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as a novel predictor of slow coronary flow
phenomenon in patients with ischemia
and nonobstructive coronary arteries (INOCA)
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Abstract

Background The triglyceride glucose-body mass index (TyG-BMI index) has been suggested as a novel predic-
tor of insulin resistance. However, its predictive value for slow coronary flow phenomenon (SCFP) in patients
with ischemia and nonobstructive coronary arteries (INOCA) remains unclear.

Methods We consecutively recruited 1625 patients with INOCA from February 2019 to February 2023 and divided
them into two groups based on thrombolysis in myocardial infarction (TIMI) frame counts (TFCs): the SCFP group
(n=79) and the control group. A 1:2 age-matched case—control study was then performed. The TyG-BMI index
was calculated as In [plasma triglyceride (mg/dL) x fasting blood glucose (mg/dL)/2] x BMI.

Results TyG-BMIindex in the SCFP group (218.3+25.2 vs 201.0+26.5, P<.001) was significantly higher than in the
normal controls. TyG-BMI index also increased with the number of coronary arteries involved in the SCFP. Multivari-
ate logistic regression analysis showed that TyG-BMI, BMI, and TG were independent predictors for SCFP. Receiver
operating characteristic (ROC) curve analysis showed that when the TyG-BMI index was above 206.7, the sensitivity
and specificity were 88.6% and 68.5%, respectively, with an AUC of 0.809 (95% Cl: 0.756-0.863, P=.027). Combined
BMI with TG, the TyG-BMI index had a better predictive value for SCFP than BMI and TG (P<.001).

Conclusion The TyG-BMI index was an independent predictor for SCFP in INOCA patients, and it had a better predic-
tive value than BMI and TG.

Keywords Triglyceride glucose-body mass index, Slow coronary flow fhenomenon, Ischemia and nonobstructive
coronary arteries, Predictors

Introduction

Ischemia with nonobstructive coronary arteries

(INOCA) often occurs in patients with angina and nor-
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coronary angiography (CAG) [2]. The incidence of SCFP
in patients with INOCA ranges from 1 to 7% [3]. SCFP
is associated with an increased risk of adverse cardiovas-
cular events, and up to 80% of SCFP patients experience
recurrent angina attacks at rest. Approximately 20% of
SCEP patients are readmitted to the emergency room or
coronary care unit [4]. The recurrent episodes of angina
and the fear of sudden death significantly diminish the
quality of life for individuals with SCFP. However, the
underlying cause of SCFP remains unclear.

The triglyceride glucose index (TyG index), which
combines fasting triglycerides with fasting blood glu-
cose levels, has been proposed as a reliable surrogate
marker for insulin resistance [5]. Previous studies have
shown a close relationship between the TyG index
and arterial stiffness, as assessed by brachial-ankle
pulse wave velocity [6]. Cardiovascular conditions are
characterized with increased burden of inflamma-
tion. Body mass index (BMI) is an important clinical
indicator used to assess obesity and insulin resistance
[7], as well as chronic inflammation [8]. Similarly, tri-
glyceride-based indexes are considered metabolic and
low-grade inflammatory markers in cardiovascular dis-
ease [9]. The TyG-BMI index, which considers both the
TyG index and BMI, has been suggested as a surrogate
marker for insulin resistance in Chinese nondiabetic
individuals [10]. Given that SCFP is closely associated
with inflammation [11], insulin resistance [12], and
arterial stiffness [13], we hypothesized that the TyG-
BMI index may be involved in the pathophysiological
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processes of SCFP. Therefore, the aim of this study is to
investigate the correlation between the TyG-BMI index
and SCFP.

