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Introduction

The Coronary Slow Flow Phenomenon (CSFP) is an angiographic observation
characterized by delayed opacification of the distal coronary vasculature dur-
ing coronary angiography, despite the absence of significant epicardial coronary
artery obstruction [1]. First described by Tambe et al. in 1972, CSFP is identi-
fied using the Thrombolysis In Myocardial Infarction (TIMI) frame count (TFC)
method, which quantifies the number of cine-angiographic frames required for
contrast to reach distal coronary landmarks [2]. Normal TFC values are approxi-
mately 3613 for the Left Anterior Descending artery (LAD, corrected to 21+2),
2244 for the Left Circumflex Artery (LCX), and 2043 for the Right Coronary Artery
(RCA), with values exceeding these indicatives of slow flow [2]. Clinically, CSFP
manifests with a diverse spectrum of presentations including stable or unstable
angina, Non-ST-Elevation Myocardial Infarction (NSTEMI), ST-Elevation Myocar-
dial Infarction (STEMI), and Non-Sustained Ventricular Tachycardia (NSVT) [3].
Patients with CSFP often experience recurrent chest pain, which can significantly
impair quality of life [4]. Despite its generally favorable prognosis, CSFP has been
associated with severe cardiac events, such as acute myocardial infarction, sud-
den cardiac death, cardiac dysfunction, and fatal arrhythmias [5]. The patho-
physiological mechanisms underlying CSFP remain poorly elucidated, but pro-
posed contributors include microvascular dysfunction, endothelial impairment,
and inflammatory processes [6]. These uncertainties underscore the need for
further research to clarify CSFP’s clinical implications and risk factors, particu-
larly in populations with comorbidities known to exacerbate vascular pathology.

Diabetes Mellitus (DM) is a well-established risk factor for Coronary Artery
Disease (CAD), contributing to both macrovascular and microvascular complica-
tions through mechanisms such as endothelial dysfunction, oxidative stress, and
prothrombotic states [7]. DM affects vascular function by impairing Nitric Oxide
(NO) bioavailability and increasing endothelin-1 production, which disrupts the
balance necessary for vasodilation and promotes vasoconstriction [8]. This vas-
cular dysfunction is particularly relevant in the context of CSFP, as it may exacer-
bate microvascular resistance and impair coronary blood flow [9]. Studies have
shown that DM is associated with higher rates of cardiovascular morbidity and
mortality, even in the absence of obstructive CAD, suggesting that microvascu-
lar abnormalities may precede overt atherosclerosis [10]. In patients with CSFP,
DM has been linked to increased prevalence of metabolic syndrome, elevated
low-density lipoprotein levels, and higher body mass index, all of which com-
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pound cardiovascular risk [11]. Furthermore, hyperglycemia, a
hallmark of DM, is implicated in creating a prothrombotic and
inflammatory environment that may contribute to the patho-
genesis of CSFP [12]. The chronic nature of DM-related vascu-
lar changes, including capillary microaneurysms and impaired
blood flow leading to tissue ischemia, highlights its potential
role as a key determinant of CSFP [13]. However, the precise re-
lationship between DM and CSFP remains underexplored, with
limited data on whether DM acts as an independent risk factor
or merely exacerbates other predisposing conditions. The inter-
play between DM and CSFP is of particular interest given the
rising global prevalence of DM and its associated cardiovascular
burden [14]. Emerging evidence suggests that DM-induced mi-
crovascular dysfunction may serve as an early marker of coro-
nary vascular pathology, potentially identifiable through angio-
graphic findings like CSFP [15]. Previous studies, such as those
by Emrah et al. (2006) and Shuang et al. (2011), have reported
associations between DM and CSFP, with mechanisms including
reduced NO synthase activity, platelet activation abnormalities,
and atherosclerosis-independent microvascular impairments
[16,17]. These findings suggest that DM may not only increase
the likelihood of CSFP but also amplify its clinical consequenc-
es, such as recurrent angina and acute coronary events [18].
Additionally, CSFP’s association with other risk factors, such as
male gender, elevated glucose levels, and hematological mark-
ers like hematocrit and red cell distribution width, points to a
multifactorial etiology where DM plays a central role [19]. Un-
derstanding this relationship is critical for developing targeted
screening and management strategies for patients with CAD or
suspected CAD, particularly those with DM. This study seeks to
address the gap in knowledge by investigating whether DM is
independently associated with CSFP, thereby providing insights
that could guide clinical practice in preventing and managing
this underrecognized phenomenon.

