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Abstract

Introduction: Coronary slow flow (CSF) is increasingly interpreted as a functional abnormality of the coronary microcir-
culation and has been associated with metabolic imbalance and unfavorable cardiovascular profiles. Recently proposed
metabolic markers, including the atherogenic index of plasma (AIP) and the triglyceride—glucose (TyG) index, have attracted
attention as easily applicable indicators that reflect atherogenic lipid burden and insulin resistance. Nevertheless, evidence
comparing the relationship between these indices and CSF remains scarce.

Methods: In this retrospective analysis, 132 patients diagnosed with CSF by coronary angiography and 175 individuals
with normal coronary flow were evaluated. CSF was identified using corrected thrombolysis in myocardial infarction (TIMI)
frame count measurements. AIP, TyG, and modified TyG (Mod-TyG) indices were derived from fasting biochemical data.
Associations with CSF were examined using correlation analysis, receiver operating characteristic (ROC) curve analysis, and
multivariable logistic regression models.

Results: Patients with CSF demonstrated significantly higher AIP and TyG values, whereas Mod-TyG did not differ between
the groups. AIP demonstrated the most robust correlation with corrected TIMI frame count values, particularly concerning
the left anterior descending artery. ROC analysis revealed a better discriminative ability for AIP than TyG (AUC 0.685 vs. 0.634),
whereas Mod-TyG was non-discriminatory. In the multivariate analysis, AIP and TyG remained independent predictors of CSF,
along with smoking and hypertension.

Discussion and Conclusion: Lipid-driven atherogenic burden appears to play an important role in CSF. Among the evalu-
ated indices, AIP demonstrated the strongest discriminative performance and the closest association with flow delay, sup-
porting its potential clinical utility in CSF assessment.

Keywords: Atherogenic index of plasma; coronary slow flow; thrombolysis in myocardial infarction frame count; triglyc-
eride—glucose index.

Coronary slow flow (CSF) describes a delayed passage
of contrast through the coronary arteries observed
during angiography, despite the absence of significant
epicardial luminal narrowing (<50%). The extent of this
flow disturbance can be objectively assessed by the
corrected thrombolysis in myocardial infarction (TIMI)

frame count, which provides a quantitative estimate
of coronary flow velocity ['-31. Most commonly, CSF is
recognized in patients referred for coronary angiography
because of chest pain, suggesting that it reflects clinically
relevant disturbances in coronary flow regulation rather
than a purely incidental angiographic observation [24],
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Although epidemiological data remain limited, CSF has
been reported in only a small proportion of individuals
undergoing coronary angiography 6],

CSF has frequently been reported in association with
atherogenic dyslipidemia - particularly low high-
density lipoprotein cholesterol (HDL-C) and elevated
triglyceride levels - as well as markers of inflammation and
oxidative stress 791, Within the framework of coronary
microvascular dysfunction, CSF is increasingly interpreted
as an angiographic correlate of impaired microvascular
regulation; invasive functional angiography further
supports increased resting microvascular resistance and
reduced resting flow velocity in these patients [10.11],

In recent years, composite metabolic indices have gained
traction as efficient markers of atherogenic risk and
insulin resistance. Accumulating clinical data indicate that
higher levels of the atherogenic index of plasma (AIP) are
linked to an unfavorable cardiometabolic profile and an
increased likelihood of coronary artery disease and adverse
cardiovascular events, particularly among metabolically
high-risk populations ['213], The triglyceride-glucose (TyG)
index, another commonly applied metabolic marker, is
calculated using fasting triglyceride and glucose levels and
reflects insulin resistance and overall metabolic burden.
Elevated TyG values have been linked to the presence and
severity of coronary artery disease as well as to increased
cardiovascular risk across diverse clinical settings [14-16,
Although some studies have examined the AIP or TyG in
relation to CSF, comparative data evaluating both indices
within the same patient population are limited and
heterogeneous ['7:18], Accordingly, this study was designed
to evaluate and compare these indices in patients with
angiographically confirmed CSF.

