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Abstract: Objective To construct a prediction model of non—alcoholic fatty liver disease (NAFLD) in middle-aged and el-
derly patients with type 2 diabetes mellitus (T2DM), so as to provide basis for early screening and prevention of T2DM
complicated with NAFLD. Methods Patients aged 45 years and above and diagnosed with T2DM in Karamay Hospital of
People's Hospital of Xinjiang Uygur Autonomous Region in 2021 were collected as the study subjects. The data of gener-
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al demographic characteristics and biochemical test results were collected. The patients were randomly divided into train-

ing group (n=3 241) and validation group (n=1 389) according to the ratio of 7 : 3. LASSO regression and multivariable

logistic regression model were used to select predictive factors. The nomograph model for prediction of NAFLD risk in

T2DM patients was established. The predictive value of the model was evaluated using the receiver operating characteris-

tic (ROC), adjusted curve and decision clinical analysis. Results Totally 4 630 T2DM cases were included, including

1 279 cases (27.62%) complicated with NAFLD. LASSO regression and multivariable logistic regression analysis identified

gender, age, diastolic blood pressure, body mass index, alanine transaminase, triglycerides, low density lipoprotein choles-

terol and platelet count as risk prediction factors for NAFLD in T2DM patients. The area under the ROC curve was
0.823 (95%CI: 0.814-0.832) for the training group and 0.809 (95%CI: 0.799-0.818) for the validation group, and Hosmer—

Lemeshow test showed a good fitting effect (P>0.05). Decision curve analysis showed higher net clinical benefit of using

the predictive model to predict NAFLD risk when the risk threshold probability was 0.27 to 0.85. Conclusion The nomo-

gram model established has a good predictive value for the risk of NAFLD in T2DM patients aged 45 years and above.

Keywords: type 2 diabetes mellitus; non—alcoholic fatty liver disease; predictor; nomogram

AR K PE BB W BF (non—alcoholic fatty liver dis-
ease, NAFLD) /& 2 IR (type 2 diabetes melli-
tus, T2DM) EEHE WHIERIEZ —, AUIMEIITF
WERA G FNARIZE AL, 30O il 879 9 RN IS 1) &
B, FEARE AT FE  BFRERT], eaki
FlINZ) 65% 1) T2DM B35 He NAFLD, HBEHE A
FEER AR B S S G R Z NAFLD 281 4
bR, (H2% S . AT XU R ] T AR I R
PR o RE R R A HA oA . R RS
BCH NAFLD i A B3 7k, AH A2 W o P A
THAEENR R S2m ' Bk, WERETETE
FEATANAY . AT BT R NAFLD XU T4k A1 5 0 A
THBARAREZZE L, A5t s T2DM 4 Jf
NAFLD M52 2, # g momias sy DL 00
T2DM &3 NAFLD XU, BlHGEn .

1 Mg57F*

11 *t%

HERE 2021 0P HRAEER AR XN R B B se i
IR BE BEfi2 2 T2DM R 05X 52 . 9 A bR
HE: (1) 4FEly=45 %5 (2) JoEE . Qs F RS
PEIE DL (3) TEHABFG, 02 A sl o Ay
RIBEY . A SRR R M2 PR . T2DM i
B 1932 W bk e 2 A (R 2 BBOBE DR B 6 15
(2017 Jii) ) ', NAFLD RUMEAIZWtrnERT & CIE
KEPERE T ERTIR BTG RS (2018 4EE B ) 7. A
Wt B R F A XN R g re fr 3K B e 1=
PR A, HitS: YL-2021-5,

12 Fik
12,1 BoRhicE

W 4E T2DM e gkt (1) JEAYORE, # .