Materials and methods
Study design and population

This cross-sectional study was conducted at the Department
of Cardiology, First Affiliated Hospital of Zhengzhou University,
Henan Province, P.R. China. A total of 200 patients with sus-
pected or diagnosed coronary artery disease undergoing coro-
nary angiography were enrolled. Patients were divided into two
groups: diabetic (n=100) and non-diabetic (control, n=100).
Each group was further subdivided into normal flow and slow
flow subgroups based on TIMI Frame Count (TFC) assessments.

Inclusion and exclusion criteria

Inclusion criteria: Patients with suspected or diagnosed
coronary artery disease and no prior history of Percutaneous
Coronary Intervention (PCl).

Exclusion criteria: Coronary lesions >50%, prior PCl, or in-
complete data.

Coronary angiography and TIMI frame count

Coronary angiography was performed via the percutane-
ous transradial approach using the Judkins technique, with im-
ages acquired at 30 frames/second. Two trained cardiologists
analyzed the angiograms, defining normal coronary arteries as
those without visible atherosclerosis, thrombosis, or spasm.
Obstructive coronary lesion was defined as that compromising
the luminal diameter by 50% or more. TFC was measured as de-
scribed by Gibson et al. [6]. The initial frame was defined when

contrast occupied >70% of the proximal coronary lumen, and
the final frame was when contrast reached the distal landmark
(distal bifurcation for Left Anterior Descending artery [LAD],
distal bifurcation of longest segment for Left Circumflex artery
[LCX] and first posterolateral branch for Right Coronary Artery
[RCA]). LAD TFC was corrected (cTFC) by dividing by 1.7. Normal
TFC values were: LAD, 36+3 (cTFC 2142); LCX, 22+4; RCA, 20+3.
Values exceeding these were classified as slow flow.

Data collection

Sociodemographic characteristics, clinical presentation de-
tails, and laboratory investigation results including Random
Blood Glucose (RBG), glycated Hemoglobin (HbA1lc), hemato-
crit, hemoglobin, Red cell Distribution Width (RDW), B-type
Natriuretic Peptide (BNP), troponin, and Creatine Kinase-MB
(CKMB) were retrieved from the hospital information system.
All data were anonymized prior to analysis to ensure confiden-
tiality.

Statistical analysis

Data were analyzed using SPSS 21.0. Numerical variables
were compared using Student’s t-test, and categorical variables
were assessed with chi-square tests. Correlations were evalu-
ated using Pearson’s (numerical) and Spearman’s (categorical)
tests. Multivariate logistic regression adjusted for confounders.
A P-value <0.05 was considered statistically significant.

Results

This cross-sectional study enrolled 200 patients, equally di-
vided into diabetic (n=100) and non-diabetic (n=100) groups,
with no gender differentiation. The participants’ ages ranged
from 23 to 81 years (Figure 1). Overall, the cohort comprised
122 males (61%) and 78 females (39%) Clinical presentations in-
cluded unstable angina (127, 63.5%), stable angina (43, 21.5%),
ST-elevation myocardial infarction (STEMI; 26, 13%), and Non-
ST-Elevation Myocardial Infarction (NSTEMI; 4, 2%) (Table 1)
(Figure 2). Coronary flow assessment using the TIMI Frame
Count (TFC) method revealed normal coronary flow in 142
(71%) patients and Coronary Slow Flow Phenomenon (CSFP) in
58 (29%) patients (Figure 3). Among CSFP patients, slow flow
was observed in the left circumflex artery (LCX; 42/58, 72.4%),
right coronary artery (RCA; 32/58, 55.2%), and Left Anterior
Descending artery (LAD; 9/58, 15.5%) Single-vessel slow flow
was noted in 36 patients, two-vessel in 19, and three-vessel in
3 (Table 2).

