AT A SCVEABRIEE, 8 B AN AT 9T o TR 58 S 2 4B F0 N 3% 45 AT A LRSS, 5 4L,
D36 3 ) v B 5 1 5 = ST 9 3 ) DL IE Al 43R

FE TR BIRE T 2 Ge 1P 1 S5 P4k AN BHE SR B B[ 11] (Critical appraisal and data extraction for sys-
tematic reviews of prediction modelling studies, CHARMS)[{J45 5 '~ % 75 ZEHE B A H0d HEATVE A . TR 4R
BIENBAHE: B MR RRA, 708 A . BIRIGIE k. A AL ZREE IR IE SR OREA . Bk
PAGACHE v . PR V. T RO ik . BTN R A5 . A2 VR RREAE il 2% R TH AR
BT ) 2 I U4
2.3. IR FiE A 1T

EH P 44 WF 9 3 48 Wolff SE[12]0F A T A 284 1) 4 e XURS: P14k T2 7 (Prediction model risk of bias
assessment tool, PROBAST) X+ 4N AAIF 7 [ fa7 JRUS: A3 FH EHE4T VR4, PROBAST I EL Ak £ JXURS: Al FH 4
PO RS G 1084 53l L2 2 FEE 3,

Table 2. Risk assessment of bias assessment points for landmark issues in each domain

= 2. (RE KM & SRS M B A T A E S

PRI i R

- BRI R v BRI TR

BT R AN RIHERR bR R 4G 24 2

JITABIE TR R AE 75 2R P AR ABL AR F0300 B 75 S5 9Py K2
AU B (PR T AR R PR 45 S5 (R i3 T 34T 2

FE TSI (0 TR P IR R0 s, 75 T RASREDUBE 2R v i A3 000 X1 7 1O 45 6.
e PR 25 Ja) R 52 A 74 24

I AR 45 Je PR 78 SR Tt =42

FE 1 NI R S5 J5 i SR HERR PN 75 2.2

JITABIE TR R AE 7 R F AR BL RO PR 45 Jm 2 S5 4 T 2
5 SRR bR I 52 2 TR AR R T A 515 B L R EAT ?
I AL 5 PP A A 45 J=3 40 5 e T T B i 74 24 2

AR E I RS R A R T A A R R B S

v RPEESEAN G SR TN K AL B AR B A 15 2 7

B VPSS
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Table 3. Key points of assessment of landmark issues in each area of applicability evaluation

= 3. ERMITN & USRS e AT E R

PRI e 75 1A 1R A

— WX R JEUGHT FEANANRT GG R B 5 R GEVEAN 17 B2 T A AT 2

— AT JEAGRIT FE T R T8 S PRALFIPEAL I 8] 55 R GEVEAN ) AL T A AT 2
=. ImK4E )= SERIFE S W IR ] B AN 734 05955 R GEPPAT 1) R R AH AT 2

24. G FERE

{4 MedCalc20 5 gy N AR R GE VAR AR B AR 30 TIE I ) AUC HEAT Meta &9, 1 FH AR AREROR
H 0. briEiR(Standard Error, SE) Rl T 95%CI ) FFR5 AUC 2 ZRBREL 1.96 5. 415 12 < 50% H.
P>0.05, AW FLIRIANAELE S0 0, e Y ] s O MiARE 28 s 51 12> 50%3K P < 0.05, WA AHIF 55 ) 57 o 14
K, N3 FHBE AL SR AR

3. R
3.1 XEBHKREIRESER
Zoit PR T, AR R 2 R A SE 3RS 1806 £35S0k, 5\ Endnote2l # 5 5 E

SCHRJE, T4 1675 B o IXELETRISCERE LT BRI )G, A AFE) 10 F[13]-[22]. SCHRA Gk i fE e 45
LI 1.

3.2. INCEREIEAFHE

AN 10 FSCHR[13]-[22], T 5T A 28 25006k o A AL RO R G AN IE P B2 o T NS 0 (A
T2DM 24 B3, TGS RARMIE KA CF. BEATRR T 2023~2025 4, #5k HA RIS, Fra it
TR RIEII R B R B -1 & Ho S0t se, A 4 Bi[14] [15] [21] [22]8F 50 )8 TR i w75, 6 i
[13] [16]-[20] )& T g %t REAH 78 . FrE W 7irh, e AR SR 2 AL EESE[17]1 527 4, /bR FAE 55 [20]
(1 202 Bl Bk Yu ZF[22](RF 78RR 2 BT (R BH R RE AR AL, BT o S @B P A AR AT 12.14%
2 62.12%. AT ARHE L% 4.

