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Abstract

Background The coronary slow flow phenomenon (CSFP) represents a common condition in patients with ischemia
and non-obstructive coronary artery disease (INOCA). The triglyceride-glucose index (TyG) and relative modified
indices have been established to be associated with CSFP. However, comparison of the clinical value of TyG and its
modified indices in predicting CSFP has not been evaluated.

Materials and methods INOCA patients were retrospectively enrolled. According to the corrected TIMI counts, the
patients were divided into the CSFP group and the non-CSFP group. A total of 4,627 patients were enrolled in our
study. Among them, 69 patients were divided into the CSFP group, while 586 patients were divided into the non-
CSFP group. Demographic, clinical risk factors, and laboratory results, including TyG and its modified indices, were
compared between the two groups. The prognostic value of TyG and its modified indices in CSFP was compared
using the area under the curve (AUC).

Results Most of the demographic and clinical risk factors between CSFP patients and non-CSFP patients were
comparable. For patients with CSFP, the patients were more likely to have chronic kidney disease (CKD) (39.13% vs.
20.31%, p<0.001) and less likely to have anti-diabetic therapy (14.49% vs. 27.13%, p=0.023). The patients with CSFP
also had higher body weight index (BMI) (p <0.001), higher levels of uric acid (UA), triglyceride (TG) (p=0.017), total
cholesterol (TC) (p=0.016) and low-density lipoprotein cholesterol (LDL-C) (p=0.006), homocysteine (p <0.001)

and uric acid (p <0.002). Both TyG and its modified indices, including TyG-WC, TyG-BMI were demonstrated to be
independently associated with CSFP in multi-variable logistic analysis after adjusting other co-variables.Further
receiver operating characteristic (ROC) curve demonstrated that TyG-WC showed the best performance in predicting
CSFP compared with other indices. Subgroup analysis revealed that the predictive value of TyG-WC in CSFP was
consistent in different subgroups except that the predictive value was better in male patients compared with female
patients,

Conclusions Our investigation reveals that TyG, TyG-WC and TyG-BMI were independent risk factors for CSFP. TyG-WC
showed a better predictive performance than other indices in predicting CSFP.
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Introduction

Chest pain is a frequent reason for emergency visits, with
cardiac causes including acute coronary syndrome (ACS)
and non-cardiac etiologies. The diagnose of chest pain
usually requires complex and sometimes invasive diag-
nostic methods for a conclusive diagnosis [1-4]. Coro-
nary angiography (CAQG) is pivotal for diagnosing ACS,
but some patients exhibit chest pain without obstructive
coronary arteries, classified as ischemia with no obstruc-
tive coronary arteries (INOCA) [5, 6]. Among INOCA
patients, CSFP is a potential etiology, though its patho-
genesis remains unclear [7, 8].

The detailed mechanism of CSFP are still unclear,
however, inflammation and insulin resistance are closely
related to the development of CSFP [7, 9-10]. The tri-
glyceride-glucose ratio (TyG), initially proposed as a sur-
rogate marker of insulin resistance, is now considered a
novel inflammation parameter, and its clinical value has
been extensively investigated in various cardiovascular
disorders [11-13]. Recently, its clinical value in predict-
ing CSFP has also been noted in some studies [14—17].
Moreover, the modified TyG indices, which combine TyG
with other parameters such as body mass index, waist
circumference, and waist-to-height ratio, have exhibited
favorable predictive value in diseases including CSFP
[18-21].

The clinical value of TyG and its indices in CSEFP have
been discussed before, however, which parameter has the
best predictive value is still unclear. Our study, so far as
we know, is the first study aiming to compare the clinical
value of these indices in CSEP.

