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Background: The coronary slow flow phenomenon (CSFP) is delayed contrast progression through the epicardial coronary arteries in
the absence of significant stenosis. The stress hyperglycemia ratio (SHR) normalizes admission glucose to the estimated average
glucose derived from HbA lc, separating acute glycemic excursion from chronic hyperglycemia. Whether the SHR is independently
associated with CSFP in patients with type 2 diabetes mellitus (T2DM) is not known.

Methods: This retrospective case-control study enrolled 235 consecutive patients with T2DM who underwent coronary angiography
between January 2022 and January 2025. Patients with epicardial stenosis exceeding 40% in any vessel, prior revascularization, or
acute coronary syndrome within 30 days were excluded. Among the remaining patients, those with a corrected TIMI frame count
(CTFC) above 27 in any epicardial vessel were classified as CSFP (n=112) and the rest as normal coronary flow (NCF) (n=123). The
SHR was calculated as admission blood glucose (mmol/L) divided by (1.59 x HbA1c% — 2.59).

Results: The SHR was higher in the CSFP group than in the NCF group (1.42 + 0.31 vs. 1.08 &+ 0.24, p<0.001). After multivariate
adjustment, it remained independently associated with CSFP (odds ratio [OR] 2.84, 95% confidence interval [CI] 1.92—4.21, p<0.001).
On receiver operating characteristic analysis the area under the curve (AUC) was 0.819 (95% CI 0.760-0.876); a cutoff of 1.21 gave
78.6% sensitivity and 74.0% specificity. The SHR correlated with mean CTFC (r=0.621, p<0.001) and outperformed admission
glucose alone (AUC 0.724, p=0.003).

Conclusion: In this cohort, the SHR was independently associated with CSFP and discriminated it better than admission glucose
alone. Because it is calculated from two values routinely available at catheterization, admission glucose and HbAlc, the SHR is
a practical candidate marker that warrants prospective validation for risk stratification in patients with T2DM undergoing coronary
evaluation.

Keywords: coronary slow flow phenomenon, stress hyperglycemia ratio, type 2 diabetes mellitus, corrected TIMI frame count,
coronary microvascular dysfunction

Introduction
The coronary slow flow phenomenon (CSFP) was first described by Tambe et al in 1972 as delayed angiographic contrast
progression through epicardial coronary arteries despite the absence of significant stenosis." Among patients undergoing
coronary angiography, its reported incidence ranges from 1% to 7%, and it can present as stable angina or, less
commonly, as acute coronary syndrome.’” Despite decades of investigation, the pathophysiology of CSFP remains
incompletely understood. Proposed mechanisms include microvascular dysfunction, endothelial injury, subclinical
atherosclerosis, and inflammatory activation.*

Stress hyperglycemia — a transient rise in blood glucose during physiologic stress or acute illness — is a well-
recognized predictor of adverse cardiovascular outcomes.® In patients with established diabetes mellitus, distinguishing
stress-induced from chronic hyperglycemia is not straightforward using glucose alone. The SHR addresses this limitation

by normalizing admission glucose to estimated average glucose derived from HbA 1c, thereby quantifying the magnitude
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of acute glycemic excursion above an individual’s own chronic baseline.” SHR has since been associated with increased
mortality and major adverse cardiovascular events in myocardial infarction, heart failure, and critical illness.® '°

Glucose metabolism and coronary microvascular function are closely linked. Acute hyperglycemia impairs endothe-
lial function via oxidative stress, reduced nitric oxide bioavailability, protein kinase C activation, and a prothrombotic
milieu,'""'* mechanisms plausibly underlying the disordered microvascular flow seen in CSFP. Despite this, the specific
association between stress hyperglycemia and CSFP — particularly in a population where chronic hyperglycemia is
ubiquitous — has not been examined.

In T2DM patients, where HbAlc reflects years of cumulative glycemic burden, the SHR uniquely captures the
additional acute metabolic stress superimposed on this background. We hypothesized that the SHR, precisely because it
accounts for chronic glycemic status, would be more informative than admission glucose alone in identifying T2DM
patients with CSFP. This study aimed to evaluate the association between SHR and CSFP and to assess the discrimi-

natory performance of SHR for identifying CSFP in patients with T2DM.

