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Abstract

Objective: To evaluate the predictive value of nailfold microcirculation combined with the triglyc-
eride-glucose productindex (TyG index) in patients with diabetes mellitus complicated by coronary
heart disease. Methods: Fifty-five diabetic patients who were hospitalized in Yantai Yuhuangding
Hospital from September 2022 to September 2023 and were eligible for the study were selected.
General data, coronary angiography data, and laboratory-related indexes were retrospectively col-
lected. Nailfold microcirculation detector was used to collect all the patients’ nailfold capillary ex-
amination data, and the relationship between TyG index and nailfold microcirculation indexes and
diabetic patients’ coronary artery disease was analyzed by multifactorial Logistic regression, and
ROC curves were plotted to evaluate the predictive value of the indexes on diabetic patients’ coro-
nary artery disease. Results: Patients with diabetes mellitus combined with coronary artery disease
are more likely to be male, hypertensive, and have higher glycosylated hemoglobin, higher fasting
glucose, higher troponin, and lower left ventricular ejection fraction. Changes in the nailfold capil-
laries in patients with diabetes mellitus combined with coronary artery disease were mainly char-
acterized by shorter length of collaterals and higher number of crossed collaterals, and the severity
of coronary artery disease was positively correlated with the number of crossed collaterals. Varia-
bles with P < 0.1 in the analysis of variance were included in the model, and according to the results
of the model, the number of cross-tubular collaterals, TyG index, gender, and TyG index were all
independent predictors of diabetic patients with comorbid coronary artery disease, with the TyG
index having the best predictive value. The results of the ROC curve of the model showed an AUC of
0.960 (0.915, 1.000), a sensitivity of 0.878, a specificity of 0.929, and a correctness index of 0.807.
The clinical prediction model showed that the model demonstrated a higher net clinical benefit
across the threshold probability intervals from 5% to 100%, and a better goodness-of-fit was shown
in the calibration plot. Conclusions: Peripheral microcirculatory changes are more pronounced in
patients with diabetes mellitus complicated with coronary artery disease, and the number of cross-
tubular collaterals, TyG index, gender, and hypertension are all independent predictors of diabetes
mellitus complicated with coronary artery disease, and the combination of all four of them has a
better predictive value for patients with diabetes mellitus complicated with coronary artery dis-
ease.
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BTN 80% [1]. UTAFR, BEAS BRI AN RS KRR mr, SRH PCHRYT I ek i N E0E
N, OIURESERISET AEHT NI, kO 1T W G (2] B RO R T RIS . R B
Piv B Re RS AR IR AU 2 0 S ml, SER 5 R DS BIGR AR REAL . W PR S8 I A e i, DRI
PRIG PEAR 22 A8 0] R AR, AR R BT i, e I RS O R B BOR sl a2, o
PEOIUESER A A A, RSE. L3 OSBRI ARRE R, TS 8™ 3], FHIRHIA je O KU
W PR R o T S M S AR B A G E . JB B FRARPL(IR) 2 — R AL AR 7 1 SCHERTJE,
FERERR(DM) AR ZAL S AR, 3 S5 0 s dod SRS Jek Lo (14 5 e ke A 3L AR, JF AT e
S EL TR [4]-[6] . AHT Ui L A B A0 08 BV SRS PRoms (3 AR R AR INLE FO 57 , JFIHSE TyG 48 %L,
PP FLAE TR PRI 58 2 3 RO LA A XSS 7 T ) 4B

2. MRMRETT*
2.1 RN

HEHL 2022 4F 9 H & 2023 4 9 A T35 5 K& M & B2 e il & B s T s Be O I N BT B HLAF S a9 N HE
FRBRUER 55 420 FR I B A 70 %o

2.2. ANKFHE

(1) 4 18~75 %; (2) A “ZWR. LK. 2. AWEREEFE” R AFE FAEZ 0. b
ML HE > 11.1 mmol/L 352 IR IMAE > 7.0 mmol/L B8 171 IR & i 2 3X56 2 h 1ffE > 11.1 mmol/L; (3) AF
A EFEB TR E AT RBINOE R (4) Rkl e, (5) #H-0HE. BNP, L =1, DIC &%,
RGOSR S (6) BRI FE.