Methods

Study population

This retrospective study was performed at Beijing Tian-
tan Hospital, Capital Medical University. The detailed
study information has been discussed in our previous
study [22]. In conclusion, patients with chest pain and
underwent CAG in our department from January 1st,
2022 to August 31st, 2023 were retrospectively enrolled.
Patients with normal coronary arteries which confirmed
by CAG were diagnosed with INOCA. Patients who were
younger than 18 years old, patients with stenotic coro-
nary arteries, patients with symptomatic heart failure,
patients with severe hepatic or renal diseases, patients
with aortic dissection or pulmonary embolism, patients
with cardiomyopathy were excluded.

Data collection

The baseline demographic data and laboratory results
were analyzed. Clinical information including demo-
graphic information (age, gender smoking history)
and previous medical history (hypertension, diabetes
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mellitus, dyslipidemia, coronary artery disease, cerebro-
vascular disease) were collected. The prior medication
use as well as body weight, height, and waist circum-
ference, were also collected. The calculation of the TyG
index and its modified indices was illustrated in previous
studies [14-21].

CSEP was diagnosed on the CAG results evaluated by
professional cardiologists. The corrected TIMI frame
count (CTFC) was used to evaluate the coronary blood
flow and patients with CTFC more than 27 in at least one
coronary artery were considered as CSFP [23].

Statistical analysis

Variables were shown as numbers and frequencies (per-
centages) or mean t standard deviation or median (first
quartile, third quartile), as appropriate. Categorical vari-
ables were compared with the chi-square test, continuous
variables were compared with independent sample t-test
or Mann-Whitney test. Multi-variable logistic analysis
was employed to assess the associations between TyG
and its modified indices and CSFP. Three models were
used to adjust the confounding co-variables. In Model
1, no other co-variables were adjusted. In Model 2, gen-
der, smoking, age, body mass index (BMI), chronic kid-
ney disease, and anti-diabetic treatment were adjusted.
In Model 3, gender, age, smoking, BMI, aspartate ami-
notransferase (AST), total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), apolipoprotein
Al (ApoAl), apolipoprotein B (ApoB), uric acid (UA),
B-type natriuretic peptide (BNP), estimated glomeru-
lar filtration rate (eGFR), homocysteine (HCY), chronic
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kidney disease, and antidiabetic treatment were adjusted.
To explore the dose-response relationship between TyG
and its modified indices and the development of CSFP,
logistic regression models incorporating restricted cubic
splines (RCSs) for smooth curve fitting were also per-
formed. The receiver operating characteristic (ROC)
curve was applied to evaluate the predictive value of dif-
ferent indices. The comparison of the ROCs was used by
net reclassification index (NRI) and integrated discrimi-
nation improvement (IDI). Data processing and analy-
sis were performed using R version 4.3.0 (2023-06-21),
along with Storm Statistical Platform (www.medsta.cn/
software).

Results

A total of 4,627 patients underwent CAG, of whom 655
were identified as INOCA. These patients were subse-
quently divided into two groups: the CSFP group (n=69)
and the non-CSFP group (n=586). The study flowchart is
presented in Fig. 1.

The demographic data, prior medical history, and med-
ication use history were compared between the CSFP
group and the non-CSFP group, with the results sum-
marized in Table 1. Overall, most parameters were com-
parable between the two cohorts. However, significant
differences were observed in certain aspects. Patients
in the CSFP group exhibited a significantly higher body
mass index (BMI) compared to those in the non-CSFP
group [26.56(25.35,28.72) vs. 25.56 (23.11,27.68),kg/m?,
p<0.001]. Additionally, the prevalence of CKD was sig-
nificantly higher in the CSFP group than in the non-CSFP
group (39.13% vs. 20.31%, p <0.001).

Patients with chest pain and underwent coronary angiography in our department
from January 152022 to August 3112023 (n=4627)

Patients who had definite etiology (cardiomyopahty, cardimyocartis,etc )
(n=43), patients who had stenotic coronary artery (n=3349), patients who
underwent PCI (n=324) or CABG (n=53 ) before; patients who underwent
valve replacement surgery (n=7), patients with sympotamic heart failure
(n=49); patients with severe renal or hepatic dyscuntion (n=77);lack of data
(n=23 ), unwilling to participate (n=11), patients who were excluded with

Excluded:

other reasons (n=36).

