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Predictive value of TyG-BMI, AIP, and postprandial glucose excursion for

sarcopenia in patients with type 2 diabetes mellitus

CHEN Yue', YU Weiweiz, GAO Jinl, CHEN Xingyu3, CHENG Qingfeng4, CUI ,]ian5 1Depalﬁtment of Quality
Control, ‘Department of Dermatology and Venereology, 'Department of Endocrinology, Jiangbei Branch/No. 958
Hospital of PLA Army, First Affiliated Hospital, Army Medical University (Third Military Medical University) ,
Chongqing; ‘Department of Endocrinology, the First Affiliated Hospital of Chongqing Medical University, Chongqing;
5Depaurtment of Pain Medicine, First Affiliated Hospital, Army Medical University (Third Military Medical University ) ,
Chongqing, China

[Abstract] Objective To evaluate the predictive value of triglyceride-glucose body mass index (TyG-
BMI), atherogenic index of plasma (AIP), and postprandial glucose excursion (PPGE) for sarcopenia in patients
with type 2 diabetes mellitus (T2DM). Methods An observational cohort trial was conducted on 590
hospitalized T2DM patients (322 males and 268 females) admitted to Department of Endocrinology of the First
Affiliated Hospital of Chongqing Medical University between January 2023 and December 2024. General
demographic data and key metabolic indicators, including fasting plasma glucose (FPG), postprandial 2-hour
plasma glucose (PPG), triglyceride (TG) were collected, and then TyG-BMI, AIP, and PPGE were calculated.
Based on the Asian Working Group for Sarcopenia (AWGS) 2019 criteria, they were divided into a sarcopenia
group (n=140) and a non-sarcopenia group (n=450). After 1 : 1 propensity score matching (PSM), 102 patients
with sarcopenia were matched with 102 without. Differences in metabolic indicators FPG, PPG, TyG-BMI,
AIP and PPGE were compared between the 2 groups. Spearman correlation analysis was conducted to assess
correlations of these indicators with sarcopenia. Conditional logistic regression analysis was performed to
identify independent risk factors, and receiver operating characteristic (ROC) curves were plotted to assess
predictive performance. An external validation cohort consisting of 192 T2DM patients from Department of
Endocrinology of Jiangbei Branch of First Affiliated Hospital of Army Medical University between January
2023 and December 2024 was included to validate the prediction model. Results After PSM, the baseline
data of the 2 groups was balanced (P>0.05). The sarcopenia group showed higher levels of PPG, AIP, and
PPGE, but lower TyG-BMI value than the non-sarcopenia group (all P=0. 001). Spearman correlation analysis
revealed that the TyG-BMI was negatively correlated (r=—0. 404, P=0.001), whereas ATP and PPGE were
positively correlated with concomitant sarcopenia (r=0.280, P=0. 001; r=0. 372, P=0.001) in the T2DM
patients. Conditional logistic regression analysis identified AIP (OR=14.367) and PPGE (OR=1.245) as
independent risk factors, while TyG-BMI (OR=0. 966) as independent protective factors. ROC curve analysis
revealed that the area under the curve (AUC) of the combined model of TyG-BMI, AIP and PPGE in predicting
sarcopenia was 0.918, and the AUC value was 0.954 in external validation, with good sensitivity and
specificity. Conclusion TyG-BMI, AIP, and PPGE are important metabolic predictors in T2DM patients
with sarcopenia. Their combination has good screening value for sarcopenia, and can be applied in external
prediction for T2DM patients.

[Key words | type 2 diabetes mellitus; sarcopenia; triglyceride-glucose index; atherogenic index of