Methods

Study population

This is a retrospective observational study with a rela-
tively small sample size. From February 2019 to Feb-
ruary 2023, we consecutively enrolled 1625 patients
with INOCA. These patients were then divided into
two groups based on their TFCs. In total, 79 patients
developed slow coronary flow phenomenon (SCFP) and
were assigned to the SCFP group, while 158 patients
with normal blood flow were assigned to the con-
trol group (a 1:2 age-matched). The exclusion criteria
were as follows: taking statins or triglyceride-lowering
medications, previous history of myocardial infarc-
tion, coronary artery bypass grafting or PCI, acute
coronary syndrome, moderate to severe valvular heart
disease, congestive heart failure, cardiomyopathy, coro-
nary artery aneurysms, coronary spasm or dissection,
non-sinus rhythm, severe liver or renal failure, acute
or chronic infection, chronic obstructive pulmonary
disease, peripheral vascular disease, autoimmune dis-
ease, hematologic disorders, endocrinological disorders
(hyper- or hypothyroidism), malignancy, and anemia
(hemoglobin level <12 g/dL for women or<13 g/dL for
men) according to the World Health Organization cri-
teria) [11] (Fig. 1).

1.Taking statins or triglyceride-lowering medications
2.History of AMI, CABG,PCI or ACS.
3.Moderate to severe valvular heart disease.

We retrospectively enrolled 1625 patients with INOCA
in our center from February 2019 to February 2023.

4. Congestive heart failure,.
5.Cardiomyopathy.

6.Coronary artery aneurysms.
7.Coronary spasm or dissection.

8.Non-sinus rhythm.

_—i The exclusion criteria I—% 9.Severe liver or renal failure.

10.Acute or chronic infection.

phenomenon.

In total, 79 patients developed slow coronary flow

11.Chronic obstructive pulmonary disease
12.Peripheral vascular disease
13.Autoimmune disease.

14.Hematologic disorders.

15.Endocrinological disorders (hyper- or hypothyroidism).
16.Malignancy.
17.Anemia

control group (a 1:2 age-matched study).

158 patients with normal blood flow were assigned to the

SCFP group: 79
(Male n=5%5)

Control group: 158

(Male n=117)

Fig. 1 The study flowchart. INOCA, ischemia and nonobstructive coronary arteries; AMI, acute myocardial infarction; CABG, coronary artery bypass
grafting; ACS,acute coronary syndrome; SCFP, slow coronary flow phenomenon
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Laboratory measurements and definitions

The routine laboratory parameters, including fasting
glucose, creatinine, uric acid, total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-
C) were tested using fasting blood samples after a night
of fasting. All the plasma samples were assessed using an
auto-analyzer (Hitachi 747, Tokyo, Japan) at the central
laboratory in our hospital. Serum TC, TG, LDL-C, and
HDL-C levels were measured with the enzymatic colori-
metric method. The fasting glucose levels were measured
using the hexokinase/glucose-6-phosphate dehydroge-
nase method with the coefficient of variation using blind
quality control specimens <2.0%.The TyG-BMI index was
calculated as In [plasma triglyceride (mg/dL) X fasting
blood glucose (mg/dL) / 2] x BMI [5].

Coronary angiography

Coronary angiography was performed using the standard
Judkins technique with 30 frames per second (fps). The
preferred access of the procedure was the right radial
artery. The coronary blood flow was calculated using
TEC [2] by two interventional cardiologists [2]. The first
frame was defined as>70% lumen filling with an ante-
grade contrast agent, and the last frame was determined
as the antegrade contrast agent filling to a certain distal
landmark for different coronary arteries. The distal bifur-
cation (“whale’s tail”), distal bifurcation of the obtuse
marginal branch, and the first branch of the posterolat-
eral artery were used as the distal landmark for the left
anterior descending artery (LAD), left circumflex artery
(LCX), right coronary artery (RCA), respectively. The
TECs for the LAD divided by 1.7 yield the corrected
TFCs (cTFCs) [14]. The TFCs for normal epicardial coro-
nary arteries were 36.2+2.6 for the LAD (21.1+1.5 cTFC
for LAD), 22.2 +4.1 for the LCX, and 20.4 + 3 for the RCA
[14]. Any patients with higher TFCs than these threshold
values were considered SCFP.