Chest pain patients with normal coronary arteries (n=655)

CSFP group (0=69)

Fig. 1 Study flow chart

I non-CSFP group (n=586)
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Table 1 The comparison results of demographic data, prior medical history, and medication use history between the CSFP group and

the non-CSFP group

Variables Non-CSFP group (n=586) CSFP group (n=69) Statistic P

Age, years, M (Q,, Q3) 64.00 (57.00, 70.75) 64.00 (57.00, 69.00) 7=-0.77 0439

BMI, kg/mz,M (Q;, Qy) 2556 (23.11,27.68) 26.56 (25.35,28.72) /=-3.32 <0.001

Gender, n(%) x’=0.93 0.335
Female 204 (34.81) 20 (28.99)
Male 382 (65.19) 49 (71.01)

Hypertension, n(%) x’=0.37 0.544
No 191 (32.59) 20 (28.99)
Yes 395 (67.41) 49 (71.01)

Diabetes melittus, n(%) X’=2.68 0.102
No 348 (59.39) 48 (69.57)
Yes 238 (40.61) 21(3043)

Dyslipidemia, n(%) x’=0.66 0415
No 184 (31.40) 25 (36.23)
Yes 402 (68.60) 44 (63.77)

Previous stroke, n(%) =122 0.269
No 482 (82.25) 53(76.81)
Yes 104 (17.75) 16 (23.19)

Previous CAD, n(%) x’=2.10 0.147
No 497 (84.81) 63 (91.30)
Yes 89 (15.19) 6(8.70)

Chronic kidney disease, n(%) X’=12.63 <0.001
No 467 (79.69) 42 (60.87)
Yes 119(20.31) 27 (39.13)

Current smoker, n(%) x’=0.04 0.845
No 341 (58.19) 41 (59.42)
Yes 245 (41.81) 28 (40.58)

Anti-platelet therapy, n(%) - 0.495
No 237 (40.27) 24 (34.78)
Yes 349 (59.56) 45 (65.22)

Nitrogen, n(%) x’=0.04 0.850
No 372 (63.48) 43(62.32)
Yes 214 (36.52) 26 (37.68)

RASSI, n(%) x’=0.49 0482
No 348 (59.39) 44 (63.77)
Yes 238 (40.61) 25 (36.23)

Beta blocker, n(%) x’=0.00 0.952
No 278 (47.44) 33(47.83)
Yes 308 (52.56) 36 (52.17)

CCB, n(%) x’=0.77 0.380
No 396 (67.58) 43 (62.32)
Yes 190 (32.42) 26 (37.68)

Anti-diabetic therapy, n(%) X’=5.15 0.023
No 427 (72.87) 59(85.51)
Yes 159 (27.13) 10 (14.49)

Abbreviation CSFP: coronary slow flow phenomenal; BMI: body mass index; CAD: coronary artery disease; RASSi: angiotensin-converting enzyme inhibitor; CCB:

calcium channel blocker

The baseline laboratory parameters were compared
between the CSFP group and the non-CSFP group, with
the results detailed in Table 2. In summary, patients in the
CSEP group exhibited significantly higher levels of AST
[21.10(17.30,25.80) vs. 19.00(16.30,24.00) U/L, p=0.026],
UA [384.90(308.90,443.70) vs. 337.20(283.18,402.45)

mmol/L, p=0.002], HCY[14.13(11.21,20.86) vs. 12.28
(9.98,15.75) mmol/L, p<0.001], and BNP [241.70
(166.90,329.60) vs. 42.45 (20.18,97.87) pg/ml, p<0.001].
Additionally, the levels of TC, TG, and LDL-C were also
higher in the CSFP group compared to the non-CSEP

group.
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Table 2 The comparison results of baseline laboratory parameters between the CSFP group and the non-CSFP group