Materials and Methods
Study Design and Population

This retrospective case-control study was conducted at a single tertiary cardiac center between January 2022 and
January 2025. The study complied with the Declaration of Helsinki and was approved by the Ethics Committee of
Adana City Training and Research Hospital, Adana, Tiirkiye (approval no: 2025-15/616). Informed consent was
waived given the retrospective design. Of 1,847 consecutive T2DM patients who underwent diagnostic coronary
angiography, 235 met inclusion criteria and were enrolled. T2DM was defined per American Diabetes Association
standards: fasting plasma glucose >126 mg/dL (>7.0 mmol/L), HbAlc >6.5%, or established diagnosis with
ongoing antidiabetic treatment.'> Significant epicardial stenosis was defined as a reduction in luminal diameter
greater than 40% in any major coronary artery, following the adapted diagnostic criteria for CSFP.'*

Inclusion criteria were: (1) confirmed T2DM with disease duration >6 months; (2) diagnostic coronary angio-
graphy with adequate image quality for CTFC assessment; (3) admission blood glucose and HbAlc available within
24 hours of angiography; and (4) complete clinical and laboratory data. We screened 1,847 patients, of whom 235
met all inclusion criteria and 1,612 were excluded (Figure 1). Each patient was assigned to a single exclusion
category, as follows: significant coronary stenosis (>40% luminal diameter reduction; n=527), acute coronary
syndrome within the preceding 30 days (n=324), missing admission glucose or HbAlc (n=96), prior coronary
intervention or bypass surgery (n=156), left ventricular ejection fraction below 40% (n=87), severe chronic kidney
disease with eGFR below 30 mL/min/1.73 m? (n=72), coronary ectasia or aneurysm (n=238), severe valvular heart
disease (n=38), active infection or malignancy (n=29), medications known to affect coronary flow (n=18), inade-
quate angiographic image quality for CTFC measurement (n=15), and diabetes duration shorter than 6
months (n=12).

Coronary Angiography and TIMI Frame Count

All procedures used standard radial or femoral access with acquisition at 30 frames per second. Two experienced
interventional cardiologists, blinded to clinical data and SHR values, independently reviewed all angiograms. In cases of
discrepancy between the two blinded reviewers, a consensus review was performed to establish the final CTFC
measurement. CTFC was calculated according to Gibson et al'> Standard distal landmarks were: left anterior descending
artery (LAD), distal bifurcation (“pitchfork™); left circumflex (LCX), distal bifurcation of the longest obtuse marginal
branch; right coronary artery (RCA), first posterolateral branch. The LAD frame count was divided by 1.7 to correct for
vessel length. Mean CTFC was averaged across all three vessels. In patients without significant epicardial stenosis, CSFP
was defined as a CTFC >27 frames in at least one epicardial artery, following the adapted criteria of Beltrame.'
Interobserver agreement for CTFC was excellent in a 50-angiogram sample (intraclass correlation coefficient = 0.92,
95% confidence interval [CI]: 0.87-0.95).
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Patients with T2DM screened
n=1847
Consecutive patients who underwent coronary angiography
January 2022 — January 2025

v

Excluded (n = 1,612):
« Significant coronary stenosis (>40% diameter stenosis): n = 527
« Acute coronary syndrome within 30 days: n = 324
« Missing laboratory data (glucose/HbAlc): n = 96
« Previous coronary intervention or CABG: n = 156
« Left ventricular ejection fraction <40%: n = 87
« Severe chronic kidney disease (eGFR <30): n = 72
« Coronary ectasia or aneurysm: n = 238
« Severe valvular heart disease: n = 38
« Active infection or malignancy: n = 29
« Medications affecting coronary flow: n = 18
« Inadequate angiographic image quality: n = 15

¢ T2DM duration <6 months: n = 12

v

Final Study Population
n =235
Patients meeting all inclusion criteria

v

CTFC Assessment & Group Classification
Based on corrected TIMI frame count (CTFC)
CSFP defined as CTFC >27 frames in 21 vessel

v J;- v
CSFP Group NCF Group
n=112 (47.7%) n=123 (52.3%)
Coronary Slow Flow Phenomenon Normal Coronary Flow
Mean CTFC: 36.1+6.9 Mean CTFC: 20.9+2.8

Figure | Patient selection. Of 1,847 consecutive patients with type 2 diabetes mellitus (T2DM) who underwent coronary angiography, 1,612 were excluded and 235 met
the inclusion criteria. The final cohort comprised |12 patients with coronary slow flow phenomenon (CSFP) and 123 with normal coronary flow (NCF). The exclusion
criteria and the number excluded under each are shown in the diagram.

