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Aim: This investigation aims to assess the predictive value of the glycemic dispersion index (GDI), calculated by incorporating
glycated hemoglobin, fasting plasma glucose, and 2-hour postprandial plasma glucose, in predicting major adverse cardiovascular
events (MACE) within a 12-month timeframe for diabetic patients with concomitant acute coronary syndrome (ACS).

Methods: A retrospective study was conducted on 3261 diabetic patients with ACS who were hospitalized in the Department of
Cardiology, the Sixth Affiliated Hospital of Kunming Medical University, from January 2016 to July 2022. Based on the inclusion and
exclusion criteria, 512 patients were ultimately enrolled in the study. Their general information and laboratory test indicators were
collected, and the occurrence of MACE within 12 months after admission was followed up and recorded for the enrolled patients, With
the last follow-up having been concluded on July 31, 2023. The enrolled patients were stratified into four groups (Q1, Q2, Q3, Q4)
based on their GDI values, from the lowest to the highest. Cox proportional hazards regression analysis and Kaplan-Meier survival
analysis were employed to investigate the risk factors associated with MACE occurrence across these groups and to assess the
cumulative risk of MACE over time within each group.

Results: The percentages of enrolled patients experiencing MACE in groups Q1 to Q4 were 10.16%, 12.50%, 15.63%, and 16.41%,
respectively. GDI independently predicted the hazards for MACE in enrolled patients. The cumulative risk of MACE over time was
considerably more significant in those with a GDI>4.21 than those with a GDI<4.21.

Conclusion: The elevated GDI is correlated with an augmented risk of MACE in diabetic patients with concomitant ACS, thereby
serving as an early indicator for assessing the unfavorable clinical prognosis of patients. This study offers novel insights into glycemic
variability monitoring, enhancing prevention and treatment strategies for cardiovascular disease in people with diabetes.
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Introduction

On December 6, 2021, the International Diabetes Federation released the “2021 IDF Global Diabetes Atlas (10th edition)”,
stating that approximately 537 million people with diabetes aged 20—79 globally. It is estimated that about 6.7 million adults die
from diabetes or its complications.' Cardiovascular disease is the most common cause of death among individuals with diabetes,
accounting for 52% of deaths in individuals with type 2 diabetes and 44% in those with type 1 diabetes.”> Meanwhile, ACS
represents a highly critical acute clinical subtype among them. ACS exhibits significant clinical variations, and even among
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patients discharged from the hospital after excluding ACS based solely on cardiac biomarkers and electrocardiography, there is
still a 3% to 5% occurrence of myocardial infarction. The mortality rate for ACS patients within one month of discharge is 8.6%,
which increases to 13.3% within one year.’ Therefore, it is crucial to predict the risk of MACE in diabetic patients with
concomitant ACS at an early stage and to promptly and accurately screen high-risk patients. Despite the incomplete under-
standing of the pathogenesis of ACS, research findings suggest that high concentrations of glucose in diabetic patients can
participate in the pathological process of coronary endothelial injury through multiple signaling pathways, including protein
kinase C, protein kinase B, NF-xB, and mitogen-activated protein kinase signaling pathways. Oxidative stress and pro-
inflammatory mediators can serve as inducers to activate these pathways.* High concentrations of glucose can intensify oxidative
stress by enhancing metabolic pathways that involve diacylglycerol, protein kinase C, NADPH oxidase, and reactive oxygen
species.” This enhancement triggers a prothrombotic state and an increase in inflammatory mediators, which in turn accelerates
the formation and rupture of coronary atherosclerotic plaques.® The currently clinically commonly used coronary artery lesion
complexity scoring system, SYNTAX, is an essential tool for selecting revascularization strategies and performing risk
stratification for patients with coronary heart disease. The SYNTAX score calculates a patient’s score based on anatomical
characteristics of coronary artery lesions, including location, severity, bifurcation, calcification, and so on. A higher score
indicates a more complex coronary artery lesion, with a corresponding increase in surgical difficulty and risk.” Furthermore,
epidemiological investigations have revealed that the SYNTAX score is independently and positively correlated with elevated
glycemic variability. High-frequency and high amplitude glycemic variability are related to the severity of coronary artery
disease.” The foundational experiments have also confirmed that high-frequency and high-amplitude glycemic variability have
a more detrimental effect on coronary arteries than chronic persistent hyperglycemia.” NADPH oxidase is activated to a greater
extent by high-amplitude glycemic variability than by sustained hyperglycemia, leading to increased ROS production,’ and is
also closely associated with plaque burden, thus promoting endothelial injury and plaque rupture in coronary arteries.'® High-
frequency and high-amplitude glycemic variability are some of the important risk factors leading to the occurrence of MACE in
diabetic patients with concomitant ACS. Therefore, besides monitoring traditional risk factors such as blood pressure, blood
glucose, and lipid levels, monitoring glycemic variability in diabetic patients with concomitant ACS is an essential approach to
improve screening efficiency and early prevention of MACE occurrences.