Ry B, R ERIAESE; (2) il fets

b, REEZHE 8~10 h JFFEHIKINL 5 mL, RHATH AL 7600
1A B S ARG I S 4y P55 20 (ALT) . 4%
AL (AST), BUHEEE (TC). =BtH (TG).
R BN RS (LDL-C) . =% NG AR F IR T e
(HDL-C). ffi/Miit4 (PLT). MJRFEZ (BUN). Il
TEWUEF (SCR) MLEMIRLTIZE (TBIL) %,
122 HEAIEEST

FERE 7 1 3 AU LB T2DM I BEDL > I 2 2H
FEGUEL o T YNZRZE Bt R fe/ N X W 5 e 4
BT I (least absolute shrinkage and selection oper-
ator, LASSO) Ffi e 37 F0M [R5, BE#E 10 £558 X
e f /N A (EAVE DT ERRIE . K LASSO [1]15
i3 A T R A A Z AR Togistic [RTHAEARY, J
T A SR A1) RO S 2 R PR AL, T s A
(M — MRk R p=e/(1+e), p N NAFLD %/
HER, y=Bo+Bixi + ...+ Bux., v NEFKHE, BN
BUEES e
1.2.3  FRAEIE

BTN 2H A0 TE2H 5 S0 HEAS AR A 2
il Z 3 BAERFE  (veceiver operating characteristic,
ROC) £ P4 T A3 1) Fo0ml 5 2R, il 2 T AR
(area under the curve, AUC) >0.7 $E/5 X 53 B4
2 HER 2, R H Hosmer—Lemeshow &1L 46
WIEAGILA R, P>0.05 #R LA LR RGT . R
08 (decision clinical analysis, DCA) PEAF
G RS R, DL s A ] (3 (L E 2 vl 25
MRS
1.3 Rt oM

KM R 433 HAget o & S ORMIRMIESS
YRR IR B 25 (wts) Hili3R, 4Ll HLECR
JH ¢ 850 @ PERORER FHARXRC A, 2 HhECR



BT EE2: 202449 A4 36 #:45 91Y)

China Prev Med J, Sep. 2024, Vol. 36, No.9 « 743 -

X KRR o R tms 6.3.1 B2 A i A 100 A A
pROC 1.18.0 FEF ALl ROC HZE, rmda 1.6.0 f/F
WAL . KE/KHE a=0.05,

2 &% 7

2.1 AR

Y9N T2DM i fdl 4 630 fi, Frh 5 2 230 ],
b 48.16%, ¥k 2 400 B, 5 51.84%. & I
NAFLD 1 279 i, & 27.62%. & NAFLD %%
Bk 536 B, 5 41.91%; 2ot 743 ], 7 58.09%;
FIEN (62.07+7.86) % YIZRe 3 241 f], HuFEdl
1389 i, PHALFRBITER] . AF8 . Ude R . FFoKH .
[ [l . BMI, ALT, AST, TC,TG,LDL-C,HDL-C, PLT,
BUN.SCR F1 TBIL [, ZRIGit+E X (¥ P>
0.05), ¥ /& FUMA A AR BR . LR 1,
2.2 T2DM 43+ NAFLD Fml B -F 49 75 i

DIIZRd1 A 9F NAFLD MR (0=15, 1=02),
P22 1 A AR RN A LASSO [JAFHEWI 1, A
H/MERY 1 DMFRER=0.027 BPEELRZE RN, DAL
O PR LR L AR AR E . R BMIL
ALT. TG. LDL-C FI PLT,
2.3 FRMAEA M

LASSO [ e (AR 9 A Z R K logistic M5
AL, R WoR TR, . &K . BMIL PLT,
ALT. TG F1 LDL-C J& T2DM &7 NAFLD A4520i A
£, Wk 2.

FET logistic [MIJAREAY [ A8 5/ 010 R4, M

F 1 YIGRA TG GOR L3
Table 1 Comparison of baseline characteristics between

training group and validation group

YIZRa it
A (n=3 241) (n=1 389) xufi P
PR 0.037 0.847
% 1 558 (48.07) 672 (48.38)
L 1 683 (51.93) 717 (51.62)
=ik 60.78+7.35 60.72+7.42 0.341 0.733
W48 e immHg 130.17+17.63  129.37+17.59  1.410 0.159
#7 5K E/mmHg 77.39+10.96 773121072 0.312 0.755
JEEFl/em 89.23x10.11  89.38+10.00 -0.649 0.516
BMI/ (kg/m?) 25.68+3.65 25.78+3.63  -1.113 0.266
ALT/ (U/L) 245641692  24.21+1623  0.874 0.382
AST/ (U/L) 23.40+11.98  23.45+11.64 -0.135 0.892
TC/ (mmol/L) 5.01£1.12 496+1.12  1.280 0.200
TG/ (mmol/L) 1.69+1.18 1.71£1.17  -0.610 0.542
LDL~C/ (mmol/L) 2.92+0.92 292091  0.074 0.941
HDL-C/ (mmol/L) 1.24+0.35 124034 0327 0.743
PLT/ (X10°/L) 199.63+54.58  196.52+54.87 1776 0.076
BUN/ (mmol/L) 5.42+1.75 543+1.75  -0.079 0.937
SCR/ (jpmol/L) 71.92422.41  71.84221.64  0.141 0.888
TBIL/ (pmol/L) 12.37+5.40 1245558  -0.462 0.644