Abbreviations: CSFP, coronary slow flow phenomenon; CTFC, corrected TIMI frame count; eGFR, estimated glomerular filtration rate; NCF, normal coronary flow;
T2DM, type 2 diabetes mellitus.

Laboratory Measurements
Venous blood samples were collected after a minimum eight-hour overnight fast. Admission glucose was measured
within one hour of arrival using the hexokinase method. HbAlc was determined by high-performance liquid
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chromatography (National Glycohemoglobin Standardization Program-certified). Additional parameters — complete
blood count, lipid profile, renal function tests, and high-sensitivity C-reactive protein (hs-CRP) — were measured
using standard laboratory methods.

Calculation of the Stress Hyperglycemia Ratio

SHR was calculated using the validated formula: SHR = admission blood glucose (mmol/L)/(1.59 x HbA1c% — 2.59), as
originally described and validated in cardiovascular populations.” An SHR >1.0 indicates acute hyperglycemia above
expected chronic levels.

Statistical Analysis

Analyses were conducted using SPSS version 29.0 (IBM Corp., Armonk, NY, USA). Sample size was calculated to detect
a 0.3 difference in mean SHR between groups (80% power, oo = 0.05), requiring a minimum of 90 patients per group.
Continuous variables are expressed as means + standard deviations or medians (interquartile ranges) after normality
assessment by the Shapiro—Wilk test. Categorical variables are reported as frequencies and percentages. Between-group
comparisons used the independent ¢ test or Mann—Whitney U-test for continuous variables and the chi-square or Fisher’s
exact test for categorical variables. Pearson or Spearman coefficients assessed SHR—CTFC correlations.

Univariate and multivariate logistic regression identified factors independently associated with CSFP. Variables with
p<0.10 in univariate analysis were entered into the multivariate model. Collinearity was assessed by variance inflation
factors (all <5.0). ROC curves evaluated discriminatory performance; the optimal cutoff was determined by Youden’s
index. Subgroup analyses were conducted by HbAlc level (<7% vs. >7%), diabetes duration (<5 vs. >5 years), and
insulin use. A sensitivity analysis excluded patients with SHR values above the 99th percentile. Two-tailed p<0.05 was
the threshold for statistical significance.

Results

Baseline Characteristics
Of 1,847 screened patients, 235 met inclusion criteria (Figure 1). Mean age was 58.4 + 9.2 years; 154 patients (65.5%)
were male. The groups were well balanced for age, sex, and established cardiovascular risk factors (Table 1).

Table | Baseline Clinical Characteristics

Characteristic CSFP Group (n=112) | NCF Group (n=123) P value
Demographics
Age, years 59.1 89 577 £95 0.282
Male sex, n (%) 73 (65.2) 8l (65.9) 0914
BMI, kg/m? 284 +38 279 £ 4.1 0.371
Diabetes characteristics
Diabetes duration, years 82+54 7.6 5.1 0.423
HbAlc <7%, n (%) 42 (37.5) 48 (39.0) 0.814
Insulin therapy, n (%) 38 (33.9) 41 (33.3) 0.929
Cardiovascular risk factors
Hypertension, n (%) 81 (72.3) 88 (71.5) 0.897
Dyslipidemia, n (%) 87 (77.7) 91 (74.0) 0.505
Current smoking, n (%) 43 (384) 39 31.7) 0.302
Ex-smoker, n (%) 35 (31.3) 41 (33.3) 0.742
Family history of CAD, n (%) 47 (42.0) 47 (38.2) 0.564
Clinical presentation
Typical angina, n (%) 67 (59.8) 71 (57.7) 0.746
Atypical chest pain, n (%) 31 (27.7) 35 (28.5) 0.896
Dyspnea on exertion, n (%) 14 (12.5) 17 (13.8) 0.772
(Continued)
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Table | (Continued).

Characteristic CSFP Group (n=112) | NCF Group (n=123) P value
Echocardiographic parameters

LVEF, % 623 + 6.8 63.1 £72 0.421
LVEDD, mm 482 = 5.1 478 £ 4.9 0.582
E/e’ ratio 98 +23 94 = 2.1 0.198
Medications at admission

ACE inhibitors/ARBs, n (%) 78 (69.6) 85 (69.1) 0.932
Beta-blockers, n (%) 45 (40.2) 52 (42.3) 0.746
Calcium channel blockers, n (%) 34 (30.4) 38 (30.9) 0.936
Statins, n (%) 82 (73.2) 89 (72.4) 0.890
Antiplatelet therapy, n (%) 78 (69.6) 85 (69.1) 0.932

Note: Data are presented as mean * SD or number (%).