Although clinical studies have confirmed that the standard deviation of blood glucose levels and the average amplitude of
glycemic variability are strong independent predictors of the risk of MACE in diabetic patients,''"'> However, it remains
challenging for diabetic patients to lower the occurrence of MACE through monitoring glycemic variability, the main reason
is that the current mainstream methods of monitoring glycemic variability are continuous glucose monitoring devices and
self-blood glucose monitoring, which are both complex to operate, expensive, and involve complex evaluation indicators,'*'*
these factors have led to low clinical utilization rates of continuous glucose monitoring devices among diabetic patients. Poor
compliance with self-blood glucose monitoring methods among elderly diabetic patients.'> Furthermore, a significant portion
of diabetic patients have not received effective monitoring of their glycemic variability. Therefore, in our previous research,
our research group calculated a clinically applicable screening index for abnormal glycemic variability called the glycemic
dispersion index (GDI) by combining glycated hemoglobin Alc (HbAlc), fasting plasma glucose (FPG) and 2-hour
postprandial plasma glucose (2hPG). Previous research conducted by our research group has confirmed the high screening
efficiency of this index for abnormal glycemic variability.'® Moreover, compared to traditional methods for monitoring
glycemic variability, this index is more accessible to operate and more suitable for regular monitoring of glycemic variability
in diabetic patients. Although this index can be a simplified alternative to traditional glycemic variability evaluation
indicators, it remains unclear whether it can act as an independent predictor for the risk of MACE in diabetic patients with
concomitant ACS. Therefore, this study conducted a 12-month follow-up on 512 diabetic patients with concomitant ACS to
evaluate whether the GDI has predictive value for the risk of MACE occurrence in this patient population.

Research Design and Methods
Study Subjects

Study population: 3261 diabetic patients with concomitant ACS who were hospitalized in the Department of Cardiology
of the Sixth Affiliated Hospital of Kunming Medical University from January 2016 to July 2022 were selected as study
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participants. All patients met the diagnostic criteria for ACS recommended in the 2016 ACC/AHA guidelines'” and the
diagnostic and classification criteria for diabetes released by the American Diabetes Association in 2018.'% A total of
2749 patients were excluded based on the exclusion criteria (Figure 1): (1) 2579 patients with missing data on HbAlc,
FPG, or 2hPG; (2) 25 patients diagnosed with severe valve disecases or myocardial diseases; (3) 34 patients with
concomitant malignant tumors; (4) 68 patients with CKD stages G3a-G5; and (5) 43 patients lost to follow-up during
the study. The final follow-up was completed on July 31, 2023, through telephone interviews, clinical visits, and hospital
records for all enrolled patients.