2.3. HiRdrfE

(1) SYECWURESE, WA OFIIE% . ThBhRkE s SOl SO ko™ R 1 8 (2)
MIIEESH - B S RPN BRI KA AR I (3) MPEA. WIhREREE: 4) A
IS BT G0 S B (B) TP AN BRI (6) FEAMEE & X TE U kA Nia T Ko IR Eh

ik 55 A TR B
AW TALTE B R M RN & SR EE e 2 2 R B 2R 01 it iE(204-223), Frfy iBE 28 TR FE
e

2.4. AR5
24.1. AOFEHIERE
RN, MRS, BRI .
24.2. BHERBIBRE
BT B 8 B A AR N B HEAT T BRGSO R 2, SR ek ks B BT o el Rk e 725 2 B R 3 Ao it
5 Gensini ¥E43[7], PEARHE(LE 1).
243 LEBERE
A AR N GBI B R A ARG TR A, DS A O B 5 12 B (LVEF).

244, SERIERRE
KEBUREEED 8h MBI A, B A OLIEAL AR, A% I3 E R AR TR . a5
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SHERE(TC). HiM=B8(TG). =% 5 I8 & (A H [ ¥ (HDL-C). %5 & s & (A H[E B2 (LDL-C). JE& A (a)
(Lp(a))~ JRIR(UA). WS F(Tnl). FIZEBEEER(HCY). BEfL 205 A (HbALC). % iE Mk (GLU). B
TN R IR(BNP). FLIEREBE(LDH). D- 1k,

Table 1. Gensini scoring criteria

5= 1. Gensini WA

AR % N (S L T (e Cae
1~25 0 1 7 S AR B0 ik 20T 1 1
26~50 0 2 A AR B bk Hh 3 1 1
51~75 0 4 7 el PR 0 Jk 2z 1 1
76~90 0 8 KET 5 5
91~99 0 16 eI B ST B 2.5 2.5
99 f -8 16-8=8 JEHITBE S B 15 1.5
100 7 0 32 JEHTRE S0 1 1
100 A, RIFIEF -16 32-16=16 E R BOpiFa 1 1
100 B, K 25%8k 5 -12 32-12=20 2 XASEIMIL 0.5 0.5
100 H, KR 50%%% = -8 32-8=24 7 |A] i 33 Ui 2.5 35
100 A, RUR T5% A —4 32-4=28 77 1AL S i 1 2
100 i, K 9008k 5 -2 32-2=30 7. [B] Jj@ 32 328 %t 1 2
100 A, RIE 99%5k 4 -1 32-1=31 e ST 5T 1 1

2.4.5. PRNIEFIBRRE

K FMAE AKX (TRBOOOD A& A ARG M ) EATAG I, TS A & (W il TR B = 2/ 05 H 15
min, SR ERAE . ANUIESAE S R UOR 22> 8h, RIRMRARRE 22°C, A H A LEIRE
T TFEATE R EE, BB E TR L, SAMEBTROEECN 200 15, KRR A A 5
BATCEE . BRATE TR RE: © AR, SfEEWE. . MARER. MBS, Hil
FRANEER. #TERE. B, S XEHE. WSS @ RERS: BfRE. Amt. @ #F
FAR Gy BAEFLK TR KA Ak, BAARME(N T 2), BSARYERMIEIR IR 0 [8] %4 — T gt SR ic 4y,
BB S R ISR, AT B R BN B S (T S A, Eh A% T AR 7T N 53 % R
BERANME N EGT T I mE A .

Table 2. Microcirculation examination scoring criteria

2. WIRFEEIF S IRE

At Ganl=l AF b 431
TE T - 61%~80% 0.4 %
b i 1.0 % >80% 1.2 %
N 0.2 % i T2 40(%) —
KA 0.6 7> <10% 04
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EREE(S6/mm) - 11%~30% 0.2 4y
>9 % 04 31%~60% 0.4 %
7~9 % 1.0 4 >60% 1.2 4
4~6 % 2.0 4y ML -
1~3 % 3.0 % i 04
i H A 4% (um) — S TR 0 4>
<9 1.0 47 KL 0.4 4y
9~13 04 RLi 0.8 4
>13 1.0 4 LR 1.6 4
A E 12 (um) - R 4.0 4y
<11 1.0 4 2 6.0 4
11~17 0% H —
>17 1.0 & >2 4.8 4y
FETI B A% (um) — 1~2 2.0 41
<12 1.0 4% o 0%
12~18 04y FLK TR
>18 1.0 4 >2 i 1.0 4
B (um) — ], 2 HE 0.4 %
<150 1.0 4 AL 1 HE 0.1 4y
150~250 04 A 0%
>250 1.0 4 73k
A SUEREL(%) - BBUIRAR 0 4
<30% 0 4% RIEAL 0.4 4y
31%~60% 0.2 4 FH 1.6 4%