Statistical analysis

The SPSS 22.0 was used for data analysis. Categorical var-
iables were expressed as rates or percentages, which were
compared using chi-square or the Fisher exact test. Shap-
iro—Wilk test was used for normality analysis in continu-
ous variables. The continuous variables were displayed
as the mean + standard deviation or median, as applica-
ble, which were compared using the one-way ANOVA
test or the Kruskal-Wallis test. The univariable regres-
sion analysis was used to assess the potential risk factors
associated with SCFP, and logistic regression analysis was
used to investigate the independent predictors of SCFP.
Receiver operating characteristic (ROC) curve analysis

Page 3 of 8

was generated to assess the predictive ability of the risk
factors for SCFP. A 2-sided P<0.05 was considered statis-
tically significant.

Results

Baseline and clinical characteristics

The demographic characteristics, cardiovascular disease
comorbidities, and medication history are displayed in
Table 1. There were no significant differences in the gen-
der distributions and the proportion of smokers between
the two groups (P>0.05). The heart rate, systolic blood
pressure, diastolic pressure, and medications were also
comparable between the two groups (P>0.05). How-
ever, the SCFP patients had a higher proportion of dys-
lipidemia, hypertension, and diabetes mellitus (P<0.05)
(Table 1).

Laboratory parameters of the two groups

The laboratory parameters are presented in Table 2. There
were no statistically significant differences in serum cre-
atinine, uric acid, and high-density lipoprotein choles-
terol levels between the SCFP patients and the controls.
However, the SCEP patients showed significantly higher
levels of fasting glucose (6.1+1.9 vs 5.4+1.8, P=0.005),
total cholesterol (4.4+1.2 vs 4.1+1.0, P=0.026),

Table 1 Baseline characteristics and medication of the two

groups
SCFP group (n=79) Control P value

group

(n=158)
Age, years 61.1£9.0 61.1£9.0 1
Male sex, n (%) 55(69.6) 117(74.1) 0.537
BMI 246+24 234+28 0.001
Heart rate 721+£112 726+10.8 0.752
Systolic blood pressure, 124.5+182 123.7+13.1 0691
mmHg
Diastolic pressure, nmHg 763+ 114 754+8.7 0.488
Current smoking, n (%) 20(25.3) 49(31.0) 0.448
Dyslipidemia, n (%) 29(36.7) 33(20.9) 0.012
Hypertension, n (%) 46(58.2) 64(40.5) 0.013
Diabetes mellitus, n (%) 23(29.1) 26(16.5) 0.028
hyperuricemia, n (%) 16(20.3) 25(15.8) 0467
ACEI/ARB/ARNI, n (%) 18(22.8) 32(20.3) 0.736
Beta-blocker, n (%) 15(19.0) 28(17.7) 0.859
Calcium canal blocker, 22(27.8) 31(19.6) 0.186
n (%)
Antiplatelet, n (%) 16(20.3) 34(21.5) 0.867
Statin, n (%) 23(29.1) 48(30.4) 0.881
Nitrates, n (%) 24(30.4) 40(25.3) 0.440

BMI body mass index, ACEl angiotensin-converting enzyme inhibitor, ARB
angiotensin Il receptor blocker, ARNI angiotensin receptor enkephalinase
inhibitor



Li et al. BMC Cardiovascular Disorders (2024) 24:60

Table 2 Laboratory parameters of the two groups

SCFP group (n=79) Control P value

group

(n=158)
Fasting glucose, mmol/l  6.1£1.9 54+18 0.005
Cr, mmol/I 73.0+253 739+226 0.767
Uric acid, umol/L 318.7+708 3055+80.1 0301
Total cholesterol, mmol/l 44+1.2 41410 0.026
Triglyceride, mmol/I 1.6+£0.5 14+06 0.015
HDL-C, mmol/I 1.0+03 11403 0.363
LDL-C, mmol/I 28+10 25+09 0.013
TyG-BMI 21831252 201.0+£265  <0.001

HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, TyG-BMI triglyceride glucose-body mass index

triglyceride (1.6+0.5 vs 1.4+0.6, P=0.015), low-density
lipoprotein cholesterol (2.8+0.0 vs 2.5+0.9, P=0.013),
and TyG-BMI index (218.3+25.2 vs 201.0+26.5,
P<0.001) compared to the controls (Table 2). Further-
more, our investigation revealed that the TyG-BMI index
increased with the number of coronary arteries involved
in SCEP (Fig. 2).