CSFP was significantly more prevalent in the diabetic group
(39/58, 67.2%) compared to the non-diabetic group (19/58,
32.8%), with a chi-square test indicating statistical significance
(x*=9.71, df=1, P=0.002) (Figure 4). A positive correlation was
observed between Diabetes Mellitus (DM) and CSFP (r=0.22,
P=0.0001). Male gender was also significantly associated with
CSFP (r=0.15, P=0.035), with 42/58 (72.4%) CSFP patients be-
ing male compared to 16/58 (27.6%) female (Figure 5). Within
genders, the proportion of CSFP was higher in males (34.4%)
than females (20.5%) (x?=4.47, df=1, P=0.03). Other significant
correlations with CSFP included random blood glucose levels
(RBG; r=0.17, P=0.016), hematocrit (r=0.14, P=0.04), hemoglo-
bin (r=0.15, P=0.04), Red cell Distribution Width (RDW; r=0.14,
P=0.04), and B-type natriuretic peptide (BNP; r=0.153, P=0.03)
(Table 3).

HbA1c levels were significantly higher in the diabetic group
(7.44+1.44 vs. 5.79+0.43, P=0.001) and correlated with DM
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(r=0.622, P=0.0001). In CSFP patients, HbAlc was higher com-
pared to those with normal flow (6.81+1.17 vs. 6.63+1.47),
but the correlation with CSFP was not statistically significant
(P>0.05). Other biochemical parameters showed no significant
association with CSFP (P>0.05) (Table 4).

Table 1: Demographic and clinical characteristics of the study
population.

Characteristic Total Diabetic Group Non-Diabetic
n (%) (n=200) (n=100) Group (n=100)

Male 122(61%) 61(61%) 61(61%)
Female 78(39%) 39(39%) 39(39%)
Clinical presentation
Unstable Angina 127(63.5%) 64(64%) 63(63%)
Stable Angina 43(21.5%) 21(21%) 22(22%)
STEMI 26(13%) 13(13%) 13(13%)
NSTEMI 4(2%) 2(2%) 2(2%)

Table 2: Distribution of coronary slow flow by vessel.
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Figure 1: Distribution of the study population by age and gender.

Vessel Involvement Number of patients (n=58) Percentage (%)
LAD 9 15.50%
LCX 42 72.40%
RCA 32 55.20%
Single Vessel 36 62.10%
Two Vessels 19 32.80%
Three Vessels 3 5.20%

Table 3: Correlations of CSFP with clinical and laboratory
parameters.

Parameter Correlation Coefficient (r) P-value
Diabetes Mellitus 0.22 0.0001
Male Gender 0.15 0.035
Glucose Level 0.17 0.016
Hematocrit 0.14 0.04
Hemoglobin 0.15 0.04
RDW 0.14 0.04
BNP 0.153 0.03

Table 4: Person’s correlation for coronary slow flow.

Variable P Value Variable P Value
Age 0.945 Urea 0.109
Hypertension 0.904 Createnine 0.117
Troponin T 0.369 Uric Acid 0.573
Smoking Status 0.146 HbAlc 0.398
Drinking Status 0.124 Hb 0.037
Gender 0.035 HCT 0.047
CKMB 0.393 RDW 0.044
BNP 0.03 MPV 0.567
Total Cholesterol 0.612 Fibrinogen 0.94
TG 0.234 HsCRP 0.199
HDL 0.059 TFC 0.001
LDL 0.57 TFC.LAD 0.001
Potassium 0.942 CTFC.LAD 0.001
Sodium 0.241 TFCLCX 0.001
Glucose 0.016 TFC.RCA 0.001
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Figure 2: Distribution of clinical presentations in the study

population.
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Figure 3: Prevalence of normal and slow coronary flow.

A pie chart showing the prevalence of normal coronary flow
(71%) and CSFP (29%).
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Discussion

Our study demonstrates a significant association between
Diabetes Mellitus (DM) and the Coronary Slow Flow Phenom-
enon (CSFP), with a higher prevalence of CSFP in diabetic pa-
tients compared to non-diabetic controls, and a positive corre-
lation between glucose levels and CSFP. These findings reinforce
prior reports linking DM to CSFP in patients with angiographi-
cally normal coronary arteries [8,16,17]. The CSFP prevalence
in our cohort is notably higher than the 1-7% reported in most
studies [10,17], but aligns with more recent data reporting a
prevalence of 34% [11]. This discrepancy may reflect differenc-
es in patient populations, diagnostic methods—particularly the
use of the TIMI Frame Count (TFC) or regional variations in DM
prevalence.