2.4.6. TyG {EHHE

B 50K GLU 1 TG [ #5H08 mg/ldL, 2AERIEAR: TyG 182 = In[(TG*GLU) 21T 5H 1S H TyG
FREL
2.5. Gt oA

BATRHA SPSS25.0 Giit AT AT HE b, FEARIFE KA PASSL5 Bt FUE BB &1 TR
#% Kolmogorov-Smirnov test 54 Q-Q Bl iAAT IEA L, & IEASTER HIIE + FRlEERR,
ERVEWTR IR, AT EIESER, M (P25, P75)Fik, 25104 %H wilcoxon FRAIKG LG, 2
SPE S BT R A wilcoxon FRAIREES o X T 43 A8 & AR 1 23 LR, 73 200 P i R A R 7 ke de sl
fisher F VIS5 G FPEUE R AR S €= PR & IESTERA R, AR & ESIERAH
FIS G o A5 ARG U7 T Logistic [RIERERY, AR &k 7y KO A AT, B PPN AR YE ROC k.
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3. fIRGER
3.1. BERIFE

NANBESLAT 55 44 2 AURE IR B, Hrd 41 NG IR OGO 2) Rl 14 N T 50 (FE et 0o
). BB N 2 BUpE R 4RI (62,91 + 10.46) %, i 28 44(50.9%) 4 %, HbALC Jy 7.20
(6.50, 8.45), GLU 4 8.05 (6.56,9.20), Tnl ¥y 2.50 (1.50, 4.65), LVEF 4(65.98 £5.17)% (.7 3). *fLL#
ZRLR] Y — M TR BN PR AR R S A e o AL AR B, ko0 5 L7 481 B T RS2 5 7 (61.0% vs 21.4%, P =
0.011). =i1fiLJE(80.5% vs 42.9%, P =0.019). H# At IfL£T 8 %51 (7.60 vs 6.50, P = 0.035) 7= & IfiLA 44 151 (8.36
vs 6.49, P =0.030). L4558 F1#551(2.80 vs 1.15, P = 0.022) 1 /. % 5 1fiL 73 $ 5 {1K.(65.02 + 5.16 vs 68.79 + 4.23,
P =0.017)f &3 (WL 3).

Table 3. Analysis of baseline data of diabetes patients

3. RERREFENELERNSN

fabw JAR(N = 55) ARt LR AL(n = 14) LR AL(n = 41) th2Z P
G 62.91 +10.46 59.21 +10.72 64.17 +10.19 1.551 0.127
S 28 (50.9) 3(21.4) 25 (61.0) 6.531 0.011*
i 39 (70.9) 6 (42.9) 33 (80.5) 5.456 0.019"
o i LA 4(7.3) 2 (14.3) 2(4.9) 0.330 0.566
HCY 12.73 +3.73 11.6 +2.04 13.12 £4.10 1.805 0.078
HbA1C 7.20 (6.50, 8.45) 6.50 (6.50, 7.90) 7.60 (6.80, 8.50) 2111 0.035"
TC 4.63+1.63 4.90 +1.36 454+1.72 0.716 0.477
TG 1.51+£0.90 1.30 £0.75 1.59 £0.95 1.040 0.303
HDLC 1.28 £0.30 1.37 £0.28 1.24 £0.30 1.340 0.186
LDLC 2.88+1.48 321+1.17 2.77 £1.57 0.945 0.349
Lp(a) 110.00 (49.00, 287.50)  123.50 (82.00, 201.00)  105.00 (41.00, 363.00) 0.435 0.664
UA 335.49 + 102.49 317.50 + 68.12 341.63 +111.90 0.758 0.452
LDH 196.42 + 34.77 200.79 + 33.88 194.93 +35.36 0.541 0.591
GLU 8.05 (6.56, 9.20) 6.49 (5.85, 8.47) 8.36 (7.12, 9.53) 2.164 0.030"
Tnl 2.50 (1.50, 4.65) 1.15 (0.70, 3.30) 2.80 (2.00, 6.30) 2.290 0.022"
D-— %k 0.73+0.24 0.74 £0.10 0.73+0.28 0.239 0.812
BNP 25.04 (11.16, 53.08) 16.77 (10.00, 47.22) 27.54 (13.67, 56.75) 0.797 0.425
LVEF 65.98 +5.17 68.79 + 4.23 65.02 +5.16 2.458 0.017"
TyG a4t 9.03 +0.63 8.75 + 0.67 9.12 +0.60 1.945 0.057