Variables Non-CSFP group (n=586) CSFP group (n=69) Statistic P

WBC, 10%/L, M (Q;, Q) 6.55 (540, 7.68) 6.20 (4.95,7.54) =171 0.088
RBC, 10'%/L, M (Q;, Q) 446 (4.11,4.76) 450 (4.17,4.70) /=-0.13 0.896
PLT, 10%/L, M (Q;, Q) 219.00 (184.00, 256.00) 208.00 (160.00, 249.00) 7=-196 0.050
ALT, U/L, M (Q;, Q5) 19.40 (14.30, 27.70) 22.10(15.10, 31.60) /=-143 0.153
AST, U/L, M (G, Q3) 19.00 (16.30, 24.00) 21.10(17.30, 25.80) 7=-222 0.026
Albumin, g/L, M (Q;, Q3) 39.60 (37.90, 41.30) 39.40 (37.50, 41.40) /=-0.78 0.438
Fasting glucose, mmol/L, M (Q;, Qs) 547 (4.87,648) 5.18(4.77,5.83) /=-133 0.182
eGFR, ml/min, M (Q;, Qs) 100.96 (87.75,110.32) 99.33(91.83, 108.06) 7=-0.24 0.812
UA, mmol/L, M (Q,, Q3) 337.20 (283.18,402.45) 384.90 (308.90, 443.70) /=-3.12 0.002
TG, mmol/L, M (Q;, Q3) 1.39(1.01,2.07) 1.66(1.12,2.45) /=-2.38 0.017
TC, mmol/L, M (Q;, Q) 3.63(3.12,4.39) 3.86 (3.32, 4. 63) 7=-241 0.016
HDL-C, mmol/L, M (Q;, Q3) 3(0.98,1.31) 1.16(1.01,1.33) /=-0.63 0.526
LDL-C, mmol/L, M (Q,, Q3) 1.94 (1.52,2.60) 2.18(1.80, 2. 99) 7=-274 0.006
ApoA1, mmol/L, M (Q;, Qs) 1.29(1.16, 1.46) 1(1.15,1.44) 7=-0.03 0.976
ApoB1, mmol/L, M (Q, Qs) 0.70 (0.58,0.86) 0.76 (0.66, 0. 95) /=-242 0.016
HCY, mmol/L, M (Q;, Qs) 12.28 (9.98,15.75) 1413 (11.21,20.86) /=-345 <0.001
HbA1C, %, M (Q;, Q3) 6.20 (5.80, 7.00) 6.10 (5.80, 6.60) /=-1.28 0.200
BNP, pg/ml, M (Q;, Qs) 4245 (20.18,97.87) 241.70 (166.90, 329.60) /=-10.86 <0.001
TyG, M (Q;, Qy) 8.73+0.63 9.03+0.61 t=-3.84 <0.001
TyG-WC, M (Q,, Q3) 834.09 (770.57,903.21) 918.96 (832.54, 997.66) /=-583 <0.001
TyG-BMI, M (Q;, Q3) 222.17+38.36 24156+ 38.69 t=-3.97 <0.001
TyG-WHR, M (Q;, Q) 50(4.6,54) 5.5(5.1,5.8) /=-559 <0.001

Abbreviation: CSFP: coronary slow flow phenomenal; ALT: alanine aminotransferase; AST: aspartate transaminase; eGFR: estimated glomerular filtration rate; UA:
uric acid; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; Apo: apolipoprotein; HCY:
homocysteine; HbA1C: Glycosylated Hemoglobin, Type A1C; BNP: B-type natriuretic peptide; TyG: triglyceride-glucose ratio; TyG-WC: triglyceride-glucose ratio-
waist circumference; TyG-BMI: triglyceride-glucose ratio- body weight index; TyG-WHR: riglyceride-glucose ratio-weight height ratio

Furthermore, the comparison of TyG and its modi-
fied indices between the CSFP and non-CSFP patients is
also presented in Table 2.Compared with the non-CSFP
group, the CSFP group demonstrated significantly higher
levels of TyG (9.03+0.61 vs. 8.73+0.63, p<0.001), TyG-
WC [918.96 (832.54,997.66) vs. 834.09 (770.57,903.21),
p<0.001], TyG-BMI (241.56+38.69 vs.222.17+38.36,
p<0.001),and TyG-WHR [5.5(5.1,5.8) vs.5.0(4.6,5.4),
p<0.001].