Abbreviations: CSFP, coronary slow flow phenomenon; NCF normal coronary flow; BMI, body mass index; CAD,
coronary artery disease; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker. Bold text denotes the column headings and the category

(subgroup) headings within the table.

Laboratory Parameters
Patients with CSFP had higher admission glucose (9.8 + 2.4 vs. 8.2 £ 1.9 mmol/L, p<0.001) and higher SHR (1.42 = 0.31
vs. 1.08 + 0.24, p<0.001) than those with NCF, despite similar HbAlc levels (7.8 = 1.2% vs. 7.6 £ 1.1%, p=0.226). The
CSFP group also showed higher hs-CRP and fibrinogen levels and a less favorable lipid profile (Table 2). SHR

distribution by group is shown in Figure 2.

Table 2 Laboratory and Biochemical Parameters

Parameter CSFP Group (n=112) | NCF Group (n=123) P value
Glycemic parameters
Admission glucose, mmol/L 98+24 82+ 19 <0.001
Fasting glucose, mmol/L 89 % 2.1 78+ 1.7 <0.001
HbAlc, % 78+ 12 7.6 1.1 0.226
HbAlc, mmol/mol 62+ 13 60 + 12 0.226
Stress hyperglycemia ratio 1.42 + 0.31 1.08 + 0.24 <0.001
Lipid profile
Total cholesterol, mmol/L 49 + |.1 47 +09 0.168
LDL cholesterol, mmol/L 3.0+09 29+08 0.409
HDL cholesterol, mmol/L 1.1 £0.3 12+£03 0.019
Triglycerides, mmol/L 22 % 1.1 1.9+ 0.9 0.035
Non-HDL cholesterol, mmol/L 38+ 1.0 35+08 0.023
Inflammatory markers
hs-CRP, mg/L 38+29 24 +2.1 <0.001
Fibrinogen, g/L 39+08 34+07 <0.001
Renal function
Creatinine, pmol/L 84.3 £ 182 8.7 £ 169 0.298
eGFR, mL/min/1.73 m? 784 £ 153 80.2 + 14.8 0.401
Uric acid, pmol/L 385+ 78 367 71 0.082
Hematological parameters
Hemoglobin, g/dL 132+1.8 135 1.6 0.234
White blood cell count, x |03/pL 7.8 + 2.1 7219 0.035
Platelet count, X 10/uL 268 + 54 251 + 48 0.019
(Continued)
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Table 2 (Continued).

Parameter CSFP Group (n=112) | NCF Group (n=123) P value
Additional biomarkers

NT-proBNP, pg/mL 156 + 89 142 £ 76 0.234
Troponin |, ng/mL <0.04 <0.04 0.892

Note: Data are presented as mean * SD.

Abbreviations: CSFP, coronary slow flow phenomenon; NCF, normal coronary flow; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate;
NT-proBNP, N-terminal pro-B-type natriuretic peptide. Bold text denotes the column headings and the category
(subgroup) headings within the table.

Angiographic Findings

Mean CTFC was significantly higher in the CSFP group across all three coronary arteries. Slow flow involved the LAD
most frequently (91 patients, 81.3%), followed by the RCA (76 patients, 67.9%) and LCX (72 patients, 64.3%). Multi-
vessel involvement (>2 vessels) was present in 65 patients (58.0%) (Table 3).

Correlation Analysis

SHR was positively correlated with mean CTFC (r=0.621, p<0.001) and with individual vessel CTFC values (LAD:
r=0.598; LCX: r=0.572; RCA: r=0.589; all p<0.001). This relationship persisted after adjustment for age, sex, body mass
index (BMI), and hs-CRP (partial r=0.542, p<0.001) (Figure 3).