Clinical Data and Laboratory Indicators

The patient’s gender, age, smoking history, history of hypertension, history of myocardial infarction/stroke, history of
percutaneous coronary intervention (PCI)/coronary artery bypass grafting (CABG), body mass index (BMI) measured on
admission, systolic blood pressure (SBP), diastolic blood pressure, heart rate (HR), and any clinical symptoms of acute
coronary syndrome occurring 24 hours before admission, including ST-elevation myocardial infarction (STEMI), non-ST
-segment elevation myocardial infarction (NSTEMI), and unstable angina (UA), were collected through the patient’s
medical records on admission.

The FPG, HbAlc, 2hPG, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine (CREA), total
cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), creatine kinase-MB
(CK-MB), high-sensitivity troponin T (hs-cTnT), homocysteine (HCY), N-terminal pro-B-type natriuretic peptide (NT-
proBNP), high-sensitivity C-reactive protein (hs-CRP), hemoglobin (HGB), white blood cells (WBC), and red blood cells
(RBC) detected after the patient’s admission was recorded.

GDI Formula and Study Subject Grouping

In our preliminary study, we have validated the area under the curve (AUC) of GDI for screening abnormal glycemic variability
using ROC curve analysis and Pearson correlation analysis. The AUC was found to be 0.901 (95% CI: 0.856-0.945), with
a sensitivity of 0.781 and a specificity of 0.905. Based on the sensitivity and specificity of each point on the ROC curve graph, we

January 1, 2016 - July 31, 2022
A total of 3261 patients with diabetes
and accompanying ACS

2749 patients were excluded for the following reasons:
1. Lack of HbA1c, FBG, or 2hPG data: 2579 cases
2. Diagnosed with severe valvular disease or cardiomyopathy:

v

25 cases

3. Concurrent malignant tumors: 34 cases

4. Stage G3a-G5 renal function (CKD staging system): 68 cases
5. Lost to follow-up during the study period: 43 cases

A4

A total of 512 study subjects were finally included in the analysis

[

The study subjects were grouped based on The study subjects were grouped based on
their GDI values from lowest to highest. the cut-off value of GDI (4.21).
N N N l l
Quartile 1 Quartile 2 Quartile 3 Quartile 4 GDI<.4.21 GDI>4.21
1.01-3.02 3.04-4.49 4.73-6.59 7.96-16.49 N=109 N=403

Figure | Flowchart of the study population.
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calculated Youden’s index (sensitivity + specificity - 1) for each point. The cut-off value was determined by selecting the point
with the highest Youden’s index, resulting in a final cut-off value of 4.21."° This calculation was performed using SPSS Statistical
Software version 24.0.

The GDI calculation formula is as follows:

GDI :\/ (FPG — eAG)*+(2hPG — eAG)?

eAGumo/i= 1.59 x HAb1c%—2.59

The patients’ FPG, 2hPG, and HbA 1¢ values are inputted into the following formula to calculate the GDI value for each
patient. Based on the GDI levels from low to high, the patients are grouped into quartiles, namely Q1, Q2, Q3, and Q4
groups. According to the GDI cut-off value of 4.21, they are further divided into GDI < 4.21 group and GDI > 4.21

group.

Follow-Up of Study Subjects

Following discharge, the enrolled patients were followed up, and the occurrence of MACE within 12 months was
recorded. MACE includes all-cause mortality (cardiac and non-cardiac), non-fatal myocardial infarction, non-fatal stroke
(ischemic and hemorrhagic), cardiogenic shock, heart failure, and coronary revascularization.

Statistical Analysis

Continuous variables are presented as mean + standard deviation or median [Q1, Q3], while categorical variables are
presented as n%. Essential demographic characteristics among groups were compared using ANOVA, Kruskal-Wallis
test, and Pearson chi-square test. COX proportional hazards regression analysis was employed to identify risk factors for
the occurrence of MACE, and Kaplan-Meier survival analysis was used to analyze the cumulative risk of MACE among
different GDI groups. A p-value <0.05 was considered statistically significant. The statistical analysis was performed
using SPSS Statistical Software 24.0.