Angiographic characteristics of the two groups

The angiographic characteristics of patients with SCFP
are displayed in Table 3. The TFCs of the three coro-
nary arteries were significantly higher in SCFP patients
compared with the controls (P<0.001). In terms of
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the vessels involved in SCFP, the RCA (68.4%) was the
most frequently affected, followed by LAD (59.5%), and
LCX the last (58.2%). In patients with SCFP, a single
coronary artery affected (40.5%) was the most common
phenomenon, followed by two arteries (32.9%) and the
last three coronary arteries (26.6%) (Table 3).

Predictors of SCFP

Univariate analysis showed that SCFP was associated
with BMI, Dyslipidemia, hypertension, diabetes mel-
litus, fasting glucose, total cholesterol, triglyceride,
LDL-C, and TyG-BMI index/10 (P<0.05). Multivari-
ate logistic regression analysis revealed that BMI, tri-
glyceride, and TyG-BMI index/10 were independent
predictors for SCFP(Table 4). The ROC curve showed
that when BMI was more than 25.5, the sensitivity and
specificity were 64.1% and 81.6%, respectively, and the
area under the ROC curve (AUC) was 0.748 (95% CI:
0.648-0.811, P=0.033). When the TG level was more
than 1.4, the sensitivity and specificity were 77.2%
and 65.8%, respectively, and the AUC was 0.693 (95%
CI: 0.621-0.764, P<0.001). When the TyG-BMI index
level was more than 206.7, the sensitivity and specific-
ity were 88.6% and 68.5%, respectively, and the AUC
was 0.809 (95% CI: 0.756-0.863, P=0.027) (Table 5).
The combination of BMI and triglyceride, the TyG-BMI
index, showed a better predictive value for SCFP com-
pared to BMI and triglyceride alone (p < 0.001) (Fig. 3).

300

200+

TyG-BMI

100

0 T
1

T T
2 3

Number of vessels involved in SCFP
Fig. 2 Relationship between the number of vessels involved in SCFP and TyG-BMI. TyG-BM|, triglyceride glucose body mass index; SCFP, slow

coronary flow phenomenon
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Table 3 Angiographic characteristics of the two groups

SCFP group (n=79) Control group P value

(n=158)

TIMI frame count <0.001

LAD 263143 209+1.8

LCX 242+44 19.0+3.8

RCA 264+5.1 189+2.1

mean TFC 256+129 19.6+59
Distribution of SCFP

LAD, n (%) 47(59.5)

LCX, n (%) 46(58.2)

RCA, n (%) 54(68.4)
Numbers of vessels involved in SCFP

1,n (%) 32(40.5)

2,n (%) 26(32.9)

3,n (%) 21(26.6)

TIMI thrombolysis in myocardial infarction, LAD left anterior descending artery,
LCX left circumflex artery, RCA right coronary artery, TFC TIMI frame count, SCFP
slow coronary flow fhenomenon

Discussion

In this study, we observed that the TyG-BMI index was
significantly higher in SCFP patients compared to the
controls. Furthermore, multivariate logistic regres-
sion analysis revealed that the TyG-BMI index was an
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independent predictor of SCFP in INOCA patients.
Additionally, we found that the TyG-BMI index increased
with the number of coronary arteries involved in SCFP.
To our knowledge, this is the first study to investigate the
association between the TyG-BMI index and SCFP in
patients with INOCA.