3.3. R ER

FE AR BRI SR EAC BT T, B0 2 BU[L14] [16]8F FC-RaR H 1 ARFTT I, 7 5 Sl B A SRR >
59 FYAE AN 531 R A7 AE B sk SR RO RE A o 2 T RSB ATT 90 1) S0 el v, gk a2 ) T B B O SR v
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Figure 1. The screening process and results of the literature
E 1. XrrifiEidiE R ER

Table 4. The basic characteristics included in the study

4 MANMFEHRIEARSHE

wrs

SREAE@ E B

Bl RENWE gy PR BERE g b WWBRIES) MERAR
FHE13] 2023 W RIS EREE S CRTD) 321a 26.48%
Xz [14] 2023 K BEWTEOE S R & (D) 3384a;145b 20.12%
#34[15] 2023 N KW AT EREEEF & () 370a;138b 23.78%
Ferk[16] 2023 i REITERETA ERREGET S R RD) 262a 32.44%
FEE[17] 2024 HIM RGIIREEE EBEEET & () 527a 12.14%
X BegE[18] 2024 yilt JRBITREAIE T BER BT & (B L) 132a;88b 62.12%
KL 4F[19] 2024 SN BRI BEBEEEEE & () 215a 30.70%
EA5[20] 2025 A REXIEOIR ERAETE ) 152a;50b 39.47%
Yinhui Deng [21] 2023 ™%k BT EREEET S (D) 221a; 94b 27.60%
Qian Yu [22] 2025 B BT 5T ERFREOET & (R D) 300a;130b TlER
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Table 5. The construction status of the model

5. EEMMERR
- BRME BT

RATN

e TR TR F e vk T BEEE  mEEREE EPV
FrhEN3]  EER 17 BIKEST. ZRES 5 Logistic [[J9  Logistic |7 17
5 W A
Xz=[14]  HE >5% 24 BEES T ZEEDT 6 Logistic [1]J9  Logistic [1])9  56.33
fIRE A
= IA[15] TG R 24 BEEST ZEED 6 Logistic [0])34  Logistic [5])4  14.67
W R AFAE
FEmesk[16] FiEEgk 21 BHEEST ZEED 8 Logistic [0])3  Logistic [5])4  10.63
IIFEA
FHHE[17] TER 19 BEES T ZEEDT 7 Logistic [1]J9  Logistic 1[4 9.14
XIBEHE[18]  LfER 16 BEESNT. ZHEEST 4 Logistic [1]J9  Logistic [1]J4  20.5
IAE[19] KfER 20 BEESNT. ZHEEDHT 5 Logistic [1])9  Logistic [1])4  13.2
EMEF[20]  EfEE 20 BFEFESHT. LASSO [HJH 11 RS PR 5.45
Yinhui Deng o REHERERMT. ZHEES - -
[21] TfER 23 B LASSO [ 6 Logistic [/ Logistic [/[)3  10.17
QianYu[22] ZfER 22 ZRZE 5 H1. LASSO [ 7 Logistic [0/ Logistic [5])4  42.86

M 16~24 NAZE, FTAE BRI N BT FC R Deng Z5[21]RIWTF 0 T BRI R0 0. Z R A LASSO
[ =TT N R 1, HRIEH 7RI B Yu S[22]aF A, HoA 9 TR 1A
0T, 1X 9 Wi SR 8 TR A A 1 B DR 3R 22 R 2R A AFond PO BR - AT O Ak, AR AR [20] )2 A
T HPRZ A LASSO [BIH, T Yu ZE[22] W5t AT 7 2 B /A AT LASSO [R5, £ BT 1 il
DRI e, SRR 7 By 4 A, 28 11 A, Hor 70% (7/10) A8 S50 A 140y 5~7 > AR
RGN NN BT B 0 M RIS R I 2 REE, SR 7 — MR A, bR TR AR (2016 F 1 s
W&, H4 9 WWFE 4 A Logistic [HJHE4. EPV (Events Per Variable, A48 & 134150 [23] 218
FESY FAGE R P REAS B AR 5 BT 0 L AR BE M S 4, H A B A A B DA AR A 2 49 31 A 2 Ti[17] [20]
WFFC [ EPV < 10, FAEFEE[2018F 7L 1) EPV /N(5.45), Xz [14]F 7T EPV % K (56.33). AN AHT L)
BRI R 1 L WL 5

34 BANNASRE

I9NBEAY (P B AT T R o, AR AR B FRIRIL . DM SRR A2 f HE LI 4 i, A IR T 8 IR
8 K~ 7K. 6 K. FTEBBITERAER ) AUC ¥KTF 0.7, H 9 KT 0.8, U EMRA RIGH»
HReT1. £ 6 T TR AN G BT 2 X4 T N GRE Mo 58, BAE A T 2500 I BE LR 2 B0 IE V%
Forp A 2 Ti[14] [15]0F 775 el _F 38 [F B8 F T Bootstrap v sk 4 BU[13] [16] [17] [19]HF F X A
F1'T Bootstrap 7%, BT TN R HEATAMBIGAE . EAEZENZE, GRS 70 I 2R 1R 4
D508 I TR B, B A U SR B s U5 b (O (R B, — S8 A 2% 2 mT DA A — P ik
(MR IEIE[24] . BFFCARH ) H-L A0 A Y 28 VP AN R 2R (RO B, 8 I PR e 5 Y 86 VA A 2 g i
P 20 2 Pl S R TR 2 s LR 2 FH 7 e N NI 0 PR 28 I Y 5 A 1) L A v L2 6.
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Table 6. The application and interpretation of the model