Result

Comparison of Patient Clinical Data and Laboratory Indices

The number of individuals in the MACE and non-MACE groups is 70 and 442, respectively. The GDI values of patients
in the MACE group were higher than those in the non-MACE group (Figure 2). The median values of GDI for the
MACE and non-MACE groups were 5.43 (3.39-7.89) and 4.49 (2.96-6.51), respectively. The study subjects were
divided into four groups (Q1, Q2, Q3, Q4) based on ascending GDI values. The proportions of MACE occurrence in Q1
to Q4 groups are 10.16%, 12.50%, 15.63%, and 16.41%, respectively. The differences in GDI, SBP, DBP, WBC, hs-CRP,
and FPG among the four groups were statistically significant (P<0.05). The hs-CRP and FPG values of patients in the Q4
group were significantly higher than those in the Q1 to Q3 groups, while there was no significant trend in SBP, DBP, and
WBC levels among the groups. The between-group differences in other clinical data were not statistically significant
(P>0.05) (Table 1).

Risk Factor Analysis for the Occurrence of MACE Within |2 Months in Diabetic
Patients with Concomitant ACS

A univariate analysis using COX proportional hazards regression revealed that risks associated with MACE included Hs-
CRP, admission clinical symptoms of STEMI, and UA (P<0.05). After adjusting for confounding factors, the multivariate
Cox proportional hazards regression analysis showed that GDI, STEMI, TC, TG, LDL, and Hs-CRP independently
predicted the risk of MACE occurrence in diabetic patients with concomitant ACS (P<0.05) (Table 2). Kaplan-Meier
survival analysis was utilized to compare the occurrence of endpoint events during the follow-up period among patients
in the Q1 to Q4 groups. The analysis results indicated that, as time progressively extended, the cumulative risk of MACE
in the Q3 and Q4 groups steadily surpassed that of the Q1 and Q2 groups (Figure 3A). Based on previous studies, the cut-
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Figure 2 Comparison of GDI Values between Non-MACE Group and MACE Group.

off value of the GDI for screening abnormal glycemic variability was determined to be 4.21. The study subjects were
divided into two groups: a GDI<4.21 group and a GDI>4.21 group. Kaplan-Meier survival analysis revealed that the
cumulative risk of MACE was significantly higher in the GDI>4.21 group compared to the GDI<4.21 group (Log-rank
¥2=4.406, P=0.036) (Figure 3B).

Discussion

The China Cardiovascular Disease Care Collaborative (CCC) project has shown that the prevalence of diabetes and
prediabetes among patients with ACS is as high as 37.6%. Furthermore, ACS patients with comorbid diabetes or
prediabetes have a 1.5-fold increased risk of MACE and a 2-fold increased risk of all-cause mortality.'” The 2017
European Society of Cardiology (ESC) Guidelines for the management of ST-elevation myocardial infarction (STEMD*
and the 2020 ESC Guidelines for the management of non-ST-elevation acute coronary syndromes (NSTE-ACS)*' both
recommend risk stratification of patients with Acute Myocardial Infarction (AMI). Early risk stratification is of
significant importance for selecting optimal secondary prevention medications. Currently, the primary risk model for
predicting MACE in patients with ACS is the Global Registry of Acute Coronary Events (GRACE) score.> However,
there is currently no risk assessment model designed explicitly for predicting MACE in ACS patients with comorbid
diabetes. Additionally, when the GRACE score is used in the diabetic population, it lacks laboratory markers that reflect
inflammation, oxidative stress, and other pathophysiological aspects related to metabolic diseases,*? and its predictive
accuracy is insufficient to provide timely and accurate clinical evidence for drug intervention. Therefore, it is of great
significance to identify objective indicators that reflect the prognosis of diabetic patients with concomitant ACS and
utilize them to screen the risk of MACE occurrence, and this will provide meaningful guidance for clinical treatment and
improve patient outcomes.