A Group mean
< 0.001 )
I P 1 = Median
(o)
2.00 - —
1.80 ——
1.60 -
T
U 1.40 - A
Median: 1.38
1.20 1 Mean: 1.42 = 0.31
x
: Median: 1.09
1.00 Mean: 1.08 + 0.24
0.80 -
0.60 - S '
NCF CSFP
(n=123) (n=112)

Group

Figure 2 Distribution of the stress hyperglycemia ratio (SHR) by group. Box plots show SHR in the NCF (n=123) and CSFP (n=112) groups. Boxes span the interquartile
range (IQR, 25th to 75th percentiles), the horizontal line within each box is the median, and whiskers extend to 1.5 times the IQR; open circles are values beyond the
whiskers. Red triangles mark group means. Median SHR was 1.09 (IQR 0.87-1.23) in the NCF group and 1.38 (IQR 1.25-1.62) in the CSFP group; group means were 1.08
0.24 and 1.42 £ 0.3, respectively (p<0.001).

Abbreviations: CSFP, coronary slow flow phenomenon; IQR, interquartile range; NCF, normal coronary flow; SHR, stress hyperglycemia ratio.
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Table 3 Angiographic Characteristics and Coronary Flow Parameters

Parameter CSFP Group (n=112) | NCF Group (n=123) P value
Individual vessel CTFC

LAD CTFC 384 +82 22.1 £34 <0.001
LCX CTFC 35278 20.8 + 3.1 <0.001
RCA CTFC 346 75 19.9 £29 <0.001
Overall flow assessment

Mean CTFC 36.1 £69 209 + 2.8 <0.001
Median CTFC (IQR) 35.8 (31.2-40.5) 20.6 (18.9-22.4) <0.001
CSFP distribution by vessel

LAD involvement, n (%) 91 (81.3) 0 (0) N/A
LCX involvement, n (%) 72 (64.3) 0 (0) N/A
RCA involvement, n (%) 76 (67.9) 0 (0) N/A
Number of vessels with slow flow

Single vessel, n (%) 47 (42.0) 0 (0) N/A
Two vessels, n (%) 40 (35.7) 0 (0) N/A
Three vessels, n (%) 25 (22.3) 0 (0) N/A
Coronary dominance

Right dominant, n (%) 89 (79.5) 101 (82.1) 0.624
Left dominant, n (%) 15 (13.4) 14 (11.4) 0.649
Co-dominant, n (%) 8 (7.1) 8 (6.5) 0.862
TIMI flow grade distribution

TIMI 2 flow, n (%) 28 (25.0) 0 (0) N/A
TIMI 3 flow, n (%) 84 (75.0) 123 (100) N/A
Additional angiographic findings

Minimal luminal irregularities, n (%) 34 (30.4) 28 (22.8) 0.208
Myocardial bridging, n (%) 8 (7.1) 5@4.1) 0.337
Coronary collaterals, n (%) 12 (10.7) 7 (5.7) 0.172

Note: Data are presented as mean + SD, median (IQR), or number (%).

Abbreviations: CSFP, coronary slow flow phenomenon; NCF, normal coronary flow; CTFC, corrected TIMI frame count;
LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery; IQR, interquartile range; N/A,
not applicable. Bold text denotes the column headings and the category (subgroup) headings within the table.

Predictors of CSFP

In univariate analysis, SHR, admission glucose, high-density lipoprotein cholesterol (HDL-C), triglycerides, hs-CRP, and
current smoking were associated with CSFP. After multivariate adjustment, SHR was the strongest independently
associated factor (odds ratio [OR]: 2.84, 95% CI: 1.92—4.21, p<0.001), followed by hs-CRP (OR: 1.28, 95% CI: 1.09—
1.51, p=0.003) and current smoking (OR: 2.13, 95% CI: 1.08—4.21, p=0.029) (Table 4).

Diagnostic Performance of the SHR

The SHR demonstrated good discriminatory performance for CSFP detection (AUC: 0.819, 95% CI: 0.760-0.876, p<0.001). At
the optimal cutoff of 1.21, sensitivity was 78.6%, specificity 74.0%, positive predictive value 75.7%, and negative predictive
value 77.1%. SHR outperformed admission glucose alone (AUC 0.724, p=0.003 by DeLong test) and hs-CRP alone (AUC
0.678, p<0.001), and performed comparably to a combined clinical risk score (AUC 0.795, p=0.412) (Figure 4 and Table 5).