plasma; postprandial glucose excursion
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M S5k 35 52 W T2DM S8 19 26 36 B S5 s
I BRI (2805 A R B FE 4R , LS B T2DM &
A WU B S5 TR AT T30, X8 08 R 4 i e 4 B
HAEEE L, EHEITE R, R R BR
P25 LA T2DM AR JILAAE B A% 0o BE B 0L
T = T - % 29 A K I $8 0 (riglyceride-glucose body
mass index,TyG-BMI)Vﬁﬂﬂgﬁ%ﬂ:éﬂﬁmﬁ%(fasting
plasma glucose, FPG) . H il =1 (triglycerides, TG) Fll
BMI 52 546 h , RENS SO W4 B DR 5 SR ARPUAR I
AR T H I =g - ) % B (triglyceride-glucose , TyG ) 5
B, TyG-BMI T i 2 B ARHT S A KU 1 Bl 1 S8
ﬂﬂ*g*ﬂﬁﬁﬁ{t%‘ﬁ(atherogenic index of plasma, AIP)fE
f e 1l i A I ZE L AN Sl kR AL XURS , 1.5 T2DM I
SE % U CHES L e Ah, T2DM R AR T 1M b U 8h
(postprandial glucose excursions, PPGE) 1 5| {2 4 1k i/
WS R S R BRES , W RES S L Kt o
RN RERARAE " . H AT, B A BT A T
2 RUBE PRI S WU RE YA M0 bn 5, b ks 4 i
Y IR QR = Sl A /N LRI R N A RE S
B IR AR R S R R I A B i 2K
B IE A PR, 1t LA TE 5 J2 R 7 LRG58 A PR b IX
JTZ IR . %F TyG-BMILALP Al PPGE fE 43 1| Sz B e
By AP MG 78 AL B , =I5 RES B 4 1H
Mo P T2DM AR AR K AL 2 R, DT 25 4
e X T2DM 45 I LA E KUBS: Y 50 RE 7 o ik T ot , A
9T B TEAR 1T TyG-BMI 45 %k . AIP 2 PPGE Xf T2DM /£
WU E R0 57 e I R S50 A T, OR3Pl LA I R
S0 2 Hh A A, DA R T2DM SR WLANE 9
LU A 1 L S DA R AR T R SR L U
i T2 R IR BRI

1 #REHE

L1 —ffH

A5 Ry S PR W T A, 1 2023 41 A &
2024 4F 12 H 728 PREE B 2= B @ 55 — 2 Be 18 43 W B
FEBEIRIT 19 T2DM & EE WX G 0 A A PR
OFF A b 2 BUE R 9% b7 16 48 1 (2020 48 b)) )12 Wi
FRIE, B2 T2DM P QAR =18 % s Bl R ¥k 58
Ay, HEBRARUE  OAk & PEHE IR , W IREEBAE
JERR VI bR A S s @G B ™ EIFE DRe A4
B G et 5 )3 Al FH W B o i 2R sl e pie
7] s DI UR LA I L . g A BB 590 1],
53 P 322 49, 2t 268 1], AR S 75 R LA E NG R A
53 L GE 4 (n=140) F1HE JLAE 4 (n=450) . ASHF

ST i R PR o B T o — B e A8 P 2 B 2 W At
(7272025-392-01) .

1.2 ARk

12,1 WMARERMZE SR E T AR
(Asian Working Group for Sarcopenia, AWGS)2019 4 &
A1 L2 E 12 WA 0 SR P DU i DL SR ik
(appendicular skeletal muscle mass index, ASMI) #1771
M, FL A - ASMIT=DU B B LR (kg ) /-5 55 19
77 (m?) o R AR X e 5o 7 (dual energy x-ray
absorptiometry , DEXA ) W7 £ & B LB &L, LA 5
ASMI<7. 0 kg/m” .2z PE ASMI<5. 4 kg/m™ 2K R HLDSE

1.2.2 Fllalede Gl T D AR G B R A A
W T A A ZH R R — Rt A - D SRR AR
(AR 51 R DR R TR S ) 5 RA I B 4 5
B KRB BMI B4R I 21 25 1 (hemoglobin Alc,
HbAlc) 55 MRS I 45 5 1 32 i Y2y Lol BR 4 A
S AR o 7 A 25 RS T AT

1.2.3 SCEAUEIR  TABEABLEE 1005
T H R, 2 R R LT K0 5 mL, 40 FPG 48
J&i 2 h [ (postprandial plasma glucose, PPG) [ TG . 5 %
B g £ FH AH [# 5 (high density lipoprotein cholesterol
HDL-C) 2538 b , A6 I A7 K i) Hy B2 5 i PR AS: 36
G — PRI A A . ATP(EDR R TR0 5 3 1O R b
AR e 2t 12 A AR AP A9~ 2494, il
BPEARN TR TS, LA O 5 S o it ) A 38
£ 5. TyG-BMIE%0 AIP .PPGE (it AR T .