Research shows that in the diabetic population, high-frequency and high-amplitude glycemic variability enhances
oxidative stress, triggering an intensified inflammatory response that exacerbates endothelial damage within blood
vessels. This damage to the coronary endothelium may even be more severe than the damage caused by persistent
hyperglycemia.® ' The results of the study conducted by Lim S** suggest that higher glycemic variability is
a significant risk factor for MACE in diabetic patients. Sungha Park®* found that higher glycemic variability during
hospitalization was associated with all-cause mortality within one year in diabetic patients with comorbid cardiovascular
disease.
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Table | Comparison of Patient Clinical Data and Laboratory Indices

Variable Total Population Quartile | Quartile 2 Quartile 3 Quartile 4 p-value
n=512 n=128 n=128 n=128 n=128
GDI (range) 4.49 (2.97-6.59) 2.05 (1.52-2.64) 3.81 (3.454.20) 5.38 (4.96-5.83) 8.56 (7.47-9.96) 0.000
Age (years) 62.19£10.78 61.75+10.44 61.82+11.48 61.78+10.23 63.85+10.56 0.443
Physical examination
BMI (kg/m?) 24.78+9.29 24.88+2.67 26.34x18.16 24.05+2.82 23.83+2.92 0.132
HR (bpm) 81.22+15.42 81.87+16.18 79.91+14.57 80.03+14.13 82.11x16.10 0.386
SBP (mmHg) 131.58+22.70 132.45£22.19 129.21£23.48 127.91£22.47 136.16£21.49 0.026
DBP (mmHg) 80.76+14.41 82.06+14.54 77.87+13.22 79.56x14.31 83.08+15.29 0.017
Laboratory data
TC (mmol/L) 4.27x1.18 4.32+1.09 4.11%1.14 4.34%1.16 4.36%1.31 0.383
TG (mmol/L) 1.68 (1.12-2.67) 1.79 (1.26-2.96) 1.71 (1.12-2.69) 1.63 (1.12-2.55) 1.62 (1.02-2.84) 0.790
HDL (mmol/L) 1.06+0.28 1.04+0.26 1.04+0.28 1.07+0.27 1.07£0.32 0.728
LDL (mmol/L) 2.48+0.94 2.51+0.90 2.32+0.96 2.54+091 2.60+1.00 0.222
CK-MB (U/L) 2.46 (1.544.32) 2.51 (1.48-4.37) 2.20 (1.48-3.63) 2.34 (1.544.27) 3.00 (1.68-5.03) 0.787
NT-proBNP (pg/mL) 666.80 (202.40-1718.50) 579.70 (187.60-1447.75) 562.20 (151.95-1480.00) 700.95 (223.33-1469.50) 1011.00 (310.43-2882.00) 0.115
WBC (x10%) 8.70+3.17 8.66+3.16 8.81+3.21 8.30+3.00 8.86+3.06 0.000
RBC (x10'?) 4.59+0.61 4.62+0.64 4.57+0.61 4.62+0.56 4.61£0.58 0.253
HGB (g/L) 126.38+44.16 131.60+38.81 124.28+47.63 126.32+45.66 124.42+45.18 0.953
Hs-CRP (mg/L) 4.47 (1.57-19.05) 421 (1.50-13.33) 3.20 (1.07-27.71) 4.17 (1.52-14.31) 8.02 (2.27-29.47) 0.013
ALT (u/L) 30.00 (19.00—48.00) 32.00 (21.00—48.00) 28.50 (19.0045.75) 26.50 (18.00—47.00) 28.00 (16.75-51.00) 0.557
AST (u/L) 42.00 (22.00-133.00) 43.50 (24.00-128.75) 37.00 (20.00-115.00) 43.50 (21.00-132.25) 44.00 (24.00-171.00) 0.384
CREA (umol/L) 77.00 (62.00-99.00) 74.50 (59.75-99.00) 77.00 (62.25-95.00) 76.00 (64.00-90.75) 79.50 (63.50-114.25) 0.266
hs-cTnT (ng/L) 0.71 (0.04-2.44) 0.71 (0.02-2.63) 0.48 (0.15-2.41) 0.96 (0.17-2.25) 0.79 (0.07-2.76) 0.326
HCY (umol/L) 14.80 (12.40-17.90) 14.80 (12.10-18.33) 14.80 (12.53-16.60) 14.45 (12.25-18.38) 14.8 (12.55-18.40) 0.603
FPG (mmol/L) 10.38+4.34 9.19+£2.90 9.62+3.41 10.37+3.87 12.11£5.59 0.000
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Clinical presentation