The significant correlation between glucose levels and CSFP
highlights hyperglycemia as a key contributor, consistent with
studies identifying glucose as an independent predictor of CSFP
[14]. These results suggest that DM exacerbates microvascular
dysfunction—a critical mechanism in CSFP independent of epi-
cardial coronary artery disease.

The underlying pathophysiology of CSFP in diabetic patients
likely involves endothelial dysfunction and impaired microvas-
cular perfusion. This is supported by observed correlations with
hematocrit, hemoglobin, Red cell Distribution Width (RDW),
and B-type Natriuretic Peptide (BNP). Hyperglycemia disrupts
Nitric Oxide (NO) bioavailability and enhances endothelin-1
production, leading to vasoconstriction and reduced coronary
blood flow [13]. Additionally, DM promotes a prothrombotic
and inflammatory state, which may increase microvascular re-
sistance [12]. The association with hematological markers, as
supported by previous studies [20], suggests that increased

blood viscosity and systemic inflammation contribute to the de-
velopment of CSFP.

The higher CSFP prevalence in males is consistent with previ-
ous reports suggesting gender-specific differences in vascular
reactivity or cardiovascular risk factor burden [19]. Notably,
the predominance of Left Circumflex Artery (LCX) involvement
among CSFP patients may reflect vessel-specific vulnerabilities
due to anatomical or hemodynamic factors, meriting further in-
vestigation.

Clinically, these findings underscore the importance of DM
as a modifiable risk factor for CSFP, with implications for car-
diovascular risk stratification. The high prevalence of CSFP in
diabetic patients, coupled with its association with recurrent
angina and adverse cardiac events [5], highlights the need for
targeted screening during coronary angiography. Interestingly,
although HbA1c levels were elevated in CSFP patients, the cor-
relation was not statistically significant contrasting with similar
studies [17]. This may reflect variability in glycemic control or
study-specific factors. Nevertheless, elevated HbAlc remains a
marker of cardiovascular risk and should be closely monitored.

Integrating CSFP assessment into routine coronary angio-
graphic protocols for diabetic patients could facilitate early
detection and management, potentially improving outcomes.
Furthermore, the observed correlations with RDW and BNP
suggest that CSFP may serve as a marker of systemic inflamma-
tion and cardiac stress, expanding its diagnostic utility.

The broader implications of this study are substantial, espe-
cially given the growing global burden of DM and its cardiovas-
cular complications. By identifying DM as an independent risk
factor for CSFP, our findings support a paradigm shift in manag-
ing patients with suspected coronary artery disease—empha-
sizing microvascular assessment alongside traditional epicardial
evaluation. The significant glucose—CSFP correlation suggests
that tighter glycemic control could reduce the risk of CSFP, align-
ing with broader evidence on DM management [14].

Future research should investigate whether therapies tar-
geting microvascular dysfunction, such as vasodilators or anti-
inflammatory agents, can improve clinical outcomes in CSFP
patients. Additionally, the gender- and vessel-specific patterns
observed in this study highlight the potential for personalized
approaches to CSFP management tailored to patient demo-
graphics and angiographic findings.

This study has several limitations. Its cross-sectional design
precludes causal inference, and longitudinal studies are need-
ed to clarify the temporal relationship between DM and CSFP.
The single-center nature of the study may limit generalizability,
and unmeasured confounding factors such as lifestyle habits or
concurrent medications—could have influenced the findings.
Moreover, the lack of long-term follow-up data restricts conclu-
sions regarding the prognostic implications of CSFP.

We recommend routine DM screening for patients with
suspected or confirmed coronary artery disease, alongside ag-
gressive glycemic control to prevent CSFP and associated car-
diac events. Multicenter studies with larger and more diverse
populations are essential to validate our findings and explore
therapeutic strategies for CSFP in diabetic patients.
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Conclusion

This study establishes diabetes mellitus as an independent
risk factor for the coronary slow flow phenomenon, with sig-
nificant correlations between CSFP and glucose levels. Although
HbA1lc levels were elevated in CSFP patients, their correlation
with CSFP was not statistically significant. These findings under-
score the need for DM screening and effective glycemic control
in patients with coronary artery disease to reduce CSFP-related
cardiovascular risks, advocating for enhanced microvascular as-
sessment in clinical practice.
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