Subgroup Analyses

The association between SHR and CSFP was consistent across all predefined subgroups. Point estimates were similar
regardless of glycemic control (HbAlc <7%: OR 2.76, 95% CI 1.54-4.94; HbAlc >7%: OR 2.91, 95% CI 1.73-4.89;
p for interaction=0.821), diabetes duration (<5 years: OR 2.88, 95% CI 1.45-5.72; >5 years: OR 2.81, 95% CI 1.68-4.70;
p for interaction=0.905), and insulin use (users: OR 2.79, 95% CI 1.42-5.48; non-users: OR 2.87, 95% CI 1.71-4.81;
p for interaction=0.863) (Figure 5).
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Mean CTFC

45
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35
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25
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15

Adjusted r = 0.542
P <0.001

0.6 0.8

1.0 12

1.4

r=0.621, P <0.001
y=315+19.78x
95% CI shown

n=235

1.8

2.0

Figure 3 Relationship between the stress hyperglycemia ratio (SHR) and mean corrected TIMI frame count (CTFC). Each point is one patient (n=235). The red line is the
linear regression fit (y = 3.15 + 19.78x) with its 95% confidence interval (shaded). SHR correlated with mean CTFC (r = 0.621, p<0.001), and the association persisted after
adjustment for age, sex, body mass index, and high-sensitivity C-reactive protein (partial r = 0.542, p<0.001).

Abbreviations: CTFC, corrected TIMI frame count; SHR, stress hyperglycemia ratio.

Discussion
In this case-control study of T2DM patients undergoing coronary angiography, the SHR was independently associated
with CSFP. Despite comparable HbAlc levels, patients with CSFP had substantially higher SHRs, indicating that the
degree of acute glycemic excursion — rather than chronic glycemic burden — distinguished the two groups. The strong
correlation between SHR and CTFC (1=0.621) and the AUC of 0.819 support its value as a discriminator of coronary
microvascular dysfunction.

Table 4 Univariate and Multivariate Analysis of Factors Associated with Coronary Slow Flow Phenomenon

Variable Univariate OR (95% CI) P value Multivariate OR (95% CI) P value
Primary predictor
SHR (per I-unit increase) 2.98 (2.12-4.19) <0.001 2.84 (1.92-4.21) <0.001
Glycemic parameters
Admission glucose (per mmol/L) 1.42 (1.21-1.67) <0.001 — —
HbAlc 27.5% (vs <7.5%) 1.28 (0.78-2.10) 0.334 — —
Cardiovascular risk factors
Age (per year) 1.0l (0.98-1.04) 0.446 — —
Male sex 0.97 (0.58-1.61) 0914 — —
Hypertension 1.04 (0.61-1.78) 0.897 — —
Current smoking 2.35 (1.26-4.38) 0.007 2.13 (1.08-4.21) 0.029
Diabetes duration 25 years 1.24 (0.74-2.07) 0418 — —
Laboratory parameters
HDL-C (per mmol/L) 0.29 (0.09-0.91) 0.034 0.42 (0.11-1.58) 0.199
Triglycerides (per mmol/L) 1.34 (1.02-1.77) 0.037 1.21 (0.88-1.65) 0.242
hs-CRP (per mg/L) 1.31 (1.13-1.52) <0.001 1.28 (1.09-1.51) 0.003
eGFR (per 10 mL/min/1.73 m?) 0.91 (0.76-1.09) 0.301 — —
(Continued)
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Table 4 (Continued).

Variable Univariate OR (95% CI) P value Multivariate OR (95% CI) P value
Clinical and medication factors

BMI (per kg/m?) 1.03 (0.97-1.09) 0.371 — —
LVEF (per %) 0.98 (0.94—1.02) 0.421 — —
ACE inhibitor/ARB use 1.02 (0.61-1.72) 0.932 — —
Beta-blocker use 0.92 (0.56-1.50) 0.746 — —
Statin use 1.04 (0.60-1.80) 0.890 — —

Abbreviations: OR, odds ratio; Cl, confidence interval; SHR, stress hyperglycemia ratio; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-
sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; BMI, body mass index; LVEF, left ventricular ejection fraction; ACE, angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; —, not entered into the model. Variables with P<0.10 in univariate analysis were entered into the
multivariate model. Multicollinearity: variance inflation factors all <5.0. Final model fit: Hosmer—Lemeshow test P=0.634; C-statistic=0.831. Bold text
denotes the column headings and the category (subgroup) headings within the table.