TE: VRMn (%) ik, 418 BRI @ ks HALSUR H
xxs PR, LR LEECSR T A0

FNZE PR, AR A T A B B 21 £ 4 L
J7 BIAR RAGENZIN - ST 23, BIrAS B0 (A 53753
ARSI, BrBGE ] T2DM &9 NAFLD /Y
AR . LI 1.

F& 2 T2DM 5 NAFLD U R Z N R logistic [31J45047
Table 2 Multivariable logistic regression analysis of factors affecting T2DM complicated with NAFLD

Ap SN B sx Wald i P ORTH 95%CI
P

% B 0.234 0.078 8.971 <0.001 1.264 1.084~1.473
R 0.040 0.005 65.677 <0.001 1.040 1.030~1.050
(g 93 0.009 0.003 8.231 <0.001 1.009 1.003~1.016
BMI 0.146 0.015 95.945 <0.001 1.158 1.124~1.192
PLT 0.003 0.001 22.265 <0.001 1.003 1.002~1.004
ALT 0.009 0.002 22.147 <0.001 1.009 1.005~1.013
TG 0.310 0.029 117.830 <0.001 1.363 1.289~1.441
LDL-C 0.135 0.038 12.457 <0.001 1.144 1.062~1.233
W -9.525 0.542 308.669 <0.001 0.001

2.4 FRMAEA BeiE
Yl 25 40 AUC 18 N 0.823 (95%CI: 0.814~
0.832), RHE K 0779, FrHEHR 0.712; WL

AUC M 0.809 (95%CI: 0.799~0.818), 4 JF N
0.761, FESFEEN 0702, FER IR X 7 B R AF
WK 2A. K 2B,



LR 202449 %5 36 5594 China Prev Med J, Sep. 2024, Vol. 36, No.9

T T T T T T T T 1
24 26 28 30 32 34 36 38 40

T T T T T T 1
80 100 120 140 160 180 200

. 744 -
0 10 20 30
W4 LS e
oy
R3] —
B
Eﬁﬁ L P PN ERNE SONN CON SO0 BN S |
45 85 65 75 85
ETE ————————
40 60 80 100 120
BMI T
14 16 18 20 22
PLIT = T
50 150 250 350 450 550 650
ALT r T T T T - T T T T T T |
0 20 40 60 80 100 120 140 160 180 200 220 240
TG r T T T T T T T T 1
¢ 1 2 3 4 5 7 8 9 10
LDL-C P B s B R A
0 42 ae 56 7 B
B4 \ T T T
= 0 20 40 60
NAFLD[¥pa 2=

01 03 05 07 0.9

Bl 1 T2DM 59f NAFLD UK B 5112k el
Figure 1 A nomogram predicting the risk of T2DM complicated with NAFLD

YNl 2k 20 A0 56 30E 20 /) 12 1F it 2k 42 Hosmer—Leme-
show LA LRI 5, $m W0 & 06 % 5 S0 bR &
W RS A FEAT, AR SR A B A (P>
0.05). WKl 2C. K&l 2D,

DCA Z5 3 7R, 4 NAFLD B{EAE% K 0.27 ~
0.85 I, FMAELAE NAFLD = XU AT 5 Sehrdr
Jf NAFLD AFEFRM T2DM 453 NAFLD JXUS: (Il A
SR, TEIRUEA A EESE, AR A ELA
G RARNE, WK 2E. Fl 2F,