H: HCY AFEZEMERR; HbALC NBELILA & H; TC ALNBREE:; TG AHM=ls; HDL-C AR E A

[E8F; LDL-C i s 4 A E e

Lp(a) NflEE A a); UA NIRER; LDH ANFLER I

GLU M= EFI b

Tnl MAESEE; BNP N B BUNRIL; LVEF A SH 5% TyG ¥y H M = e mi & v RpE . ®rERA
HEiih 53 X (P <0.05).
32 MAREHREMMEREELEROELE
SRR AR B, 6078 4H A A B 46 (126.58 £ 51.02 vs 165.21 + 79.69, P = 0.040), ¢ X #EEL
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HZ(t=2716,P =0.007), ZREGGIFERN, MEAEEIEIEWE . FHE5. MARER. b/
ABER. HTEAE. B, BBEREL Wl AR, FLTFEIKA. Ak, BB, HEMR

s #ERG . BRSIIET TR T E R (LK 4).

Table 4. Analysis of microcirculation indexes in diabetes patients

4. BRI BB EIERR AT

fabr SAA(N = 55) e (n = 14) SECIFE A (n = 41) thAzZ P
M 32 (58.2) 8 (57.1) 24 (58.5) 0.008 0.927
ERHOE R 42 (76.4) 10 (71.4) 32 (78.0) 0.019 0.889
WMABER 7.95 +2.05 8.14 £ 2.41 7.88+£1.94 0.414 0.680
Wl EE R 10.02 +2.66 10.71 +3.25 9.78 +2.43 1.136 0.261
B RN AR 1.28+0.20 1.35+0.25 1.25+0.18 1.628 0.109
PETH B A% 1311 +4.41 13.79 + 6.09 12.88 +3.74 0.662 0.511
EREK 136.41 £ 61.20 165.21 + 79.69 126.58 + 51.02 2.103 0.040"
X EREL — — - 2.716 0.007"
<30% 22 (40.0) 10 (71.4) 12 (29.3) — —
31%~60% 20 (36.3) 3(215) 17 (41.5) — —
61%~80% 10 (18.2) 1(7.1) 9 (21.9) — —
>80% 3(5.5) 0(0.0) 3(7.3) — —
W TR e A - — — 0.119 0.905
<10% 32 (58.2) 8(57.2) 24 (58.5) — -
11%~30% 12 (21.8) 4 (28.6) 8 (19.5) — —
31%~60% 6 (10.9) 1(7.1) 5(12.2) — —
>60% 5(9.1) 1(7.1) 4(9.8) — —
T 612.98 + 45.06 631.36 + 46.73 606.71 + 43.27 1.804 0.077
SFES 8 (14.5) 2 (14.3) 6 (14.6) 0.001 0.975
FL3K T kA 7(12.7) 0(0.0) 7(17.1) 1.417 0.234
7Lk - — - 1.621 0.105
WEUIR 18 (32.7) 7 (50.0) 11 (26.8) — —
RIEL 23 (41.8) 5 (35.7) 18 (43.9) — —
F4H 14 (25.5) 2 (14.3) 12 (29.3) — —
TEER 4 1.40 (0.60, 1.90) 1.65 (0.40, 1.90) 1.40 (0.80, 1.90) 0.142 0.268
A 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) -0.169 0.866
FEEAR 5 0.40 (0.00, 1.20) 0.10 (0.00, 0.40) 0.40 (0.40, 1.60) -1.710 0.087
B 2.40 (1.40, 3.40) 2.10 (0.50, 3.40) 2.50 (1.40, 3.40) -0.590 0.190

TR AA G EE (P <0.05).

3.3 MABRERBEFERSERRETERENHEXNY
gk Mk i 2 7 A T 5 A8 SO R R IE A DG (r = 0.303, P =0.025), AFGIHERE L, W5 8B, S
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By WA #FERD . . B MARCER. WARARCER. HITER, B, R
AR Wk, Afde. FLELTEKA . FERTEAR (L 5).

Table 5. The correlation between Gensini score and microcirculation indicators in two groups of patients
= 5. WLAEE Gensini iFH S EFRIMEXM

izt MR R P
SV ATy 0.078 0.057
e 0.161 0.241
MR -0.115 0.401
FERR 0.097 0.482
TR 0.112 0.417
ERHL 0.068 0.624
ANER -0.085 0.536
HHEER -0.074 0.589
i L N BCE AR -0.100 0.467
FETEAR 0.011 0.935
ERK -0.112 0.414
AU RERL 0.303 0.025"
e T8 ek A -0.062 0.651
i -0.052 0.706
S rg -0.132 0.337
FLK T #R KA -0.067 0.626
7Lk -0.096 0.485

“RoRZE S AA G EE (P <0.05).

