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Background and Objectives: Coronary microvascular disease (CMVD) is commonly observed among individuals presenting with
chest pain, though its underlying pathological mechanisms remain incompletely elucidated. Emerging evidence suggests that
hyperinsulinemia serves as a critical factor in cardiovascular dysfunction development, potentially contributing to CMVD pathogen-
esis. This investigation aims to examine the potential link between hyperinsulinemia and CMVD manifestation in clinical populations.
Methods: This study enrolled 347 patients presenting with ischemic chest pain but without obstructive coronary artery disease. All
participants underwent coronary flow reserve (CFR) assessment through transthoracic Doppler echocardiography. Patients demonstrat-
ing CFR values below 2.0 were classified into the CMVD group (n=105), while those with CFR>2 constituted the non-CMVD group
(n=245). Biochemical parameters including fasting insulin (FINS), fasting blood glucose (FBS), and glycosylated hemoglobin
(HbAlc) were quantitatively analyzed. Based on FINS concentration tertiles, participants were stratified into low-insulin (n=118),
medium-insulin (n=114), and high-insulin (n=115) subgroups. Multivariate logistic regression analysis was employed to calculate
adjusted odds ratios (OR) with corresponding 95% confidence intervals (CI) for CMVD risk assessment.

Results: CMVD patients exhibited elevated concentrations of FINS, FBS, HOMA-IR, and HbAlc compared to non-CMVD counter-
parts. CMVD cases demonstrated greater prevalence of female gender, diabetes mellitus, and hypertension (P < 0.05). Stratification by
FINS tertiles revealed progressively diminishing CFR levels from low to high insulin groups. Multivariate analysis identified
hyperinsulinemia (third tertile, FINS >12.4 plU/mL) as an independent predictor for CMVD (OR 2.279, 95% CI 1.046-4.967).
Additional independent risk factors included diabetes (OR 1.920, 95% CI 1.049-3.513), female sex (OR 3.218, 95% CI 1.858-5.572),
hypertension (OR 1.746, 95% CI 1.013-3.007), and advancing age (OR 1.036, 95% CI 1.005-1.069) (P < 0.05).

Conclusion: Hyperinsulinemia is associated with impaired coronary microvascular function. Hyperinsulinemia serves as a significant
independent contributor to the development of CMVD, demonstrating a clear pathological relationship beyond conventional risk
factors.
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Introduction
Emerging evidence indicates that a substantial percentage of individuals experiencing ischemic chest pain present with
non-obstructive coronary artery pathology upon diagnostic evaluation."* Such clinical cases are increasingly recognized
as manifestations of ischemia stemming from coronary microvascular dysfunction (CMVD). Contemporary research has
established connections between CMVD and multiple adverse outcomes, including compromised life quality metrics,
elevated risk of major adverse cardiac events, and greater frequencies of repeat hospital admissions.**

As we know, the most important characteristic of CMVD is coronary microvascular dysfunction, which starts with
declined coronary flow reserve (CFR).? Transthoracic Doppler echocardiography serves as a clinically valuable technique

for quantifying CFR, providing non-invasive assessment of microvascular functionality through hemodynamic parameter

measurement.
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The pathophysiological mechanisms of CMVD are intricate and involve multiple contributing factors. Existing
research has identified diabetes, hypertension, and metabolic syndrome as potential disruptors of coronary microvascular
performance.®’ Elevated concentrations of blood glucose and insulin have been linked to detrimental effects on
cardiovascular health.® Prior investigation by our team revealed that hyperinsulinemia impairs the functionality of
endothelial progenitor cells, crucial mediators in maintaining vascular endothelial integrity.” Nevertheless, the potential
connection between hyperinsulinemia and coronary microvascular pathology remains poorly understood. Notably, no
previous studies have explored the impact of hyperinsulinemia on coronary microvascular function. This investigation
seeks to examine the potential correlation between hyperinsulinemia and the development of CMVD.