3 i i

AHFIEGA 4 630 14 T2DM ], Horp 1279
W4 IF NAFLD, 5 27.62%, & T J8E:55 5 44
By A N T 45~69 % T2DM & FF NAFLD L 14
(23.64%) , ¥oRFFEM=45 % T2DM Hifhil¥) NAFLD
T4y, T2DM A J3f NAFLD YT fig S 30 U ik 32
P, IS0 I RO I AE 0 AU o AT S
Tl R Z) AR AF B AHE AR g ar i 224 T2DM 5 JF
NAFLD FROMACAY , 28 N FR 0 U4 s i A B 1A

TR, A B T80 T2DM Ji il NAFLD
[EY VN i 8

AHFFE A A TN T LLF 8 AN F P
1, PERI. ARy, EF9KE. BMI, ALT, TG, LDL-C
Ml PLT, T2DM & Jf NAFLD Lot e T 5k,
25 5] RS Lo PR 48 2830 S 4 28 I E B R KT R
SR MFCH AT A OC 50, BE R, PR
B 7 B W N B IR B A AL o, B T

NAFLD f %A XU . —3i NAFLD 5.0 IfiL 45 9% 5%
RN GE R A ET Sk I INJE NAFLD (i o 7 0,
[ A58 7, BMI $§ & NAFLD 19 £ 6 731 0 A
T, AR SO A0 A P = B I [ A o
R, S SRR AR RN RAE , W A
S A T E B KU

LDL-C ¥l M NAFLD B3 R 7, Kk
) LDL-C 2 F: 30048 P9 B0 45 F 9 0 R, 51
i g 5 AP AC I gE AR, DT R B T B
JIE A TR A AR A e T2DM BB FE RS R
HCPUCRAE T, 19 5 210 T B B AR T 58 2 400 1 AT Ik
= AR RN e aE S BOIR W AR R A
SR SR W 9, ALT 5 NAFLD #9 & A= i iF
PG, HSBEEMsE LR MF . PLT Jt & 2
NAFLD MfaR 2, /M 1k 1 7 18 & $44E
F, 85 505 0 ™ AR B AF e AR Sk, AT
Il NAFLD XU 170,

AHFFE R LASSO (] 4505 G 35 300 [ 7, AH
BEF B TR 28 0BT 118 7 5 7 R B A 5 Ak BE DR -] )
i FA R 2 AR P I T, LA O A I R RN
g o FNLEIE N —F B T L T H, fek A
A Z MR DB WL, HErc s iz
o7 FH 450 110 RS T AR 73 f Aty o0

ZRIXAP R AR RERIIG RIS RS04 N i i L
A RAFRunssine, il BERER S 0.27 ~ 0.85,
i B2 7 T2DM 55 NAFLD JXUBS: i 25 AH
X . TR AMNEEUE, ARG IE T
HAbSIX AT — B0 0E, AMEMZ 2R E . BAHT



BT EE2: 202449 A4 36 #:45 91Y)

China Prev Med J, Sep. 2024, Vol. 36, No.9

. 745 -

Aok
0.8 F
1 0.6 -
B
rg 0.4 |-
02 F
0 AUC: 0.823 (0.814~0.832)
1.0 0.8 0.6 0.4 0.2 0
FERRE
T
€ o8l
0.6
B
& 041
#
........ S 2R
021 — KIEMZR
---- HAE
e | | | |
0 0.2 0.4 0.6 0.8
TR
E o301
0.251 -~ T
L — &
2
0.20 - 3
v 0.15F
=
& 0.10-
0.05]- -
07 =
-0.05L \
0 0.2 0.4 0.6 0.8 1.0
g (EME R

0.6

R

04

02

AUC: 0.809 (0.799~0.818)

0 |
10 08 06 04 02 0
FESE
[T s
D osh
0.6
=
= 04F
X
........ BRI
02} -
. Fi NS
) ! ' ‘ I
TR
F 030f
025 R
- - - - A
0.20 —z"
—x
g 0.I5F
=
& 010
0.05 |
il \
-0.05 L

v
L 1 I |

0 02 04 06 08 10
19 fE A

T ACHUIZREA ROCHIZL ;s BOWIIEZE ROCHIZ; CONUIZRAMIEMZS; DoVBARAERIEMLZL; EODIIZRE RN FovRIEH A ML

B 2

T2DM 571 NAFLD JRUSS T 555 (1 gar ik

Figure 2 Validation of prediction model for the risk T2DM complicated with NAFLD

FEHET R AL, JCEPIII S, a8
22 A EATE 22 ol o REEAS B I RS S FE
PE— DA AT A ] {5 BEFIAE) P

Sk

(1]

(2]

(3]

B, A, HUR 2 ROBEPR A SO PRI RS R T I
SMPIET [T] . BiRPE, 2021, 33 (3): 292-294, 298.
CHEN K, SNG W K, QUAH J H, et al.Clinical spectrum of non—
alcoholic fatty liver disease in patients with diabetes mellitus [J/OL] .
PLoS One, 2020, 15 (8) [2024-08 — 26] . https://doi. org /
10.1371/journal.pone.0236977.