TG X FPG
2

TyG-BMI=In( ) xBMI

AIP=loglo($(£_C)

PPGE=PPG-FPG

Hor TyG-BMI 2 X TG 5 FPG % FH mg/dL (1) .
£, ATP 24 2 H TG 5 HDL-C 2R JH mmol/L () 5437
PPGE A2 PPG 5 FPG 2% i mmol/L A B4
1.3 HAEMH 5 M &35 & B (propensity score

matching, PSM) 7r i%

AT AL 8 22 AR AR IR A OO A AL | AR 415 T 452 A4
IS A REAS SR S0 3 A T 0 A R
10~20 /™25 JRy 4, 1 T A B 58 1 5000 H 45 i T2DM
BE A BNUE , 2 W o U e B 25 7 3
PF o ASWEIE TR A0 A A% 0 A8 B (TyG-BMI 45 28 .
AIP PPGE) Ko P78 & (PR AR 8 B8 R i B2 . BMIL,
W s F HbA e) 2 9 A, PR itk 2 7075 %2 90~180 13 L
A BB AEAS o AR A 0 TR A S S B 491 43 A A
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I, SN A T2DM e 590491, Herp IV MiEL 140491,
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S AR T B0 3Lk 22 S5 S TR AR Aoy
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FH 244 Logistic Ml EA A 150000 ) 45 23, R 11 i
VT AP PEFEL T (caliper=0. 02) , Xt L 4 5 JE AL E 240
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AR AR T HE A, LSRR T it 5 B 43 B AH 45 )

=1
AR,

1.4 TR AR 69 My 5 3% 1%

VA AN [FAR G bR 20 G X T2DM 835 L E 1Y
TN, AR I LA T LUR AR R . (D FR
—JEFRAR I, 43 45 A TyG-BMI 4544 . AIP . PPGE #4 7
B —FR BRI ; QBIR 1, AIPIK G TyG-BMIHE 4L
R 2, TyG-BMIFEHL ATP Il PPGE = H 45 . Frf
PRI LT 2544 Logistic [FIJH#HENT
1.5 M3 faidE s 5 A

B UEA Y 3z AL RE ) SRR E M AR AR T
T 2023 4F 1 H 52024 4F 12 A 78 i 72 42 B8 K45 — Mt
J R BT AL e X PN 2B B B 9 T2DM 2 192 4l
AN UESE  H b LA E B 36 191, AR LA E R
156 9] o AR 38 42 il 2 4 1= R 2 — P s = e VI
e X (Bl 2555 JU /N BE B ) 46 B 2= 5% 25 1 it (ER2025
KYO074) . DA 5 HERR bR S AR — 25, S IO
Al R BERE | OC B AL 45 AR (TyG-BMI 45 £ | AIP,
PPGE) KUV REIZ W% B , >R HIABIF T AL 11 356 & 13
b *ﬁﬂlﬁ?ﬁ‘ﬂj{m ﬂzﬁi , ZA‘FEIJ%@&%IVE q%?ﬂ: (receptor
operating characteristic, ROC) {1 £k , 315 ih £ '~ 1 1
(area under the curve, AUC) JBURE Fr 53845 -

1.6 SitF o

K I SPSS 27. 0 B dE 47 2t b B85 SE 353 #r
PG IR AT PR DL s 75, 21 0] U AR H]
ThSEAEAS ¢ K5 5 AR IE S 0 A B RE LA M(P,s, Prg) 3R
7, A IA] EE 3R H Mann-Whitney UG5 o THEC7RH

n (%)FN , A10E) SR PR % . & A Spearman £H
KA B ¥EAS TyG-BMI 8 % . ATP 5 WL/ iE 19 A1 &P o
XFF PSM UL B 5 A FEAS | SR F 25 F Logistic [m] 9455 7
3B T2DM L E f Al S fE B R & . 22 ROC £k,
L AUC U FF bl . DL P<0.05 2R BA
GiiteEE Lo

2 #R

2.1 PSMATJ& T2DM % & LV sz 48 5 JE AL ) g2 40 —
F AT G
S R A Ay, ASBIFSE X 2 4 2E AT PSM(1: 1 IT
Bic ) J L AR DU ECRE A 204 451, WL 2H 102451, AE L
AREZH 102461 . VCBECHT , WLAGE 20 5 = E WL/ 20 7 14
S DR G B A Sl R HbA e 5 T 22 5 C 48 i
S B AEAR I A BMI J7 I 22 7 103 (P<0.05) . H:
o UVSRE AR IS 3R, BMIT AR . DRSS , 2 ZHAE )
AR WE PRI FE BMI AR 52 K HbA 1e J7 T 25 53476
GuilEE (G2 1), FRIVCECRCR B4, SCEl R 241
2.2 PSMJ5T2DM & H ALY gm0 5 3E L) g 20 69 %
B A8 AR A