The mechanistic basis of the SHR-CSFP association likely involves microvascular injury through several parallel

pathways. Acute hyperglycemia increases reactive oxygen species, reduces nitric oxide bioavailability, and activates

protein kinase C, impairing endothelium-dependent vasodilation.'® Concurrently, it promotes a prothrombotic state

ROC Curve

1,0
0,8 -
0,6 -
2
=
%
c
[¢]
!
0,4 -
0,2 - AUC = 0.819
95% Cl 0.760-0.876
P <0.001
0,0 T T T T
0,0 0,2 0,4 0,6 0,8

1 - Specificity

1,0

Figure 4 Receiver operating characteristic (ROC) curve for the stress hyperglycemia ratio (SHR) in identifying CSFP. The area under the curve (AUC) was 0.819 (95% ClI
0.760-0.876, p<0.001). At the cutoff selected by the Youden index (1.21), sensitivity was 78.6% and specificity 74.0%. The diagonal line corresponds to an AUC of 0.5 (no

discrimination).

Abbreviations: AUC, area under the curve; Cl, confidence interval; CSFP, coronary slow flow phenomenon; ROC, receiver operating characteristic; SHR, stress

hyperglycemia ratio.
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Table 5 Diagnostic Performance of the Stress Hyperglycemia Ratio for
Identifying Coronary Slow Flow Phenomenon

Metric Value 95% ClI
ROC analysis

Area under the curve 0.819 0.760-0.876
P value <0.001 —
Optimal cut-off analysis (SHR = 1.21)

Sensitivity, % 78.6 69.8-85.8
Specificity, % 74.0 65.3-81.4
Positive predictive value, % 757 66.8-83.2
Negative predictive value, % 77.1 68.1-84.6
Positive likelihood ratio 3.02 221-4.13
Negative likelihood ratio 0.29 0.20-0.42
Accuracy, % 76.2 70.3-81.5
Alternative cut-off values

SHR = 1.15 (high sensitivity) — Sensitivity, % 86.6 79.0-92.3
SHR = 1.15 (high sensitivity) — Specificity, % 63.4 544-71.8
SHR = 1.30 (high specificity) — Sensitivity, % 69.6 60.2-78.0
SHR = 1.30 (high specificity) — Specificity, % 82.1 74.5-88.2
Comparison with other biomarkers

Admission glucose alone (AUC) 0.724 0.656-0.792
P value vs SHR 0.003 —
hs-CRP alone (AUC) 0.678 0.606—0.750
P value vs SHR <0.001 —
Combined clinical score (AUC)? 0.795 0.734-0.856
P value vs SHR 0.412 —

Notes: *Combined clinical score includes age, sex, diabetes duration, smoking status, and hs-
CRP. The Delong test was used for AUC comparisons. Bold text denotes the column headings
and the category (subgroup) headings within the table.

Abbreviations: Cl, confidence interval; ROC, receiver operating characteristic; SHR, stress
hyperglycemia ratio; AUC, area under the curve; hs-CRP, high-sensitivity C-reactive protein.

through platelet activation, thrombin generation, and impaired fibrinolysis,'” which may cause disturbed coronary
microvascular regulation. These mechanisms are consistent with the CSFP pattern of preserved epicardial anatomy

alongside disordered microvascular flow.

OR (95% CI) P for interaction

I
HbAlc < 7% ;| @ | 2.76 (1.54-4.94)
| p = 0.821
HbAlc = 7% | I 4 { 2.91 (1.73-4.89)
I
I
Diabetes duration <5yr | } L | 2.88 (1.45-5.72)
I p = 0.905
Diabetes duration = 5 yr | I O | 2.81 (1.68-4.70)
|
I
Insulin use: Yes I} @ 1 2.79 (1.42-5.48)
I p = 0.863
Insulin use: No ! I L | 2.87 (1.71-4.81)
I
|
T