EN LI CHO E, ANG C Z, QUEK J, et al.Global prevalence of

non —alcoholic fatty liver disease in type 2 diabetes mellitus: an

[5]

updated systematic review and meta—analysis [J] .Gut, 2023, 72
(11): 2138-2148.

TAKYAR V, ETZION O, HELLER T, et al.Complications of percu-
taneous liver biopsy with Klatskin needles: a 36—year single—centre
experience [J] .Aliment Pharmacol Ther, 2017, 45 (5): 744-753.

Jlgsy, HAKES, BEER, S5 BT 45~ 69 B AREEIIR
BEWIPERTR 5 2 RO ARSCYERESE [J] . BB BE~, 2020,
32 (8): 809-812.

AR B E R IR a2 . PR 2 B BATE R (2017 4F
RO (1] RESANEGE, 2018, 38 (4): 292-344.

AR BE A S T 43 DR PRI Ve 2220, [ R by 2
RN & K2 D12 . AR AR B iR TE R (2018 4F
SO (1] . RIS, 2018, 34 (5): 947-957.

(THEE 749T7)



B E2: 20244FE9 HEE 36 #4594 China Prev Med J, Sep. 2024, Vol. 36, No.9 < 749 -

B, SRR fERA T, FERFLIE A, [ 413-418.

WA FUIRMES A T, 5 RIF A AR (8] IR B, R, 201072020 b LR

L SIS A . R BT TR FT AR BLIRES ST (1] . B, 2022, 37 (5): 674-678.

o ™ A : (9] T, fivthfe, #i .2012—2021 AFHTITA M T Lo 1k LA
S 2Rk TEPET B AR LR Il R i (D] gk, 2022, 37
=
10): 1371-1375.
[1] BRAY F, LAVERSANNE M, SUNG H, et al.Global cancer sta- (10) ; 3 3 5% ] . " -
1 R, B, BEARDF, 45 .2007—2021 455 T Lo LI
tistics 2022: GLOBOCAN estimates of incidence and mortality [10] i{kﬂﬂ— ﬁﬁdﬁf@* %Jfﬁ ~F ‘_(L)’O 0 ﬁzj(J [ Ze ML
ST . T BERE, 2023, : -383.
worldwide for 36 cancers in 185 countries [J] .CA Cancer J Clin, HEAS T (1] s 023, 35 (5) . 380-383 -
2024, 74 (3): 229-263 (1] £52, S, mar, % 20112021 4F IR EH R i L vEdL
(2] 6. KO, XITZE. 45 HF GBD BUE4M 1990—2019 H%%:Eﬁliﬁ%%ﬁi (J] . PR, 2023, 32 (10): 766-772.
B, REE, ., A — H 2L FIH A
R O (1] IR, 2004, 33 (1), (2 6, DRI SRAL, 199072019 SRR AHE ARRNITE
oo R eI R LA U ()] . SIS, 2023,
= . 37 (2): 107-111.
(3] WEH, S, #ER.2006—2020 ﬁqﬂliltc‘riﬂﬁﬁaaﬁliﬁé (3] éﬂaf:‘)}z) Wk B kT RO 5
N 13 b, , WUKAL .2011—2018 2Rk i1 &% 111 I )
AN : | LAVERIRAY
PO —— T AR M-I AR BASIRERY ()] . 2R IE, S 1] B 2003, 35 (1), 44-47, 52
2023, 40 (2): 28-33. T ’ ’ ’ T
1 f e i N st W 22 15 7] g o e

41 A B, KA 5 202 6 DL A 1) R BRI R LR LR R

B (] . AERRIZE . 2004, 46 (3): 221-231 DRV, PRI 2R DG 10 Y o PR BEALAR AT ST (0] . BRAC TRy B %
20, ' . 2024, 51 (6): 1012-1016.