WL E 20 4 PPG  AIP 1 PPGE 7K - Y B &R AL/
E 415 i, 1 TyG-BMI 48 Z0U0 54 (P=0. 001) . 241
) FPG TG I HDL-C X} bt 22 R o4 it L (% 2).
2.3 TyG-BMI 45 4 . AIP #= PPGE 5 T2DM % 4 L

JE 0 A8 5K P T

Spearman #H ¢ 43 #1 . 7s , TyG-BMI 48 %% 5 T2DM
B WLAME 5 2 3 T 56 (.=-0. 404, P=0.001) . Tfij
AIP F1 PPGE 5 T2DM & & WL/ AE ¥ 42 I 25 1F AH ¢
(r=0. 280, P=0. 001;r=0. 372,P=0.001) .
2.4 T2DM % & WLV g2 69 54 Logistic =2 547

& Logistic [l 4 43 # & 7= , AIP [OR=14. 367
(95%CI: 4. 120~50. 099) ] 1 PPGE[OR=1. 245 (95%CI
1. 020~1. 520) | T2DM 835 WL/AE (8 ik 7. fa 6 PR 2%
ifii TyG-BMI 5 % [ OR=0. 966 (95%ClI : 0. 952~0. 981) |
S T2DM 3 WU E ST AR R 2R (R 3)

%1 PSMATS 2B —R AR L [, M(Py, P)),n(%)]

PSM Hij PSM J&&
P A P Xz P
EWVPEL (n=450)  WIELL (n=140) EAVPIELL (n=102)  WLAELL (n=102)
TR (L) 206(45.8) 62(44.3) 0.096 0.757 39(38.2) 45(44. 1) 0.729  0.393
74 60. 50+10. 39 63. 15+10. 37 -7.647  0.010 61.018. 96 61.65+10. 11 -0.476  0.634
Sy | 96 (36,156) 96 (27,144) -1.098 0.272 84 (33,156) 96 (36, 144) -0.017  0.987
BMI/(kg/m®) 25.17+2. 72 22.20+2. 83 11.172  0.001 23.28+2.42 23.22+2.55 0.180  0.858
T 187(41.6) 70(50.0) 3.097 0.078 49(48.0) 44(43.1) 0.494  0.482
HbAlc/% 8.41£3. 43 8.77£3.21 -1.097 0.273 9.213.27 9.012. 99 0.476  0.635
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x2 PSME2EMXERETEIRTLL

it JEWUFEL (n=102) WUBEELL (n=102) ¥1/Z P

FPG/(mmol/L) 8.37+1.74 8.28+2.22  0.336 0.737
PPG/(mmol/L) 19. 78+4. 50 22.50+3.95  4.590 0.001
TG/(mmol/L) 2.30+2. 46 2.43£1.50  0.453 0.651
HDL-C/Ammol/L) 1.210. 41 1. 14+0. 35 1.288 0.199
TyG-BMI 235.06+28. 56 211.25+25.88 6.240 0.001
AIP 0. 15+0. 36 0.31£0.29  3.444 0.001
PPGE 11.41+3.81 14.22+3.22  5.694 0.001

#*3 LIESEET2DM £ LD fE R %14 Logistic B35 #7

Ei=g a1 B SE  Waldy P OR 95%CI
PPG 0.034 0.089 0.145 0.704 1.034 0.869~1.230
TyG-BMI —0.035 0.008 20.283 0.001 0.966 0.952~0.981
AIP 2.665 0.637 17.488 0.001 14.367 4.120~50.099
PPGE 0.219 0.102 4.627 0.031 1.245 1.020~1.520

2.5 TyG-BMI 45 4 . AIP #= PPGE 2+ T2DM % & L 2
JE B W R TR AN A

53 5E H TyG-BMIF5 %4 . AIP PPGE F1 Ik £ 155 7Y
PEAT T 234 (1) . ROC HT k23 Hr &l 5 s, Ty G-
BMIFEEL) AUC A 0. 733, UK 4 0. 804, 45 55 A
0.569, AIP I AUC H 0. 706, HURE 4 0. 765, 45 1k
90.647., PPGE B AUC 47 0. 715, 8UZE 4 0. 833, 4F
SEPER0. 451, BRI AUC 0. 861, BUSE K 0. 775,
FESEPE A 0. 784, FEHL 2 ) AUC 4 0. 918, U A
0. 863, ¥ PEM 0. 824, B G FINAIALR) AUC Y& T
PA—FE bR, AR 2 19 AUC f5em o