To assess the potential nonlinear correlation between
the indices and CSFP, we carried out Restricted Cubic
Splines (RCS) fitting within the Logistic regression mod-
els. The findings suggested that some relationships are
significantly non-linear while others may be closer to
a linear relationship without statistic significance, as
depicted in Fig. 2.

Subsequently, we proceeded with a multi-variable
logistic regression analysis to appraise the association
between these parameters and CSFP. The detailed results
of the logistic regression analysis are presented in Table 3.
Before we perform the multi-variable logistic analysis,
the potential collinearity of the enrolled variables were
tested and the results showed that there were moderate
collinearity relationship between TG and TyG, TyG-WC,
TyG-BMI and TyG-WHR. In conclusion, after adjusting

for other confounding variables, TyG, TyG-WC, TyG-
BMI except TyG-WHR emerged as independent risk fac-
tors for CSFP.

The predictive value of TyG and its modified param-
eters in CSFP were compared using the ROC curve. In
summary, both TyG and its modified parameters have
good predictive value in CSFP. The area under the curve
(AUC) of TyG, TyG-WC, TyG-BMI, and TyG-WHR in
predicting CSFP are 0.648 (0.580-0.717), 0.714 (0.647—
0.781), 0.655 (0.586—0.723), 0.705 (0.644—0.767), respec-
tively (Fig. 3). We also compared the predictive value
between TyG-WC and other parameters in CSFP and
TyG-WC has better performance when compared with
TyG and other modified parameters using net reclas-
sification improvement and integrated discrimination
improvement (Table 4).

We further evaluated the predictive value of TyG-WC
in different subgroups. The detailed results of TyG-WC in
CSFEP among different subgroups were shown in Table 5.
The results demonstrated that TyG-WC was significantly
associated with CSFP in patients with different age, BMI
and smoking history. However, for male patients, the pre-
dictive value of TyG-WC in CSFP was not statistically
significant.
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Table 3 Logistic regression analysis of TyG and its modified indices with CSFP

Variables Model 1 Model 2 Model 3

OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P
TyG 2.09(1.42~3.07) <0.001 246 (1.36~3.95) 0.005 2.76 (143~4.84) 0.002
TyG-WC 251 (1.41~3.81) <0.001 277 (142~4.02) <0.001 291 (1.59~5.02) <0.001
TyG-BMI 1.01(1.01~1.01) <0.001 0.87 (0.79~0.96) 0.008 0.85 (0.75~0.96) 0.007
TyG-WHR 277 (19W ~4.03) <0.001 1(0.28~6.17) 0.736 1.39(025~7.71) 0.703

Abbreviation CSFP: coronary slow flow phenomenal; TyG: triglyceride—glucose ratio; TyG-WC: triglyceride-glucose ratio-waist circumference; TyG-BMI: triglyceride-
glucose ratio-body weight index; TyG-WHR: triglyceride-glucose ratio-weight height ratio; OR: Odds Ratio, Cl: Confidence Interval

Model 1: we did not adjust other covariates

Model 2: we adjusted gender, smoking, age, BMI, chronic kidney disease, and antidiabetic therapy
Model 3: we adjusted gender, age, smoking, BMI, AST, TC, TG, LDL-C, HDL-C, ApoA1, ApoB, UA, BNP, eGFR, HCY, chronic kidney disease, antidiabetic therapy

Discussion

In this retrospective study, we investigated the clini-
cal value of TyG and its modified indices in predicting
CSFP.As one of the largest studies in this area, we identi-
fied two key findings. First, we demonstrated that TyG,
TyG-WC, and TyG-BMI are all independent risk factors
for CSFP in patients with INOCA. Second, our analysis
revealed that TyG-WC exhibited superior predictive per-
formance in identifying CSFP compared to other TyG-
related indices.