(5] R, M 2002 WA SOE (R] . J6s e (©): ‘

St bRk . 2023 [15] ERE, FHIH, L35, 5 .2012—2016 4FHH DB MR %
o i WBEEE, 2021, 33 (7): 697-700.

[6] BRAY F, GUILLOUX A, SANKILA R, et al.Practical implica- Jﬁ:ﬁ%ﬂﬂftﬁ‘*ﬁ‘ RN (7): 69
) o . [16] Z=H%, 3RiFHE, PMCHE, 48 . T e B A e
tions of imposing a new world standard population [J] .Cancer N
Causes Control, 2002, 13 (2): 175-182 BRERFEDRSTY 1] HESE, 2017, 23 (10);

o : SR 1024-1026.

(7] Flgme, R3CFH, FRAT, % .2013—2020 LERLHE X T R N .
WRITE TR R AT ()] BUESS . 2022, 34 (4) W B 2024-04-26 fEEIBH: 2024-06-27 ZASC4REE: RV

(L% 745 )

[8] B35, XU . L RAL KA AN R85 i (7] . doi.org/10.1136/bmjopen—2016-013781.

IR ZG, 2021, 42 (16): 45-47. [15] GIANNOPOULOS C K, TZIMA 1 G, TENTOLOURIS N K, et al.

[9] ROBEVA R, MLADENOVIC D, VESKOVIC M, et al.The inter- Common pathogenetic pathways of non—alcoholic fatty liver disease
play between metabolic dysregulations and non—alcoholic fatty liver and type 2 diabetes mellitus [J/OL] .Curr Diabetes Rev, 2023,
disease in women after menopause [J] .Maturitas, 2021, 151: 19 (9) [2024-08-26] _https://doi. org/ 10.2174/15733998196662
22-30. 30216112032.

[10] MA J, HWANG S J, PEDLEY A, et al.Bi-directional analysis [16] KORPIMAKI S, ROVIO S P, JUONALA M, et al. Nonalcoholic
between fatty liver and cardiovascular disease risk factors [J] .J fatty liver disease incidence and remission and their predictors dur-
Hepatol, 2017, 66 (2): 390-397. ing 7 years of follow—up among finns [J/OL] .J Clin Endocrinol

[11] POLYZOS S A, KOUNTOURAS J, MANTZOROS C S.Obesity Metab, 2023, 109 (1) [2024-08-26] .https:/doi.org/10.1210/
and nonalcoholic fatty liver disease: from pathophysiology to thera- clinem/dgad418.
peutics [J] .Metabolism, 2019, 92: 82-97. [17] CHAOYL, WUPY, HUANG]J C, et al Hepatic steatosis is as-

[12] ANGELICO F, BARATTA F, PASTORI D, et al.Statins and non— sociated with high white blood cell and platelet counts [J] .Bio-
alcoholic fatty liver disease [J] . Liver Int, 2019, 39 (9) : medicines, 2022, 10 (4): 892-904.

1787-1795. (18] 3kii4, BEIR, BEaEEr, 45 Lasso [JH: MR LM

[13] MARTIN A, LANG S, GOESER T, et al.Management of dyslipid- [J] . oHiplgt R, 2020, 28 (10): 1777-1788.
emia in patients with non—alcoholic fatty liver disease [J] .Curr [19] Zsrkrt, kefsR, 2R, 45 . 2 RURERIRFE Flph KU IR 2%
Atheroscler Rep, 2022, 24 (7): 533-546. FITIEERTTY [J] . hEAREE:, 2022, 25 (6): 675-681.

[14] SUND Q, WU SJ, LIUW Y, et al.Association of low—density li- [20] FEREwE, dEOT . O e ABEBUMAC AT (1] . Wy

poprotein cholesterol within the normal range and NAFLD in the
non—obese Chinese population:

study [J/OL] .BMJ Open, 2016, 6 (12) [2024-08-26] .https:/

a cross—sectional and longitudinal

2%, 2024, 36 (3): 211-214, 218.

iR B 2024-06-03 fEE HEA: 2024-08-26 ZAKRXHEE: A1)y