STEMI (n%) 51.37 5391 47.66 56.25 47.66 0.397
NSTEMI (n%) 19.73 21.09 26.56 14.84 16.41 0.080
UA (n%) 28.90 25.00 25.78 2891 35.94 0.200

Medical history

Previous Stroke, (n%) 53.71 56.25 53.13 55.47 50.00 0.704
Hypertension (n%) 3242 31.25 2891 39.06 30.47 0.308
PCI/CABG (n%) 87.11 82.03 87.50 90.63 88.28 0.210
Previous MI/Stroke (n%) 79.49 74.22 7891 84.38 80.47 0.245

Notes: Parameter are presented as mean * standard deviation (SD), median [QI, Q3], or percentage.

Abbreviations: GDI, glycemic dispersion index; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; CK-MB, creatine kinase-MB; NT-proBNP: N-terminal pro-B-type natriuretic peptide; WBC, white blood cell count; RBC, red blood cell count; HGB, hemoglobin; hs-CRP, high-sensitivity C-reactive protein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; CREA, creatinine; hs-cTnT, high-sensitivity cardiac troponin T; HCY, homocysteine; FPG, fasting plasma glucose; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation
myocardial infarction; UA, unstable angina; PCl, percutaneous coronary intervention; CABG, coronary artery bypass graft.
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Table 2 Independent Predictors of MACE

Variable Univariate p-value Multivariate Adjusted p-value

HR (95% CI) HR (95% CI)