Methods
Study Population

This retrospective observational analysis examined data from patients diagnosed with coronary microvascular disease
between May 2019 and January 2024. The inclusion criteria were: 1) presence of chest pain symptoms; 2) documented
coronary angiography showing <50% arterial stenosis; 3) completed coronary flow reserve (CFR) assessment; and 4)
available fasting insulin level measurements. The exclusion criteria were: 1) Patients with obstructive coronary artery
disease, defined as coronary artery stenosis >50%; 2) history of acute myocardial infarction in the preceding three
months; 3) recent use (within 3 months) of insulin or insulin-sensitizing agents; 4) patients with cardiomyopathy (dilated
cardiomyopathy, hypertrophic cardiomyopathy, restrictive cardiomyopathy, and myocarditis).

Sample size was calculated by Pass 11 software. Based on preliminary data, we assumed CFR average value with
a standard deviation. For a required power of 0.9 (90%), using an F-test for comparisons, a sample size of at least 35
cases for each group was required. The total sample size was 105 cases.

This study was approved by the ethics committee of Qinhuangdao First Hospital, and written consent documentation
obtained from every participant prior to their involvement in the investigation. This study complies with the Declaration
of Helsinki.

Diagnosis of Coronary Microvascular Disease
As depicted in the diagnostic flowchart (Figure 1), 5,163 patients presenting with angina pectoris as their primary
complaint underwent coronary angiography. Among these, 1,547 individuals exhibited normal epicardial coronary artery
morphology (coronary angiography showing <50% arterial stenosis). Following this preliminary screening, CMVD
diagnosis was established through evaluation of coronary flow reserve (CFR). The diagnostic criteria required fulfillment
of four conditions: symptoms of myocardial ischemia, absence of obstructive coronary artery disease, evidence of
myocardial ischemia, and absence of epicardial spasm combined with a CFR measurement below 2.0, as outlined in
established clinical guidelines.'®

Clinical data were collected, such as hypertension history, diabetes history, smoking history and history of
medications.

Assessment of Coronary Flow Reserve
Coronary flow reserve assessment was conducted utilizing transthoracic Doppler echocardiographic techniques (VIVID 9
Ultrasound System, GE), adhering to protocols outlined in our prior research.'' All procedures were administered by
a certified echocardiographer. Participants were instructed to abstain from caffeine and nitroglycerin consumption for
24 hours preceding the evaluation. Cardiac dimensional analysis included documentation of left ventricular chamber
dimensions (LVD) and left atrial size (LAD), with left ventricular systolic function quantified through biplane Simpson’s
volumetric analysis to determine LVEF values.

Coronary flow in the left anterior descending artery (LAD) was detected using color Doppler and an apical five-
chamber view (distal of LAD) or by a modified low short-axis view (mid-distal of LAD)."" Baseline coronary flow
velocity was measured. Adenosine was infused via the median cubital vein (140 pg/kg/min for 2 minutes), and the
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Flowchart of enrolled patients

5163 patients who underwent coronary angiography with ischemia chest
pain between May 2019 and January 2024

1547 patients presented with normal epicardial coronary arteries.

l

568 patients performed CFR measurement.

Exclusion Criteria
1) patients with obstructive coronary artery disease.
2) Patients with acute myocardial infarction.

3) Patients taken insulin sensitizer or injected insulin in last three months
4) patients with cardiomyopathy

423 patient meet the inclusion and exclusion criteria

l

DATA of FINS were not avalible in 76 patients

l

347patient were analysed in this study

Figure | Flowchart of enrolled patients.

hyperemic peak diastolic velocity was measured. The CFR was calculated as the ratio of the hyperemic peak diastolic
velocity divided by the baseline peak diastolic velocity.

Coronary blood flow within the left anterior descending artery (LAD) was assessed through color Doppler imaging,
employing either an apical five-chamber view for distal LAD evaluation or a modified low short-axis approach for mid-
distal LAD visualization.'" Initial hemodynamic parameters were established by recording baseline coronary flow
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velocities. Following intravenous administration of adenosine through the median cubital vein (140 pg/kg/min over two
minutes), researchers captured hyperemic peak diastolic velocity measurements. The CFR was subsequently calculated as
the ratio of the hyperemic peak diastolic velocity divided by the baseline peak diastolic velocity.