Materials and Methods

Study Population

This retrospective analysis was conducted at Gazi Hospital
and enrolled patients who underwent diagnostic coronary
angiography between February 2020 and January 2024. CSF
was identified through quantitative coronary angiographic
evaluation using the TIMI frame count (TFC) method. Patients
were excluded if they had obstructive coronary artery disease
(defined as luminal narrowing exceeding 50%), a previous
myocardial infarction, significant valvular pathology,
cardiomyopathy, chronic inflammatory or autoimmune
conditions, an active infection, a known malignancy, clinically
relevant renal or hepatic impairment, or insufficient clinical
or laboratory data. A total of 307 patients were included in
the study, comprising 132 patients diagnosed with CSF and
175 individuals with normal coronary flow.

Definition and Diagnostic Criteria of CSF

CSF was assessed by means of quantitative coronary
angiography employing the corrected TFC approach.
This technique quantifies coronary flow by calculating
the number of cine frames required for contrast material
to reach predefined distal reference points within each
coronary artery. Given its longer anatomical trajectory,
frame counts obtained for the left anterior descending
(LAD) artery were adjusted by a correction factor of 1.7.
CSF was diagnosed when corrected TFC values exceeded
accepted reference limits, defined as >36 frames for the
LAD artery, >22 frames for the left circumflex artery (LCX),
and >20 frames for the right coronary artery (RCA).

TFCs were measured independently by two experienced
interventional cardiologists who were blinded to the
clinical and laboratory data. In cases of discrepancy, a
consensus was reached.

Clinical and Laboratory Data Collection

Demographic variables, cardiovascular risk profiles,
and relevant clinical background information were
obtained from institutional electronic health databases.
Hypertension, diabetes, hyperlipidemia, and smoking were
defined according to the current clinical guidelines. Fasting
venous blood samples were collected after an overnight
fasting period for biochemical analysis. Laboratory
assessments included measurements of fasting plasma
glucose, serum lipid parameters, creatinine, albumin,
hemoglobin, and C-reactive protein.

Calculation of Atherogenic and Metabolic Indices

AIP was expressed as logy, (triglycerides/HDL-C), whereas
TyG was defined as In ([triglyceridesxglucose]/2) using
fasting measurements with values recorded in mg/dL. A
modified version of the TyG index (m-TyG) was calculated
by multiplying the TyG value by the body mass index (BMI),
providing an integrated measure of insulin resistance and
adiposity: Mod-TyG=TyGxBMI (kg/m?).

Statistical Analysis

Continuous variables were assessed for normality using the
Shapiro-Wilk test and were presented as meanzstandard
deviation when approximately normally distributed, or as
median (interquartile range) otherwise. Between-group
comparisons were performed using the independent-
samples t-test (Welch’s correction when appropriate) for
normally distributed variables and the Mann-Whitney U
test for non-normally distributed variables. Categorical
variables are presented as counts (percentages) and
compared using the Chi-square test or Fisher’s exact test,
as appropriate. Associations between atherogenic indices
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Table 1. Baseline characteristics of patients with coronary slow flow (CSF) versus normal coronary flow

Variable CSF (n=132) Normal flow (n=175) P

Age (years) 56.96+11.16 60.42+10.53 0.006
Male sex (%) 86 (65.2) 83 (47.4) 0.002
BMI (kg/m?) 29.38 (26.16-32.92) 30.52 (27.26-35.06) 0.029
Current smoking (%) 92 (69.7) 80 (45.7) <0.001
Diabetes mellitus (%) 30(22.7) 57 (32.6) 0.058
Hypertension (%) 83(62.9) 100 (57.1) 0.311
Hyperlipidemia (%) 56 (42.4) 63 (36.0) 0.253
Fasting glucose (mg/dL) 107.50 (97.00-126.00) 99.00 (90.00-118.50) 0.007
HbA1c (%) 5.70 (5.40-6.33) 5.60 (5.20-6.15) 0.053
Creatinine (mg/dL) 0.82 (0.69-0.94) 0.72 (0.62-0.86) <0.001
eGFR (mL/min/1.73 m?) 94.00 (82.50-103.00) 95.00 (81.00-105.00) 0.623
LDL-C (mg/dL) 125.50 (95.25-150.00) 127.00 (100.00-150.50) 0.711
HDL-C (mg/dL) 44.50 (38.00-51.25) 54.00 (46.00-59.00) <0.001
Triglycerides (mg/dL) 144.50 (105.00-204.25) 118.00 (88.00-159.00) <0.001
CRP (mg/L) 0.34(0.19-0.52) 0.32(0.21-0.57) 0.681
Albumin (g/dL) 4.34 (4.09-4.52) 4.20 (3.80-4.40) <0.001