TyG has recently emerged as a novel biomarker for
a wide range of diseases [24]. It has been extensively
reported that TyG is associated with both cardiovascu-
lar and non-cardiovascular conditions [25-28]. However,

the correlation between TyG and CSFP has been under-
explored. In a retrospective study by Kaplangoray et
al.,118 CSFP patients and 105 non-CSFP patients were
analyzed, and multivariate analysis revealed that TyG was
an independent predictor of CSFP, with an AUC of 0.868
[14]. Similarly, studies by Bilen et al.and Yuksel et al.also
demonstrated that the TyG index is an independent pre-
dictor of CSFP [15, 16]. Another study involving 1,100
participants further confirmed TyG as an independent
risk factor for CSFP [17].These findings are consistent
with our results.

The clinical value of TyG-modified indices has also
been evaluated in numerous studies. For instance, Cheng
Y and colleagues examined the relationship between
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Fig. 3 The ROC curve of TyG and its modified indices in predicting CSFP

Table 4 The comparison results of net reclassification improvement and integrated discrimination improvement between TyG-WC

and other indices in CSFP

NRI: OR(95% Cl) IDI: OR(95% Cl) P
TyG-WC 04391 [0.2074-0.6708] <0.001 0.0651 [0.0298-0.1003] <0.001
vs. TyG
TyG-WC 0.3368 [0.096-0.5776] 0.002 0.0609 [0.0218-0.1001] 0.006
vs. TyG-BMI
TyG-WC 0.2166 [-0.0266—0.4597] <0.001 0.0206 [ 0.0088-0.0324] <0.001
vs. TyG-WHR

Abbreviation: CSFP: coronary slow flow phenomenal; TyG: triglyceride-glucose ratio; TyG-WC: triglyceride-glucose ratio-waist circumference; TyG-BMI: triglyceride-
glucose ratio-body weight index; TyG-WHR: triglyceride-glucose ratio-weight height ratio; OR: Odds Ratio, Cl: Confidence Interval
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Table 5 Results of subgroup analysis of TyG-WC in CSFP
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Variables n (%) OR (95%(Cl) P P for interaction

All patients 655 (100.00) 2.09(142~3.07) <0.001

Gender 0.029
Female 224 (34.20) 0.98 (0.44~2.17) 0.955
Male 431 (65.80) 267 (1.70~4.21) <0.001

Diabetes 0618
No 396 (60.46) 2.35(146~3.78) <0.001
Yes 259 (39.54) 1.90 (0.95~3.78) 0.068

CKD 0.081
No 509 (77.71) 2.71(1.67~437) <0.001
Yes 146 (22.29) 1.26 (0.62~2.57) 0523

Current smoker 0.986
No 382 (58.32) 2.10(1.23~3.59) 0.006
Yes 273 (41.68) 2.12(1.20~3.74) 0.010

Age (years) 0.300
<65 334 (50.99) 1.76 (1.03~2.98) 0.037
>65 321 (49.01) 2.66 (1.48~4.79) 0.001

BMI (Kg/m?) 0.563
<24 208 (31.76) 2.54(0.94 ~6.85) 0.066
>24 447 (68.24) 1.84(1.20~2.83) 0.005

Abbreviation CSFP: coronary slow flow phenomenal; CKD: chronic kidney disease; BMI: body weight index; OR: Odds Ratio, Cl: Confidence Interval

TyG-BMI and cardiovascular outcomes in patients
undergoing percutaneous coronary intervention. After
adjusting for other variables, TyG-BMI was found to be
correlated with the incidence of adverse clinical events
[29]. In a retrospective study by Li ZP et al., 1625 INOCA
patients were analyzed, and the TyG-BMI index was
identified as an independent predictor of CSFP [19]. Xue
Y et al.discovered that TyG-WC was positively associated
with liver stiffness and exhibited the strongest diagnostic
capacity among related indices [26]. Additionally, Xuan
W found that TyG-WHtR was independently associated
with the risk of developing diabetes [30].