Laboratory Measurements

Fasting venous blood samples were obtained from participants following an 8-hour overnight fast. Biochemical analyses
included total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), fasting blood sugar (FBS), and fasting insulin (FINS) levels. FINS concentrations were quantified
using a dual-antibody sandwich immunoassay technique in accordance with standardized protocols. Insulin resistance
was evaluated using the homeostasis model assessment formula [HOMA-IR (mmol/LxuU/mL) = FBS (mmol/L)xFINS
(wU/mL)/22.5]."

Statistics Analysis
Statistical analyses were conducted with SPSS19 (SPSS, Chicago, IL, USA). For continuous variables, data were
reported as mean + standard deviation when data followed a normal distribution, while non-normally distributed
variables were summarized using median values with interquartile ranges. Categorical data were presented numerically
with corresponding percentages. Group comparisons for continuous measures employed either one-way ANOVA or the
Kruskal-Wallis H-test based on distribution characteristics. Differences in categorical variables between groups were
analyzed using y2 tests or Fisher’s exact probability method as appropriate.

A multivariate logistic regression analysis was conducted to calculate adjusted odds ratios (ORs) along with
corresponding 95% confidence intervals (Cls) for coronary microvascular disease risk factors. Statistical significance
was defined as a two-tailed p-value below 0.05 based on conventional hypothesis testing criteria.

Results

Comparison of Clinical Data Between CMVD Patients and Non-CMVD Patients

As illustrated in Figure 1, the study recruited 347 participants, with 105 fulfilling diagnostic criteria for CMVD. The
remaining 242 subjects demonstrating CFR values >2.0 comprised the non-CMVD cohort. No statistically significant
differences were observed in smoking history between the two groups. However, the CMVD cohort demonstrated
higher prevalence rates of female participants, diabetes mellitus, and hypertension compared to the non-CMVD group
(P < 0.05, Table 1). Biochemical analysis revealed the CMVD group showed elevated fasting blood glucose, fasting
insulin, HOMA-IR, and HbAlc levels relative to non-CMVD group. Lipid profiles (TC, TG, LDL-C, HDL-C) along
with creatinine and homocysteine measurements showed comparable values across both cohorts. Echocardiographic
parameters including left ventricular dimensions, atrial diameter, and ejection fraction exhibited no intergroup
variations.

Hyperinsulinemia and Declined CFR Value
To investigate the association between insulin concentrations and CFR, participants were stratified into tertiles based on
fasting insulin measurements (T1: <9.03 pIlU/mL; T2: 9.04-12.40 plU/mL; T3: >12.40 plU/mL). Comparative analysis
of baseline parameters revealed comparable distributions across age, gender prevalence, hypertension incidence, and
smoking status among the three cohorts (Table 2). Lipid profiles (total cholesterol, triglycerides, LDL-C, HDL-C) along
with renal function markers (creatinine, uric acid) showed no notable disparities. The T3 cohort demonstrated elevated
HbAlc values, heightened insulin resistance (HOMA-IR), and increased homocysteine levels compared to lower insulin
groups (Table 2). Echocardiographic measurements including left ventricular dimensions, atrial diameter, and ejection
fraction remained comparable across all tertiles.

As shown in Figure 2, level of CFR was lower in high insulin group than in low insulin group and medium insulin
group. There was no statistical difference of CFR between low insulin group and medium insulin group.
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Table 1 Comparison of Clinical Characteristics of CMVD and Non-CMVD Patients