SCFP had been suggested as a common angiographi-
cal finding in patients with INOAC. The prevalence of
SCFP varies from 1 to 7%. Similar to previous studies,
our study found that the incidence of SCFP was 4.8%.
We also discovered that from the aspect of the vessels
involved in the SCFP, the RCA was the most frequently
affected, then LAD and the last was LCX. In patients
with SCEP, a single coronary artery affected was the
most common phenomenon, followed by two arteries;
the last was three coronary arteries. A previous study
suggested that 80% of patients with SCFP experienced
recurrent angina attacks at rest. Moreover, 20% of the
SCEP patients were readmitted to emergency room or
coronary care unit [4]. SCFP may associated with tradi-
tional cardiovascular risk factors, such as hypertension,
diabetes mellitus, dyslipidemia, and hyperuricemia.
However, unfortunately, the literature has not consist-
ently demonstrated the risk factors of SCFP. This study
found that SCFP was related to BMI, hypertension, dia-
betes mellitus, and dyslipidemia. However, multivariate

Table 4 Univariate and multivariate logistic regression analysis for presence of SCFP

Univariate analysis

Multivariate analysis

OR 95% Cl P{E OR 95% Cl P{E
BMI 1.121 1.015-3.369 0.028 1.118 1.011-3.391 0.033
Dyslipidemia 1.320 1.012-5.321 0.025 1.335 0.892-6.124 0512
Hypertension 1.391 1.081-4.213 0.037 1.353 0.798-4.332 0429
Diabetes mellitus 1.521 1.069-3.528 0.027 1426 0.802-4.015 0.461
Fasting glucose 1.624 1.092-3.568 0.026 1.582 0.821-3.602 0.380
Total cholesterol 2.021 1.123-8.231 0.035 1.995 0.726-8.059 0.624
Triglyceride 2465 1.109-7.265 0.019 2424 1.117-8.021 0.030
LDL-C 1.925 1.039-5.321 0.029 1.902 0.914-5.394 0.295
TyG-BMI/10 1.526 1.017-8.022 0.024 1.582 1.064-8.204 0.019
BMI body mass index, LDL-C low-density lipoprotein cholesterol, TyG-BMI triglyceride glucose-body mass index
Table 5 ROC analysis of BMI, TG and TyG-BMI
AUC 95%ClI sensitivity specificity Positive LR+ Negative LR- Youden index
predictive predictive
values values
BMI 0.748 0.648-0.811 64.1% 81.6% 64.1% 4434 81.6% 0.225 0457
TG 0.693 0.621-0.764 77.2% 65.8% 77.2% 1.924 65.8% 0.520 0430
TyG-BMI 0.809 0.756-0.863 88.6% 68.5% 88.6% 2175 68.5% 0.460 0.544

BMI body mass index, LDL-C low-density lipoprotein cholesterol, TyG-BM! triglyceride glucose-body mass index
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Fig. 3 ROC curve showing the predicting value of risk factors for the presence of SCFP. BMI, body mass index; TG, triglyceride; TyG, triglyceride

glucose index; SCFP, slow coronary flow phenomenon

logistic regression analysis revealed that these tradi-
tional cardiovascular risk factors did not correlate with
SCFP. So we speculated that different from previous
classical cardiovascular diseases, SCFP may have a spe-
cific pathophysiology [15, 16], and therefore, investi-
gating the predictive factors of SCFP was important to
clinical practice.

The pathophysiology of SCFP remains unclear. How-
ever, more and more studies indicated that SCFP was
associated with insulin resistance [12], subclinical athero-
sclerosis [13] and endothelial dysfunction [4] and chronic
inflammation [11, 17]. Ozcan T et al. discovered an asso-
ciation between TFCs and increased insulin resistance, as
assessed using the homeostasis model assessment index.
They also proposed that insulin resistance may play a role
in the development of SCFP [12]. Camsari et al. discov-
ered diffuse intimal thickening of coronary arteries in
SCEFP [18]. Another study revealed that carotid intima-
media thickness was closely correlated with TFC in SCFP
patients [19]. Wang Y et al. discovered that as a reliable
biomarker of endothelial function, plasma thrombomod-
ulin levels were significantly higher in SCFP patients than
in the controls and were also associated with TFCs in
the individuals included [4]. Dai XT discovered that as
a novel indicator of chronic inflammation, the systemic
immune-inflammation index was associated with SCFP
and was an independent predictor for SCFP [11].