GDI (range) 1.059 (0.992-1.131) 0.087 1.133 (1.055-1.216) 0.001

Age (years) 0.996 (0.975-1.018) 0.741

Physical examination

BMI (kg/m2) 0.999 (0.972-1.027) 0.929

HR (bpm) 0.993 (0.977-1.008) 0.338

SBP (mmHg) 1.005 (0.995-1.015) 0316

DBP (mmHg) 1.011 (0.996-1.027) 0.660

Laboratory data

TC (mmol/L) 0.978 (0.797-1.199) 0.827 2.064 (1.283-3.321) 0.003

TG (mmol/l) 1.005 (0.936—1.080) 0.883 0.838 (0.728-0.965) 0.014

HDL (mmol/L) 1.333 (0.590-3.010) 0.480

LDL (mmol/L) 0.811 (0.624-1.055) 0.119 0.364 (0.205-0.648) 0.001

CK-MB (U/L) 1.001 (0.995-1.007) 0.693

NT-proBNP (pg/mL) 1.000 (1.000-1.000) 0.353

WBC (x10%) 0.972 (0.899-1.051) 0.476

RBC (x10'%) 1.101 (0.749-1.619) 0.624

HGB (g/L) 0.996 (0.992-1.001) 0.113

ALT (u/L) 0.991 (0.981-1.002) 0.104

AST (u/L) 0.999 (0.997-1.001) 0.273

CREA (umol/L) 0.999 (0.996-1.002) 0.497

hs-cTnT (ng/L) 1.000 (1.000-1.000) 0.965

HCY (umol/L) 0.986 (0.956—1.018) 0.392

FPG (mmol/L) 0.961 (0.906—1.020) 0.191 0.943 (0.885-1.005) 0.069

Clinical presentation

STEMI (n%) 1.643 (1.011-2.667) 0.045 2.166 (1.038-3.587) 0.003

NSTEMI (n%) 1.035 (0.576—1.859) 0.908

UA (n%) 0.487 (0.262-0.907) 0.023

Medical history

Previous Stroke (n%) 0.953 (0.595-1.525) 0.840

Hypertension (n%) 1.172 (0.719-1.910) 0.525

Past PCI/CABG (n%) 0.874 (0.478-1.596) 0.661

Previous MI/Stroke (n%) 0.858 (0.411-1.791) 0.683
Abbreviations: GDI, glycemic dispersion index; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CK-MB, creatine kinase-MB;
NT-proBNP: N-terminal pro-B-type natriuretic peptide; WBC, white blood cell count; RBC, red blood cell count; HGB, hemoglobin; hs-
CREP, high-sensitivity C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CREA, creatinine; hs-cTnT, high-
sensitivity cardiac troponin T; HCY, homocysteine; FPG, fasting plasma glucose; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-
elevation myocardial infarction; UA, unstable angina; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.
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Figure 3 Kaplan-Meier survival analysis for MACE occurrence within 12 months in diabetic patients with concomitant ACS; (A) Divided into groups from low to high
according to GDI level; (B) Divided into groups according to the cut-off value of GDI (4.21).

Therefore, based on previous literature reports and our preliminary validation results on the effectiveness of GDI in
screening abnormal glycemic variability, we believe that GDI screening for abnormal glycemic variability has good
efficacy and can be used as a predictive factor for the risk of MACE in diabetic patients with ACS.

In this study, the GDI values of patients in the MACE group were analyzed and compared to those in the non-MACE
group. It was observed that the median, upper quartile, and lower quartile of the GDI values in the MACE group were
higher than those in the non-MACE group. Subsequently, the study population was divided into four groups based on the
ascending order of their GDI values, ranging from low to high. The incidence of MACE gradually increased from the
first group to the fourth group, indicating a progressive rise in MACE occurrence with increasing GDI values.
Multivariable COX proportional hazards regression was used to investigate whether GDI is a risk factor for MACE in
diabetic patients with concomitant ACS. Results revealed that GDI, STEMI, TC, TG, LDL, and Hs-CRP could
independently predict the risk of MACE occurrence in diabetic patients with concomitant ACS.

Moreover, GDI, STEMI, and TC are identified as risk factors for the occurrence of MACE. However, the study results
showed that TG, LDL, and Hs-CRP are protective factors, which is inconsistent with conventional beliefs. In the studies
conducted by Subin Lim** and Marjo Okkonen,” inverse relationships between plasma lipids and the risk of MACE
occurrence were also observed. Some scholars believe that this may be related to higher cardiovascular disease prevention
and treatment awareness among patients with elevated plasma lipid levels. Our research group believes that although the lipid
infiltration theory has been recognized as an essential mechanism in the development of coronary artery disease, the
widespread use of lipid-lowering drugs has made plasma lipid levels no longer reflect the actual lipid metabolism status of
patients. Therefore, coronary heart disease risk assessment models such as China-PAR Project®® and UK QRISK? do not
include any plasma lipid-related laboratory parameters but only consider “the use of lipid-lowering drugs” as an assessment
factor. These phenomena may be influenced by lipid substances such as small dense LDL*® and remnant lipoprotein

cholesterol,?’

which have been proposed in recent years. The specific mechanisms behind these effects require further in-
depth research in the future.