CMVD Group Non-CMVD Group F or y? P value
(n =105) (n =242)
Age 62.04 £7.32 59.02 +9.53 2.889 0.004
Gender (M/F) 27/78 134/108 26.726 0.000
Current smoker 25(23.80%) 80(33.05%) 0.077 0.782
Diabetes history 42(40.00%) 61(25.20%) 7.678 0.006
Hypertension 67(63.81%) 116(47.93%) 7.405 0.007
TC (mmol/L) 3.73£ 2.19 3.33% 1.66 1.837 0.067
TG (mmol/L) 2.89+ 1.09 2,67+ 1.6l 1.023 0.307
LDL-C (mmol/L) 1.96 = 0.97 1.84+ 0.88 1.076 0.283
HDL-C (mmol/L) 1.05+ 0.54 1.08+ 0.34 0.156 0.876
FBS (mmol/L) 6.02 + 1.71 5.53 £ 1.46 2.373 0.020
HbAlc (%) 6.22 + 0.94 6.03 £ 0.62 2.164 0.031
FINS (ulU/mL) 1321+ 4.15 11.09 £ 5.10 4436 0.000
HOMA-IR 3.46% 1.64 2.80+ 1.46 3.535 0.001
Creatinine (umol/L) 62.44 + 15.82 62.24 + 20.33 0.072 0.942
HCY (mmol/L) 13.81 + 6.79 I15.11 £ 6.71 1.232 0.219
Urine acid (mmol/L) 311.85% [15.57 313.68+ 129.33 0.078 0.938
BMI 26.31 £ 3.17 2541 + 3.03 2451 0.015
LVD (mm) 43.11 £ 8.06 44.53 + 6.94 1.646 0.100
LAD (mm) 39.88 +7.57 40.22 +6.58 0.535 0.593
LVEF(%) 64.93 £ 1251 66.21 + 10.11 0.921 0.358
SBP (mmHg) 133.83 + 15.05 13124 + 16.83 0.307 0.759
DBP (mmHg) 80.94+ 11.20 79.70 £ 11.86 0.854 0.394
Heart rate (beat /min) 71.89+ 11.84 73.49+ 0.54 1.216 0.225
CFR 1.55+ 0.30 2.96+ 10.91 25.186 0.000
Statins 76/105 172/242 0.061 0.804
Metformin 55/105 142/242 1.183 0.277
SGLT-2 inhibitor 43/105 971242 0.023 0.879
GLP-1RA 117105 26/242 0.006 0.941
Aspirin 96/105 219/242 0.076 0.783
B-blocker 26/105 61/242 0.008 0.930

Abbreviations: CMVD, coronary microvascular disease; TC, cholesterol; TG, Triglyceride; LDL-C, low density
lipoprotein-cholesterol; HDL-C, high-density lipoprotein cholesterol; FBS, fasting blood sugar; HbAlc,
Glycosylated Hemoglobin; FINS, fasting insulin; HOMA-IR, homeostasis model assessment for insulin resistance;
HCY, Homocysteine; BMI, body mass index; LVD, left ventricular diameter; LAD, left arterial diameter; LVEF, left
ventricular ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure; CFR, coronary flow
reserve; SGLT-2 inhibitor, sodium-dependent glucose transporters 2 inhibitor; GLP-1RA, glucagon-like peptide-|
receptor agonist.

Multivariate Logistic Regression Analysis
Table 3 presents the findings from multivariable logistic regression models. To investigate the relationship between
insulin levels and CMVD, both categorical parameters (FINS tertiles) and continuous measurements (FINS concentra-
tions) were examined. When evaluating categorical data, the highest FINS tertile (>12.4 plU/mL) demonstrated
a significant association with CMVD risk in adjusted models (adjusted OR 2.279, 95% CI 1.046—4.967). For continuous
parameter evaluation, unadjusted analysis revealed a positive correlation between FINS concentrations and CMVD
occurrence (OR 1.092, 95% CI 1.044-1.142, p<0.05). However, this relationship became statistically non-significant
after comprehensive adjustment for covariates (adjusted OR 1.124, 95% CI 0.953-1.326, p=0.187).