TyG index has been suggested as a reliable surrogate
biomarker for insulin resistance [5]. Insulin resistance
has been suggested as a risk factor for both the progress
of type 2 diabetes mellitus and cardiovascular diseases
[20, 21]. A higher TyG index was associated with poor
outcomes in acute coronary syndrome undergoing PCI
[22], the severity of coronary artery disease [23], atrial
fibrillation [24], and repeat revascularization and in-stent
restenosis in patients with chronic coronary syndrome
undergoing PCI [25]. Moreover, an elevated level of TyG
index was an independent predictor for increased arterial
stiffness [26], increased odds of atherosclerosis in coro-
nary arteries [27], and increased carotid atherosclerosis
[28]. Yuksel Y et al. suggested that the TyG index was an
independent predictor for SCFP [29]. Insulin resistance
may also decrease the release of nitric oxide and increase
the overproduction of reactive oxidative stress, which
could damage endothelial function [30]. Furthermore,
insulin resistance may lead to an increased release of tis-
sue factors, which is associated with inflammation [31].
Moreover, a higher BMI indicates obesity, insulin resist-
ance [32], and inflammation [8]. Therefore, the TyG-BMI
index, consisting of three classic cardiovascular disease
risk markers, lipid-related, glucose-related, and obesity-
related factors, has been suggested to be a reliable predic-
tor of insulin resistance [32]. The TyG-BMI index has also
been suggested to be closely associated with traditional
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cardiovascular risk factors, including hypertension and
diabetes [32]. Since SCFP was closely related to insulin
resistance [11], subclinical atherosclerosis [13], endothe-
lial dysfunction [4], and BMI [33], we speculated that
the TyG-BMI index could play a role in the pathophysi-
ology of SCFP. Combined with the TyG index and BMI,
the TyG-BMI index may have a better predictive value
for SCFP. We discovered that patients with SCFP had a
higher level of TyG-BMI index, and the TyG-BMI index
increased as the number of coronary arteries involved
in the SCFP. Multivariate logistic regression analysis
revealed that the TyG-BMI index was an independent
predictor for SCFP. We speculated that the mechanisms
associating TyG-BMI with SCFP are as follows: (1) insulin
resistance plays the main mechanism; (2) oxidative stress,
chronic inflammatory reaction, and endothelial dysfunc-
tion; and (3) coronary or systemic atherosclerosis relating
to various risk factors and endothelial dysfunction.

SCEP is quite a complex phenomenon with many fac-
tors unclear, including the risk factors, the pathophysiol-
ogy, and the prognosis. TyG-BMI index consists of three
clinical factors, including lipid-related, glucose-related,
and obesity-related factors, and better reflects insulin
resistance, endothelial dysfunction, oxidative stress sta-
tus, and coronary atherosclerosis. We conclude that the
TyG-BMI index could improve the predictive value of
SCFP compared with BMI or TyG alone. The TyG-BMI
index was easily acquired and may be a promising param-
eter for predicting SCFP in INOCA.

Limitations

However, this study also had some limitations. First,
this was a single-center study with a small sample size.
Secondly, since the risk factors of SCFP remain unclear,
despite our efforts to include additional factors, there
may still be some residual covariates that could poten-
tially affect the predictive value of the TyG-BMI index.
Thirdly, the individuals included represented a specific
population, which could not extend to other clinical
circumstances, such as acute coronary syndrome with
INOCA. Finally, large-scale, multicenter studies are
needed to verify our conclusion.

Future directions

In clinical practice, the TyG-BMI index could be used as
an indicator for the prediction of SCFP. The TyG-BMI
index could be a promising treatment target from the
therapeutic perspective. So, we speculate that weight
loss, statin, and aggressive blood glucose-lowering strat-
egies could be promising and appropriate treatments
for patients with SCFP. However, large, multicenter ran-
domized controlled trials are needed to confirm these
speculations.
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Conclusion

TyG-BMI index was an independent predictor for SCFP
in patients with INOCA. The TyG-BMI index could sig-
nificantly improve the predictive value of SCFP com-
pared to BMI and TyG alone.
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RCA Right coronary artery
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