3.4. ERBBEH L LB Logistic BV Hr

BRI, P<0.1 BAREMASAF, RIS mAiEd T R IR, ANBES A PR
mifilE. HCY. Tnl. LVEF. TyG #8%. Bk, R ERE. Ml. 2difikfs, B RAmLsE
PR EE . S SCEREEOR TyG 830, MREER L REIR, R E L TyG %L Al milE
Y1 R W PR KB 3 I R ek o7 RS TR0 IR 25 (L% 6).

Table 6. Logistic regression results of diabetic patients complicated with coronary heart disease
7 6. PEPRREEFH & 0RAY Logistic EY3L5R

izt B bR 2= Wald 52 P OR (95%Cl)
X EREE 2.953 1.148 6.619 0.010 19.17 (2.02, 181.92)
TyG % 2.551 1.093 5.447 0.020 12.82 (1.51, 109.24)
4531 4.002 1.509 7.036 0.008 54.72 (2.84, 1053.02)
o 1ML 5.022 1.803 7.757 0.005 151.65 (4.43, 5194.07)
PR -31.334 11.843 7.000 0.008 -
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3.5 BEZERIEER ROC iz

T ML T £ ROC #hZkrh, AUC 5y 0.688 (0.517, 0.860), R4 0.805 , 457N 0571, XX
BB ROC BhZkrf, AUC 4 0.730(0.582,0.878), R A 0.707, 53N 0.714, TyG f85T
M ROC fizk+H, AUC iy 0.645 (0.473,0.816), RBUE N 0.976, HEFFEN 0.286, FAEaMi{E N 8.23,
PEBI ) ROC £k, AUC v 0.698 (0.542,0.853), RIEE N 0.610, 455EN 0.786, 4 H Ein i
JE R CEREE TR TyG FE B350 Bl PR £ I et o A B I TN B, b TyG Fa %) wtil
MEBROLE 1(A). AT I SCEREE TyG $a50. PR, 10T DY SR8 bR B & X Wl PR s 2B 3 R
ek oo PRI TN B, 822 DR 1Y) ROC 4k, 4558 s, AUC 24 0.960 (0.915, 1.000), R B4 0.878,
FER 2N 0.929, IEHTEECH 0.807, PUTIEARER & A B TN E (LI 1(B)).

ROC Hi% ROC thék
1.0 1.0 e o
— B — HLE SRR
> —BOE — RRER
= — BRERH i
g — TyGHEHS — BmE
08 - 3 = 08 = giéﬁﬁi
— sz — TyGIEH
— sy
0.6 0.6
% 5
R &
B E
04 0.4
0.2 0.2
0.0 A 0.0
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-%5% 1-%5H
(A) (B)

Figure 1. ROC curves of single factor and model; (A) Single factor ROC curve plot; (B) Multi factor ROC curve graph
B 1 BERERREE ROC HhEE; (A) BEHER ROC HZE; (B) ZEZHAY ROC HhLkE

0.3

0.2

BIRE
0.1

0.0

— FRE
RE
— RRE

e

SERREEER

T T 1T T T TIT 1T~

0.0 0.2 0.4 0.6 1.0 0.0 0.2 0.4 0.8 1.0
SR EE FRMIAEE R
(A) (B)
Figure 2. Clinical prediction model; (A) DCA diagram; (B) Calibration diagram of prediction model
B 2. IEFRFUNER; (A) DCA E; (B) FUMREMIFSER
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3.6. IGARFMHRE

T VA EAS [ BE R IR S BR e S i) “ 53Rk aa 7, YRR 2R (DCA) LA 07 5 & 18 1 AL 1) il
AN AE R SZ BRI FH R RG,  45 12 R AE 5%~10006 1) B HE 2 [X. 5] A 242 B0 L B i P s A 19 3 2 (L 1
2(A)). A ZAE R, TR I T 26 5 Se bR gl R — Sy, kAT TGRS, RJ7
=2.882, P=0.942, LRWEMERLF, ZEREA R HINNELE 2(B)).

4. g

AT TE R DU R el O R R RE R M SR B s R
JULA B 5 25 v A 7 2 S I 23 ORI R A8 o B PR 6 O e Lo 6 1 B B 2 I 8 ) AR 1 R IR
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