As Figure 3 showed, multivariate logistic regression further identified diabetes (OR 1.920,95% CI 1.049-3.513),
female gender (OR 3.218, 95% CI 1.858-5.572), hypertension status (OR 1.746, 95% CI 1.013-3.007) and advancing
age (OR 1.036, 95% CI 1.005-1.069) were independent factors of CMVD (all P < 0.05).
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Table 2 Comparison of Clinical Characteristics According to FINS Status

Low Insulin Medium Insulin High Insulin Fory® | Pvalue
(n =118) (n=114) (n=115)
Age 59.47 £ 9.42 60.02 +9.18 60.34 + 8.46 0.278 0.757
Gender (M/F) 61/57 54/60 46/69 3.267 0.195
Smoking history 29(24.57%) 28(24.56%) 29(25.21%) 0.017 0.991
Hypertension 63(53.38%) 57(50.00%) 63(54.78%) 0.556 0.757
Diabetes 32(64.86%) 34(61.68%) 37(64.33%) 0.715 0.700
TC (mmol/L) 3.80% 2.46 3.59+ 1.03 3.65% 1.05 0.921 0.399
TG (mmol/L) 2.68+ 1.02 2.70+ 1.01 3.08% |.52 1.353 0.260
LDL-C (mmol/L) 1.82+ 0.97 1.87+ 0.84 2.07+ 1.01 2.162 0.117
HDL-C (mmol/L) 1.12+ 0.24 .11+ 0.32 1.05+ 0.35 1.764 0.173
FBS (mmol/L) 5.88 + 1.78 5.48+ 1.73 5.83+ [.34 1.988 0.139
HbAlc (%) 6.09 + 0.83 5.96x 0.60 6.21+ 0.74%# 3.105 0.046
FINS (ulU/mL) 6.57+ 1.86 10.92+ 0.94 1741 + 476%#4# | 385.1 0.000
HOMA-IR 1.71+ 0.65 281+ 0.63%* 451 = |54 2.848 0.059
Creatinine (umol/L) 59.11 £ 18.05 63.71+ 24.32 63.85 + 12.47 1.452 0.236
HCY (mmol/L) 12.96 + 7.81 13.73+ 9.82 17.35 + 10.64*# 5.337 0.005
Urine acid 31422 + 127.71 319.99+ 144.43 305.22 + 105.65 1.452 0.236
BMI 25.57 + 3.40 26.46 + 3.02 26.09 + 2.98 2.361 0.096
CFR 273 £0.92 2,61 +0.77 227+ 0.97+## 8.030 0.000
LVD (mm) 43.08 £ 6.70 4535 £ 7.36 4389 £ 7.72 2.861 0.059
LAD (mm) 40.10 + 5.88 40.35+ 7.17 40.13 £ 7.57 0.044 0.957
LVEF (%) 66.86 + 11.83 66.31 + 8.46 64.28+ 11.28 1.809 0.165
SBP (mmHg) 133.28 = 14.95 133.11 £ 18.03 133.88+ 15.93 0.071 0.311
DBP (mmHg) 81.05 + 10.21 81.26 £ 12.02 79.17 £ 11.90 1.172 0.306
Heart rate (beat /min) | 76.04+ 11.61 7242 + 1048 73.00 £ 11.25 7.6941 0.001
Statins 8l 83 84 0.702 0.706
Metformin 6l 71 65 2.652 0.266
SGLT-2 inhibitor 45 47 48 0.369 0.831
GLP-1RA I 12 14 0.501 0.779
Aspirin 101 98 96 0.325 0.850
B-blocker 27 31 29 0.576 0.750

Notes: Low insulin group (FINS level <9.03ulU/mL), medium insulin group (9.03>FINS level <12.40plU/mL), high insulin group
(FINS level >12.40plU/mL).* P<0.05 compared with low insulin group; ** P<0.0l compared with low insulin group; # P<0.05
compared with medium insulin group; ## P<0.01 compared with medium insulin group.