6. HEMNASHERIER

AUC & 95%BEX ] ,
- . N A HREREE BRISH EARA A
- ”w y . .
AUl RESARRNET @ ‘%ﬁ% WAERE R MRS SRR RE
W HER. EFRIR . ,
, o a: LR Bootstrap W ... by, IEIRIREE .
FErpE[13] H. IJ%Z/AH;:H?é ;ﬁl@@ b: 0.853 (0.809-0.897)  FLL e 2% 2 MK EfE R
PR Ry ggE
W MERIZ ). Nt ,
e A a: 0.886(0.839~0.932) XL, H-LA&E®K. IwKRE ., .
A=[4] Dﬁpgﬁ%%bﬁ}g b: 0.875(0.809~0.941) Bootstrap N 2R Hh & I FARR
e i ans
Y
WEZ) . B %;ﬁ;%ﬁ%
: . DM JETE. a: 0.83(0.789~0.887) .. H-L K56 . X .
AT pate CMpES . b: 0.895 (0.827~0.964) é?;lst‘iz) " T 1 2 e ARE EEE
T s s WIS
PR R TR
- JZ. MEZEs). iz a: LfER Bootstrap 4 H-L #&46 . ) .
A N NCL b: 0.897 (0.844~0.949)  HIIE  AeEMhLk L
CRERI VAN U1K
RS AR, HUE
JKE ST =% R : %A%\ = oy e
HE[LT] %ﬁiﬁﬂ%ﬁﬁ tnoﬁbgimwsw)Bﬁgggw HLE®R RERSIKE TREE
HbAlc
- ¥, DM JEFE. BE a: 0.9 (0.955~0.985)  RI4rilZidE " I ARRSE .
X BesieE[18] R HOAD b: 0939 (0.943-0972) ik H-L 85 . HEAL BEE
WS WSS N .
— 5 a: BER Bootstrap P H-L #&36.  IwRRSE ., .
5KIVAR[19] m\mgiﬁﬁ\ b: 0024 (0884-0.963)  FIMAE KMz iz FIE JafE
RS, EER L
AL WSHRARIL. DM
pmmpo R SRR Boa: 0908 (0857~0.957) MMM . ey pew pep
BRI201 g SRR b 0868 (0.764-0972) A e o o o
i DM FHFRAE &
FERI,
IEA nl V-5
wmmmwégg%fg;ﬁf a: 0.86(0.809-0.022) RIZMUIZRLE H-L KIS0, MRS 0 o
[21] m\DMﬁﬁ b: 0.821(0.716~0.927)  #iRk&E  Kufihsk & - e
EW M ES
QianYu HBAIlc. DMJifE.  a: 0.84(0.799~0.893) RISk . .. ., KUK -
[22] HIRL. IADL & b: 0.824 (0.747~0.902)  Wlik4E Bt % 1 £ PIEE KSR

TG, 108

. Barthel $5%: H W AISTEBIREI3E;
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Table 7. Risk of bias and applicability assessment of included studies

= 7. MANRRBRERCFERMEITEN

5 i a5 A A BEARVEAY
s g WET St iR HIENR SNET 4R A &R

EAHHE13] + + - - + + + - +
X = [14] + + - - + + + - +
2 F4[15] + + - - + + + - +
EREFR[16] + + - - + + + _ .
HHE[17] + + - - + + + - +
XU 18] " ¥ - - . ' " _ N
TKI4E[19] + + - - + + + — +
FEEF[20] + + — — + + + — +
Yinhui Deng [21] + + — — + + + _ +
Qian Yu [22] + + - - + + + _ +

T 7 FORMERRE; “=7 FonmE U

3.6. WX SERMSEITMN

4 RN N R AR AE SR (12 = 68.53%, P < 0.0001), &FEBEHLBN AT meta & 3F, &
Jf-J5 AUC [¥I{E4 0.876 (95% Cl: 0.846~0.907), 4 HHR/RIEAL AKX /> 8 05l . RHEAL AUC & 12
AE AR LI 2, K06 58 (E 30 v: Q=28.5966; DF =9; it# /K F P=0.0008; 12=68.53% (95%
Cl: 39.18%~83.71%).

FHE B —i—
Xlz= - — .
ZH - e
TR B —a—
M - ——a—
XIBsEiE B —i—
EG ] B —i—
FR= B =
Yinhui Deng B =
Qian Yu B =
SR (BEERL) |- -
B0 (BENRRAL) |- ——
0.7 0.8 0.9 1.0
ROCHZE T HER

Figure 2. Forest plot of AUC combined effect values for the model validation group
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4. ¥1ig

KIRZG VM INBIPTA W53 5 Ot 7, For 6 TOU7E P30 B0 A B ALK 3 U1 ZR B AN AR
UbAh, I e o i e = AN IR AR, 1AM A S AR A 17 A B AT I iR T B [25], TRl axX £ R
PR R (RN o BT B A AR A5 (20100 1 R T R SEm ki, AR i Logistic (9]
H. Logistic [FIAZHL#E 5% 2 i i) — P SR, SR B s R HL T AR, (RN 22 B SRR MR AR
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