T T T T 1

r T T T T T
0.51.0 2.0 3.0 4.0 5.0 6.0
Favors No CSFP Favors CSFP

Odds Ratio for CSFP

Figure 5 Subgroup analysis of the association between the stress hyperglycemia ratio (SHR) and coronary slow flow phenomenon (CSFP). Each row shows the odds ratio
for CSFP per |-unit increase in SHR, estimated separately within subgroups defined by glycemic control (HbAlc <7% vs 27%), diabetes duration (<5 vs 25 years), and insulin
use (yes vs no). Green circles are the point estimates and horizontal lines the 95% confidence intervals. The dashed vertical line marks an odds ratio of 1.0; estimates to its
right favor CSFP and those to its left favor normal coronary flow. For each subgroup pair, the odds ratio with its 95% confidence interval and the p value for interaction are
listed in the columns at right. Bold text (the right-hand column headings and the x-axis title) is used for emphasis only and does not indicate statistical significance.
Abbreviations: Cl, confidence interval; CSFP, coronary slow flow phenomenon; OR, odds ratio; SHR, stress hyperglycemia ratio.
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SHR outperformed admission glucose alone in identifying CSFP (AUC 0.819 vs. 0.724, p=0.003). This is patho-
physiologically coherent: in patients with T2DM, absolute glucose values conflate chronic and acute glycemic states. The
SHR isolates the acute component by adjusting for estimated average glucose. Previous work has associated SHR with
poor outcomes in acute myocardial infarction,® decompensated heart failure,”'® and critical illness. The present data
extend these observations by showing that SHR identifies microvascular dysfunction in clinically stable diabetic patients
undergoing elective coronary angiography — a population not previously studied in this context. Altinkaya et al'®
recently reported a similar finding in patients with MINOCA: SHR was independently associated with CSFP and
identified it better than admission glucose did. Their cohort differed from ours, presenting acutely with MINOCA rather
than undergoing elective angiography in a stable state, yet the result held in both settings. That two clinically distinct
populations point the same way makes it more likely that the relevant factor is the acute rise in glucose above a patient’s
usual level, not the chronic glycemic burden.

The SHR-CSFP association was consistent across subgroups defined by glycemic control, diabetes duration, and
insulin use. Acute glycemic stress was not a proxy for poor chronic control or longer disease duration — the effect size
was similar regardless of baseline HbAlc or treatment intensity. SHR appears to capture a pathophysiological process
distinct from cumulative metabolic burden, one that operates irrespective of background glycemic status. This has
practical implications: targeting acute glycemic excursions may complement standard long-term glycemic management
in reducing microvascular complications.

The optimal threshold of 1.21 requires external validation before clinical adoption. That said, the ratio has clear
practical appeal: it is computed from two values routinely available at coronary angiography — admission glucose and
HbA1lc — without additional cost or delay. With an accuracy of 76.2% and performance on par with a combined clinical
risk score (AUC 0.795, p=0.412), SHR offers a single-variable shortcut for bedside risk assessment. The alternative
cutoff of 1.15 may be preferred when high sensitivity is needed (86.6%), while 1.30 may be preferable when specificity is
the priority (82.1%).

Although additional metabolic covariates such as adiponectin, insulin resistance indices, or glycemic variability
metrics may further refine prediction, their incorporation was intentionally limited here to avoid model overfitting given
the sample size. The SHR, by design, integrates both acute and chronic glycemic dimensions, thereby partly capturing
broader metabolic burden within a single calculation. Future studies with larger, prospective cohorts should directly
compare SHR with other metabolic indices and assess its ability to predict hard clinical endpoints in CSFP patients.

Limitations

The retrospective design precludes causal inference, although the strength and consistency of the association, together
with its biological plausibility, are at least compatible with a causal link. Because patients with acute coronary syndrome
were excluded, the findings do not extend to that higher-risk group.

The more consequential constraint is selection. We excluded 1,612 of 1,847 screened patients (87.3%), leaving
a small cohort of clinically stable patients with T2DM who underwent elective angiography and had interpretable images
for CTFC. This is not the broader diabetic population referred for coronary evaluation, and the resulting selection bias,
combined with the single-center setting, limits how far the SHR—CSFP association can be generalized. Confirmation in
less selected, multicenter cohorts is needed.

Two further gaps bear on interpretation. We obtained no invasive measures of coronary flow reserve or microcircu-
latory resistance, which would have characterized microvascular function more directly than the CTFC. We also have no
follow-up data that link SHR to clinical outcomes, so the prognostic value of an elevated ratio in CSFP remains open.

Finally, our records did not reliably capture admission use of SGLT-2 inhibitors or GLP-1 receptor agonists. Both
classes can improve coronary microvascular function, so uneven distribution between groups could have pushed the
SHR—-CSFP relationship in either direction. Prospective capture of these medications would help separate their effect

from that of acute hyperglycemia.
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Conclusions

In this single-center cohort of T2DM patients undergoing elective coronary angiography, the SHR was independently
associated with CSFP and identified it better than admission glucose alone. The ratio is calculated from two values
already obtained before angiography, admission glucose and HbAlc, so it adds no cost or delay and is readily applied at
the bedside. Whether a high SHR also marks patients at greater downstream risk remains unknown. Prospective
multicenter studies with clinical follow-up, and ideally an assessment of whether blunting acute glycemic excursions
alters outcome, are the logical next step.
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