Abbreviations: TC, cholesterol; TG, Triglyceride; LDL-C, low density lipoprotein-cholesterol; HDL-C, high-density lipoprotein
cholesterol; FBS, fasting blood sugar; HbAlc, Glycosylated Hemoglobin; FINS, fasting insulin; HOMA-IR, homeostasis model
assessment for insulin resistance; HCY, Homocysteine; BMI, body mass index; LVD, left ventricular diameter; LAD, left arterial
diameter; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure; CFR, coronary flow
reserve; SGLT-2 inhibitor, sodium-dependent glucose transporters 2 inhibitor; GLP-I1RA, glucagon-like peptide-I receptor agonist.

When evaluated as continuous parameters within multivariable regression models following comprehensive adjust-
ment for confounding variables, FBS and HOMA-IR concentrations failed to demonstrate independent associations with
CMVD.

Discussion
The main finding of this study reveals an association between elevated insulin levels and reduced coronary flow reserve.
Hyperinsulinemia is an independent risk factor of coronary microvascular disease.

Myocardial ischemia stems not only from obstructive coronary artery disorders but also originates from coronary
microvascular dysfunction.'> While atherosclerotic plaque deposition and blockage of major coronary arteries define
occlusive coronary disease, CMVD arises from abnormalities in both structural integrity and functional capacity within

coronary microvessels. Emerging research suggests that microvascular impairment might represent an initial phase in
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Figure 2 Comparison of CFR in different groups.
Note: ** P<0.0] compared with high insulin group.

cardiovascular pathology development, with evidence indicating its potential emergence before or alongside athero-
sclerotic processes.'

Metabolic disorders including diabetes and prediabetes remain globally prevalent health concerns. Existing research
has established that diabetes contributes to impaired microvascular function. In a clinical investigation utilizing
dobutamine stress echocardiography for CFR measurement, Ahmari’s team observed significantly diminished CFR
levels in diabetic patients compared to non-diabetic individuals.'” Takei et al’s research demonstrated that OGTT-
triggered transient hyperglycemia significantly reduced CFR in individuals without preexisting diabetes mellitus or
cardiovascular disorders.'® Recent evidence demonstrates that obesity is associated with coronary micovascular disease,
which is mediated by viscarel adipose tissue and inflammation.'”

Hyperinsulinemia represents a prevalent condition among individuals with diabetes and prediabetic states. While
certain researchers propose insulin resistance as the triggering mechanism for hyperinsulinemia, alternative perspectives
posit it as an underlying pathology.'® Previous investigations have documented elevated MACE incidence in

Table 3 Logistic Regression of Occurrence of CMVD in Patients with Chest Pain

Univariate Analysis P value | Multiple Analysis P value

Coefficient (95% CI) Coefficient (95% CI)
Diabetes 1.961 (1.170-3.287) 0.011 1.920 (1.049-3.513) 0.034
Hyperinsulinemia 2.680 (1.613—4.454) 0.000 2.279(1.046—4.967) 0.032
(T3, FINS>12.4p1U/mL)
FBS 0.868(0.737-1.023) 0.091 0.845(0.658—1.085) 0.187
FINS 1.092(1.044-1.142) 0.000 1.124 (0.953-1.326) 0.165
HbAlc 1.127 (0.821-1.547) 0.461 - -
HOMA-IR 1.225 (0.821-1.547) 0.008 0.779 (0.439-1.382) 0.393
BMI 0.952 (0.880-1.031) 0.226 - -
Smoking history 1.037(0.587-1.831) 0.900 - -
Hypertension 2.237(1.332-3.759) 0.002 1.746(1.013-3.007) 0.045
Age 1.043(1.013-1.074) 0.005 1.036(1.005-1.069) 0.024
Gender (female) 4.698 (2.615-8.439) 0.000 3.218 (1.858-5.572) 0.001
LDL-C 0.860 (0.659-1.128) 0.280 - -
HDL-C 0.767 (0.718-1.276) 0.957 - -
LVEF 0.988(0.968—1.009) 0.256 - -

Abbreviations: CMVD, coronary microvascular disease; Cl, confidence interval; FBS, fasting blood sugar; FINS, fasting
insulin; HbAlc, Glycosylated Hemoglobin; HOMA-IR, homeostasis model assessment for insulin resistance; BMI, body
mass index; LDL-C, low density lipoprotein-cholesterol; HDL-C, high-density lipoprotein cholesterol; LVEF, left
ventricular ejection fraction;
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Multipul Logistic regression