The comparative analysis of TyG and its modified indi-
ces has also been explored in previous studies. Miao H
and colleagues compared the capabilities of TyG and its
modified parameters in identifying patients with hyper-
tension and high cardiovascular risk. After adjusting for
other confounding factors, both TyG and the modified
parameters demonstrated favorable predictive values.
Among these, TyG-WC exhibited the highest diagnostic
effectiveness for hypertension [31]. However, in another
study by Yang C et al., TyG and its modified indices were
evaluated, and the results indicated that TyG-WHR
showed the best performance in predicting newly onset
hypertension in the general population [32]. Similarly, Li
X et al.assessed the predictive value of TyG and its modi-
fied indices in newly onset diabetes, and the findings
revealed that TyG-WHR outperformed other parameters
in this context [33].

The pathogenesis of CSFP is multifaceted and complex.
Endothelial dysfunction, inflammation, oxidative stress,

and insulin resistance have all been implicated as key
factors associated with CSFP [7, 8, 34]. Previous studies
have demonstrated that endothelium-dependent flow-
mediated dilatation function is compromised in patients
with CSFP. Additionally, cellular factors that influence
endothelial vasoconstriction or vasodilation are often
imbalanced, as shown in various studies [35-37].

Inflammation is another potential mechanism under-
lying CSEP. Elevated levels of high-sensitivity C-reactive
protein and other inflammatory biomarkers have been
observed in patients with CSFP in prior research [38, 39].
Oxidative stress is also considered a possible mechanism,
as evidenced by higher levels of malondialdehyde and
superoxide dismutase in CSFP patients, indicating that
oxidative stress may impair endothelial function [40, 41].

These mechanisms are likely interconnected and may
collectively contribute to the development of CSEP.
Our findings are consistent with these previously estab-
lished mechanisms, suggesting that the associations we
observed may be mediated through these pathways.

In our study, the TyG-WC exhibited an AUC value of
0.714,indicating only a modest discrimination ability.
However, it is still worthy since some well-known risk
scores, including the Framingham risk score, also dem-
onstrate modest discrimination ability [42, 43]. Given its
simplicity and non-invasive nature, TyG-WC may still
prove useful as a screening tool for identifying CSFP
patients prior to undergoing CAG.

The underlying mechanism for the superiority of TyG-
WC over other TyG indices in predicting CSFP remains
unclear. TyG is a well-accepted biomarker for insulin
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resistance, while waist circumference (WC) is a well-
established indicator of visceral adiposity. Both TyG
and WC are potentially associated with atherosclerosis
and inflammation, which are key mechanisms underly-
ing CSFP [7, 34]. The combination of TyG and WC may
therefore provide a more prominent association with
CSFP compared to other TyG indices.

In conclusion, to the best of our knowledge, this is the
first study to compare the predictive values of TyG and
its modified indices in predicting CSFP. Our findings
indicate that TyG-WC exhibits relatively superior dis-
criminative ability in predicting CSFP compared to other
indices.

Our study has several limitations. First, as a single-
center retrospective study, our preliminary findings
require further validation through multi-center studies.
An external validation cohort with a larger and more
diverse group of participants is necessary to confirm our
results. Second, the prognostic value of TyG and its mod-
ified indices regarding the long-term clinical outcomes of
CSFP patients remains to be explored in future studies.
Third, our study only included patients with chest pain,
which could introduce potential selection bias. Finally,
the measurement of waist circumference and BMI relied
on the accuracy of the measurement process and may
have been subject to observer variability.These factors
could also represent potential limitations in our study.
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