BMI: Body mass index; CRP: C-reactive protein; CSF: Coronary slow flow; eGFR: Estimated glomerular filtration rate; HbA1c: Hemoglobin A1c; HDL-C: High-density

lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

Table 2. Angiographic TIMI frame counts and derived atherogenic indices

Variable CSF (n=132) Normal flow (n=175) P

LADTFC 35.00 (26.00-38.00) 22.00 (20.00-22.00) <0.001
LCXTFC 24.00 (22.00-33.00) 19.00 (18.00-21.00) <0.001
RCATFC 32.00 (23.00-35.00) 21.00 (19.00-23.00) <0.001
Mean TFC 29.00 (26.92-32.08) 20.67 (19.50-21.67) <0.001
AlP 0.55(0.33-0.71) 0.37(0.21-0.50) <0.001
TyG 9.03 (8.66-9.41) 8.73 (8.38-9.15) <0.001
Mod-TyG 268.88 (230.32-301.77) 264.33 (235.75-313.58) 0.559

AlP: Atherogenic index of plasma; BMI: Body mass index; CSF: Coronary slow flow; HDL-C: High-density lipoprotein cholesterol; LAD: Left anterior descending artery;
LCX: Left circumflex artery; Mod-TyG: Modified triglyceride-glucose index; RCA: Right coronary artery; TFC: TIMI frame count; TIMI: Thrombolysis in myocardial infarc-

tion; TyG: Triglyceride—glucose index.

(AIP, TyG, and Mod-TyG) and angiographic flow parameters
(TFCs) were evaluated using Spearman’s rank correlation.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate discrimination for CSF, and
optimal thresholds were determined by the Youden index
(Youden=sensitivity+specificity—1). Multivariable logistic
regression was used to identify independent associations
with CSF and is reported as adjusted odds ratios with 95%
confidence intervals (Cls). Because AIP, TyG, and Mod-TyG
are mathematically related composite indices derived
from overlapping metabolic variables, they were not
entered simultaneously into the same multivariable model.
Instead, separate multivariable models were constructed
to minimize collinearity and avoid overinterpretation of
correlated predictors. Given the exploratory nature of the

vessel-specific correlation analyses, no formal adjustment
for multiple comparisons was applied, and these findings
were interpreted cautiously. Model performance was
summarized using the area under the ROC curve (AUC)
and Brier score; incremental discrimination was assessed
by bootstrap testing of AUC differences (2000 resamples).
A two-sided p<0.05 was considered statistically significant.
Analyses were performed in IBM Statistical Package for the
Social Sciences Statistics 21 and independently verified in
Python (statsmodels and scikit-learn).

Institutional Review Board Statement

The study protocol was reviewed and approved by the Non-
interventional Clinical Research Ethics Committee of Izmir
Bakircay University in accordance with the Declaration of
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Table 3. Spearman correlations between atherogenic indices and TIMI frame counts

249

Index LADTFC, p (p) LCXTFC, p (p) RCATFC, p (p) Mean TFC, p (p)
AIP 0.296 (<0.001) 0.183 (0.001) 0.141 (0.013) 0.265 (<0.001)
TyG 0.212 (<0.001) 0.117 (0.040) 0.088 (0.124) 0.175 (0.002)
Mod-TyG 0.006 (0.914) 0.023 (0.684) -0.080 (0.162) -0.021 (0.715)

AIP: Atherogenic index of plasma; LAD: Left anterior descending artery; LCX: Left circumflex artery; RCA: Right coronary artery; TFC: TIMI frame count; TIMI: Thromboly-
sis in myocardial infarction; TyG: Triglyceride—glucose index.

Table 4. Multivariable logistic regression models for coronary slow flow (side-by-side presentation) and model performance

Predictor AIP model: OR (95% CI) AIP model: p TyG model: OR (95% CI) TyG model: p
AIP 22.17 (6.64-74.00) <0.001 nan nan
Age (years) 0.98 (0.95-1.01) 0.260 0.98 (0.95-1.01) 0.146
BMI (kg/m?) 0.93 (0.88-0.98) 0.006 0.92 (0.87-0.97) 0.002
Creatinine (mg/dL) 8.96 (2.13-37.77) 0.003 10.15 (2.39-43.11) 0.002
Current smoking 2.66 (1.40-5.08) 0.003 2.55(1.34-4.83) 0.004
Diabetes mellitus 0.58 (0.31-1.08) 0.085 0.35(0.17-0.71) 0.004
Hypertension 2.11(1.18-3.76) 0.012 1.83(1.03-3.26) 0.040
Male sex 0.71(0.37-1.34) 0.289 0.74 (0.39-1.40) 0.359
TyG index nan nan 3.63(2.14-6.18) <0.001
Model AUC Brier score AAUC p (vs. Clinical)