3 OR 95%Cl P value
Diabetes - —_ 1.92 1.049-3.513  0.034
Hyperinsulinemia 3 i 2279 1.046-4.967 0.032
FBS-H HH 0.845  0.658-1.085 0.187
FINS{  oH 1124  0.953-1.326  0.165
HOMA-R- +—f—i 0.779 0.439-1.382  0.393
Hypertension - . R— 1.746 1.013-3.007 0.045
Age- - 1.036 1.005-1.069  0.024
Female - : s 3.218 1.858-5.572 0.001

o 1 2 4 6

OR

Figure 3 Multivariate logistic regression analysis for coronary microvascular disease.

hyperinsulinemic patients with obstructive coronary artery disease, though no prior studies specifically examined its
microvascular implications in CMVD populations.'® Our investigation revealed significantly greater CMVD prevalence
among hyperinsulinemic subjects compared to those with normal insulin levels. To our knowledge, this constitutes the
inaugural exploration of hyperinsulinemia-CMVD correlations. The findings indicate a robust association between
hyperinsulinemia and reduced coronary flow reserve, suggesting this metabolic abnormality may serve as an independent
contributor to microvascular endothelial dysfunction.

While the precise mechanisms linking CMVD with hyperinsulinemia remain partially unclear, emerging evidence
suggests endothelial dysfunction plays a mediating role. Elevated insulin levels have been shown to induce oxidative
stress and inflammatory responses within both macrophages and vascular endothelial cells.”® This pathological process
stimulates the release of pro-inflammatory mediators including various cytokines and interleukins, which collectively
contribute to endothelial impairment.*' Furthermore, hyperinsulinemic conditions impair nitric oxide (NO) synthesis -
a critical regulator of endothelium-dependent vasomotor function. Prior research from our team demonstrated that
hyperinsulinemia downregulated phosphorylation of eNOS, PI3-K and Akt in endothelial progenitor cells.” As
a result, hyperinsulinemia reduced NO paracrine ability of endothelial progenitor cells.

Insulin-stimulated excessive growth of vascular smooth muscle cells (VSMCs) could represent a potential contribut-
ing factor to coronary microvascular impairment.”? Research has demonstrated that coronary microvessels may exhibit
inward hypertrophic remodeling patterns during the development of coronary microvascular disease in type 2 diabetes
and metabolic syndrome. Furthermore, these structural alterations in microvascular architecture might progressively
compromise blood flow regulation within myocardial tissue.

Jin et al investigated the pathological mechanisms of vascular intimal thickening through a type 2 diabetic murine
model. Their research demonstrated that insulin administration significantly enhanced aortic smooth muscle cell
proliferation and migratory capacity via CDKN2B-AS1 overexpression.”® This finding suggests that elevated insulin
levels potentially exacerbate post-traumatic neointimal formation and contribute to arterial wall rigidity following
vascular endothelial damage.

Limitations

The current study presents several limitations. The primary limitation arises from its retrospective design, which
introduced potential selection bias due to incomplete medical records, ultimately restricting participant numbers. The
interpretations of this study need more cautious given its retrospective design. A second methodological gap concerns the
absence of follow-up for CMVD patients. Existing evidence identifies compromised coronary microvascular function as
a robust predictor of adverse clinical outcomes, yet our study did not assess potential correlations between hyperinsu-
linemia and prognostic trajectories in CMVD populations. The third limitation arises from its single-center setting and
absence of external validation. Future prospective and multi-center studies should prioritize extended observation periods
to clarify insulin resistance’s role in determining clinical progression for these patients.
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Conclusions
The investigation revealed an association between elevated insulin concentrations and occurrence of coronary micro-

vascular disease. Hyperinsulinemia may serve as a critical contributing element in the development of coronary

microvascular pathophysiology, suggesting potential metabolic mechanisms underlying vascular endothelial impairment.
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