1.0
0.8
0.6
i
B
0.4 -'J
—— TyG-BMI [AUC:0.733 (0.665~0.802)]
—— AIP [AUC:0.706 (0.632~0.779)]
0.2 ~—— PPGE [AUC:0.715 (0.645~0.785)]
—— f7A1 [AUC:0.861 (0.811~0.911)]
}i7H2 [AUC:0.918 (0.880~0.956)]
0 || I 1 T
0.2 0.4 0.6 0.8 1.0
1Sk

El1 TyG-BMI3E%;.AIP.PPGE KBt & # AN T2DM
FEMDERROC fiZk

2.6 BRATRMIAEA L SNER IR AR F 69 TR 2L AR

g A AR AR 0 T AR e kAR (L iE 20 n=36,
EWDIE L n=156) , 45 B 7~ % B 1 Fi T2DM f&
FHUDAER) AUC K 0. 933, #5184 2 Fi il T2DM 35 JL>
JiE () AUC 47 0. 954, 55 EABEAE i U S RE AR T , $2 7 5
RIEA RAFR AN AT (2 .3 4) .

1.0
0.8 -
0.6 —
b
B
0.4
0.2 — 71 [AUC:0.933 (0.896~0.970)]
Hi72 [AUC:0.954 (0.926~0.982)]
— %Lk
0 | I 1 1
0.2 0.4 0.6 0.8 1.0
1-F5 5tk
E2 BEEBAEMIRIEEPIIROC Lk
T4 BERBEIMBIIEE P RIS HT IR
BUgE| AUC 95%CI TR RS
(il 0.933 0. 896~0. 970 0.824 0. 881
R 2 0.954 0. 926~0. 982 0. 882 0. 874

3 itig

WLASRE AR b —Fp 5 A8 AR 8 RS % DA
S AT B R AE L 76 T2DM B8 2 b & s U AR
i T ALV E S — R R AT v H) 2 A9, S LA S
TR R OO RE T A O BRI, L8 AL £
HEIN 224 T2DM A3 0 RS AU | i 2 R BUR E i
1B A R RV 385, LA S A7 Sl Re R A 3 T
FREABET 4 T2DM BB F AR AR i
W 5 WU 2k 2 AT R 2 H 2532 86T
3.1 dEfe o g F LR 3 e AL YR R

ARG S PSM il T4 1 51 BMI S FR
TR AR Ze AR i | DUIC S 2 4 7F EFEhAs & (] 22 S AN
FREA Ge i S, R EUIR S BA R0 3R I 1
PEo ZORMEAT SRR T AR TR 2 D 17 L 358 1 204
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fill o TERELIIMARTEE T , SAE NV RE A AR LG, WL
JiE 40 2 1 PPG ., ATP 2 PPGE /K F £ & 2 T &, i
TyG-BMI 4558 AKX & PPG Ml PPGE S i fR 3
A7 00 S () Mt BE O B, T RE I A Ak N LS R
HRHT LRI L P 2 i B — B A
Logistic [ JA43#r2 W] , PPGE/E A sh B b4k, 5
T2DM AL/ E 18 JRUBS: 8 35 IE A C (OR=1. 245) , iX — 2
AR PPGEAE Jy sh 2 W5 F8 b5 , AT Al 57 FAE S il
BB S0 I PR 1500 A1

WA, AP K R IR BRI X AL S 5
WL D> i 7 A58 & IR ATP J2& T2DM 8 & WL E
i 1 57 f % 2 (OR=14.367) . AIP 3 i 2 1k TG/
HDL-C FUAE , 2 WA Bl Bk ks A A Ak 1) Big B2 A QIR AIE
T T R e ol TR S IR AR BT UL P 2 AR 0
[ =y N A = 7 e eV s e L L E2
PREALRERR AL I E N 2 R A > R, AR
IF 5% 5] U9 455 80 2L T PSM 5 (14 DE e B30 , >R 4% 1
Logistic [0 53 H D IC J5 FEAS , H: OR (B 52 B 1) /2 DT L
J2 N0 28 R AW, CBP 4R AR M0 AR 22 I RS 1Y
KBRS ), MR 4 ABER L xF KU . DR, BF 9T 2518
TG T S ARG 1 2 AT A SRR R A .
3.2 TyG-BMI& 27 & T s B A R 1 A

AT LI, TyG-BMIAE EUAE Ry 4 100k | i A
T 115 B2 A e br , K5 T2DM B L e
5 U 5 171 A 56 (OR=0. 966) , 7~ TyG-BMI 38 %5
5%, FRULA S A XU g o — 300 b [ 8 4 N BA B AT 5
R TyG 18 805 WU E & Az % 2 (A7 AE TR G, (H %
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