Clinical 0.717 0.210 -

Clinical + AIP 0.777 0.189 0.005

Clinical + TyG 0.778 0.192 <0.001

AIP: Atherogenic index of plasma; AUC: Area under the curve; BMI: Body mass index; Cl: Confidence interval; CSF: Coronary slow flow; OR: Odds ratio; TyG: Triglyceride—

glucose index.

Helsinki (Decision No. 2715, Approval Date: January 09,
2026). Patient consent was waived due to the retrospective
nature of this study and the anonymization of patient data.

Results

A total of 307 patients were included (CSF: n=132;
normal coronary flow: n=175). Baseline characteristics
are presented in Table 1. Patients with CSF were younger
and more frequently male and current smokers. The CSF
group also showed higher fasting glucose and triglyceride
levels and lower HDL-C. Angiographic flow parameters
and derived indices are summarized in Table 2; vessel-
specific and mean TFCs were substantially higher in CSF
(all p<0.001). AIP and TyG were higher in CSF, whereas
Mod-TyG showed no meaningful separation. Spearman
correlation analyses (Table 3) showed positive correlations
between AIP and LAD, LCX, RCA, and mean TFC, and weaker
positive correlations between TyG and LAD/LCX/mean
TFC; Mod-TyG was not correlated with TFC measures. ROC
curves are shown in Figure 1. AIP demonstrated moderate
discrimination for CSF (AUC=0.685, 95% Cl 0.624-0.747),
and TyG demonstrated modest discrimination (AUC=0.634,
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Figure 1. Receiver operating characteristic curves of the atherogenic
index of plasma (AIP), triglyceride—-glucose index (TyG), and modi-
fied TyG (Mod-TyG) for the identification of coronary slow flow. AIP
demonstrated superior discriminative performance compared with
TyG, whereas Mod-TyG showed poor discriminative performance.
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95% C10.572-0.696), whereas Mod-TyG did not discriminate
CSF (AUC=0.480, 95% Cl 0.415-0.546). Using the Youden
index, the optimal cutoff for AIP was =0.5199 (sensitivity
53.8%, specificity 79.4%, and Youden 0.332). For TyG, the
optimal cutoff was =8.6141 (sensitivity 78.0%, specificity
44.0%, and Youden 0.220). For Mod-TyG, the maximal
Youden index was low (0.016) at a cutoff >=280.5327
(sensitivity 43.9%, specificity 57.7%), consistent with poor
overall discrimination. Multivariable logistic regression
results are reported in Table 4. In the model including
AIP, AIP remained an independent predictor of CSF after
adjustment for clinical covariates. In the model including
TyG, TyG was independently associated with CSF. Model
discrimination improved when adding AIP or TyG to the
clinical model (Table 4; model performance).

Discussion

The present study demonstrated that lipid-derived and
metabolic atherogenicindices were significantly associated
with CSF. In our cohort, AIP showed the strongest
association with CSF and was consistently correlated with
corrected TFCs in all major coronary arteries. The TyG index
was also significantly related to CSF presence, although
its discriminative performance was inferior to that of
AIP. In contrast, the Mod-TyG index did not demonstrate
meaningful discriminative performance in this cohort.
Notably, the associations of both AIP and TyG with corrected
TFCs were more pronounced in the LAD compared with the
LCX and RCA, suggesting a territory-specific vulnerability
of the LAD to microvascular and metabolic disturbances.