Regarding the analysis of Hs-CRP as a protective factor for MACE in this study, our research group believes that although
Hs-CRP is a recognized cardiovascular disease biomarker. Many clinical studies consider it as an independent risk factor for

cardiovascular disease. Previous studies have focused on healthy individuals or sub-healthy individuals who have previously
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experienced ACS but were asymptomatic at the time of inclusion in the study cohorts.*® In contrast, the subjects of this study
are diabetes patients admitted for ACS occurrence. Research reports have shown that Hs-CRP levels in ACS patients are
significantly higher than those in stable angina patients and healthy individuals.’' Hs-CRP peaks on the second day after the
occurrence of ACS and is much higher than the reference value. Moreover, the relative variability of hs-CRP levels within
one year after ACS occurrence can reach up to 206.1%.%* Therefore, the Hs-CRP levels detected in this study may be
considerably higher than those of patients in non-stressful states, resulting in a contradiction between the research findings of
Hs-CRP in this study and traditional beliefs. It is worth noting that recent research has revealed the high variability of hs-CRP
even in asymptomatic and clinically stable ACS patients,** factors such as obesity, short-term temperature fluctuations,
genetic polymorphism of the angiotensinogen gene, as well as the expression levels of miR-27a and miR-329 in peripheral

33736 therefore, taking individual differences into account, continuous

blood monocytes, can all influence hs-CRP levels,
periodic monitoring of hs-CRP values and evaluating them based on the mean level of hs-CRP may potentially yield more
accurate assessment results in cardiovascular disease risk assessment.

In this study, GDI was identified as a simple screening index for abnormal glycemic variability. It was considered the
leading risk factor for the occurrence of MACE in diabetic patients with concomitant ACS in multivariate COX
proportional hazards regression. In Kaplan-Meier survival analysis, within the follow-up period, the cumulative risk of
MACE occurring within 12 months in the high GDI group gradually exceeds that of the low GDI group. Furthermore, the
abnormal GDI group demonstrates a significantly faster increase in the cumulative risk of MACE occurrence within 12
months than the normal GDI group, further confirming the close association between GDI and the risk of MACE
occurrence in diabetes patients with concomitant ACS.

In summary, when the GRACE score, Hs-CRP, and traditional lipid parameters are not suitable for evaluating the risk
of MACE occurrence in diabetes patients, the level of glycemic variability serves as an important indicator reflecting the
pathological levels of oxidative stress, inflammation, and other factors within the bodies of diabetes patients, close
monitoring of this level can help improve the prognosis of diabetes patients with concomitant ACS. In this study, the GDI
has been confirmed as an independent predictor for the occurrence of MACE within 12 months in diabetes patients with
concomitant ACS. Additionally, monitoring GDI values is simple, cost-effective, and demonstrates high clinical applic-
ability. Therefore, in clinical practice, paying attention to the GDI value of patients, along with their clinical symptoms
and physiological and biochemical indicators, and conducting a comprehensive assessment of the risk of MACE
occurrence in diabetes patients with concomitant ACS is crucial, early implementation of primary and secondary
preventive treatments holds significant importance in improving patient prognosis.

Limitations of This Study Include

This single-center observational study is limited by the singularity of data sources and potential data missing issues,
which may lead to selection bias and affect the reliability of the results. To validate and improve the quality of the
research, plans include conducting multi-center studies covering different regions and populations and employing multi-
source data validation strategies such as comparing Hospital Information Systems (HIS) and Electronic Medical Records
(EMR) to identify and correct missing or erroneous data. This approach aims to externally validate the current research
results and further explore the clinical value of GDI indicators in assessing the risk of diabetes-related complications,
such as diabetic nephropathy and diabetic retinopathy, in future research. Additionally, the current study only focuses on
the GDI indicators at the time of patient admission and lacks continuous dynamic monitoring throughout the treatment
process, which is also an area that needs improvement in future studies.

Abbreviations

GDI, glycemic dispersion index; MACE, major adverse cardiovascular events; ACS, acute coronary syndrome; BMI,
body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CK-MB, creatine kinase-MB; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; WBC, white blood cell count; RBC, red blood cell; HGB, hemoglobin; 2hPG,
2-hour postprandial plasma glucose; hs-CRP, high-sensitivity C-reactive protein; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CREA, creatinine; hs-cTnT, high-sensitivity cardiac troponinT; HCY, homocysteine; FPG,
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fasting plasma glucose; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction;
UA, unstable angina; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.
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