CSF is most commonly recognized during angiographic
evaluation of chest pain in patients without significant
epicardial coronary artery obstruction; however, it has also
been linked to ischemia-related presentations, including
acute coronary syndrome-like episodes and, in selected
reports, ventricular arrhythmias, suggesting that CSF may
carry clinically meaningful consequences rather than
representing a benign angiographic variant 219, From a
clinical perspective, AIP may serve as a simple and readily
available adjunctive marker to identify patients who are
more likely to exhibit impaired coronary flow in the absence
of obstructive epicardial disease, particularly among
patients presenting with chest pain without obstructive
epicardial disease. Viewed within the spectrum of coronary
microvascular dysfunction, CSF appears to reflect impaired
microvascularregulation; moreover, metabolicdysregulation
and inflammatory activation have been repeatedly reported
in this setting, providing a plausible mechanistic link to
endothelial dysfunction and heightened microvascular
resistance 420211 These alterations may contribute to the
delayed coronary contrast progression characteristic of CSF.

Large observational analyses and meta-analyses have
indicated that elevated AIP is independently linked to
obstructive coronary artery disease, acute coronary
syndromes, and adverse cardiovascular outcomes, including
major adverse cardiovascular events, particularly in
hypertensive and high-risk populations 22-24, Moreover,
studies evaluating coronary microvascular dysfunction have
shown that higher AIP and TyG index levels are significantly
linked to impaired coronary microcirculatory function and
increased disease severity 251, Collectively, these findings
reinforce the concept that atherogenic dyslipidemia and
metabolic imbalance contribute substantially to coronary
vascular dysfunction and provide a strong biological rationale
for investigating lipid-derived indices in CSF. Beyond CSF,
elevated AIP has been consistently associated with adverse
cardiovascular phenotypes, including impaired coronary
microvascular perfusion, such as the no-reflow phenomenon
after primary PCl and an increased long-term risk of heart
failure, underscoring its role as a marker of systemic lipid-
driven atherogenic burden ['2:26], As an established indicator
of insulin resistance, the TyG index has also been implicated in
microvascular involvement across a range of cardiovascular
conditions. Priorinvestigations have demonstrated that TyGis
associated with coronary flow abnormalities across different
clinical settings, including CSF in patients without obstructive
lesions and no-reflow phenomena in ST-segment elevation
myocardial infarction, suggesting a potential contribution
of metabolic dysregulation to impaired coronary perfusion
[27.28] |n a recent systematic review and meta-analysis,
elevated TyG levels were independently linked to a higher risk
of heart failure and adverse cardiovascular outcomes across
diverse populations, further reinforcing their prognostic
relevance 291, Taken together, these studies demonstrate
the clinical relevance of AIP and TyG as metabolic indices
linked to cardiovascular risk factors. Despite their theoretical
advantage in capturing the combined metabolic and
anthropometric burden, evidence linking Mod-TyG indices
to CSF is limited, and no significant association was observed
in our cohort.

In the multivariable analysis, creatinine and BMI were also
independently associated with CSF. Renal dysfunction has
been linked to endothelial dysfunction and microvascular
impairment, which may contribute to delayed coronary
flow. Similarly, increased BMI reflects adiposity-related
inflammatory and metabolic alterations that may adversely
affect coronary microcirculation.

Overall, our findings indicate that CSF is largely driven
by a lipid-related atherogenic burden, which appears
to play a pivotal role in its underlying pathophysiology.
The superior performance of AIP compared with TyG and
Mod-TyG indicates that indices reflecting qualitative lipid
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abnormalities may be more informative than composite
metabolic—anthropometric markers in identifying coronary
microvascular dysfunction.

Although AIP demonstrated the highest AUC among
the evaluated indices, its discriminative performance
remained in the moderate range. Therefore, these indices
should not be interpreted as standalone diagnostic tools
but rather as supportive markers that may contribute
to risk stratification in patients with suspected CSF.
Future prospective studies incorporating functional
microvascular assessments and longitudinal clinical
outcomes are warranted to further clarify the prognostic
implications of lipid-derived indices and their potential
role in guiding risk stratification in CSF.

Limitations

This study had some limitations. First, it was conducted
retrospectively at a single center, which may restrict the
generalizability of theresults. CSF assessmentwasbased onthe
TFC rather than direct invasive microvascular measurements.
In addition, unmeasured metabolic and clinical confounders
may have influenced these associations. Finally, the cross-
sectional design did not allow for determining causality.

Conclusion

AIP and TyG were significantly associated with CSF, whereas
Mod-TyG showed limited discriminative ability. Among
these indices, AIP demonstrated a comparatively superior
discriminatory performance. These findings support a
link between lipid-related atherogenic burden and CSF;
however, further prospective, multicenter studies are
needed to confirm these observations and to clarify their
potential clinical significance.
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