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Abstract

Background: Several biomarkers have been studied as prognostic indicators among people with diabetes and coro-
nary artery disease (CAD). The purpose of this study was to determine the prognostic value of neutrophil counts and 
the Gensini score in patients with diabetes and ACS undergoing percutaneous coronary intervention (PCI).
Methods: A total of 694 people with ACS and T2DM who simultaneously had elevated HBA1c received PCI. Spear-
man rank correlation estimates were used for correlation evaluation. Multivariate Cox regression and Kaplan-Meier 
analysis were used to identify characteristics associated with major adverse cardiovascular and cerebrovascular events 
(MACCEs) and patient survival. The effects of single- and multi-factor indices on MACCEs were evaluated through 
receiver operating characteristic curve analysis.
Results: The Gensini score and neutrophil count significantly differed between the MACCE and non-MACCE groups 
among patients receiving PCI who had concomitant ACS and T2DM with elevated HBA1c (P  <  0.001). The Gensini 
score and neutrophil count were strongly associated with MACCEs (log-rank, P  <  0.001). The Gensini score and neu-
trophil count, alone or in combination, were predictors of MACCEs, according to multivariate Cox regression analysis 
(adjusted hazard ratio [HR], 1.005; 95% confidence interval [CI], 1.002–1.008; P  =  0.002; adjusted HR, 1.512; 95% 
CI, 1.005–2.274; P  =  0.047, respectively). The Gensini score was strongly associated with neutrophil count (variance 
inflation factor ≥ 5). Area under the curve analysis revealed that the combination of multivariate factors predicted the 
occurrence of MACCEs better than any single variable.
Conclusion: In patients with T2DM and ACS with elevated HBA1c who underwent PCI, both the Gensini score and 
neutrophil count were independent predictors of outcomes. The combination of both predictors has a higher predict-
ability.
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Introduction

ACS includes non-ST-elevation myocardial infarc-
tion, ST-elevation myocardial infarction, and 
unstable angina [1]. Diabetes mellitus (DM) can 
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accelerate the progression of cardiovascular dis-
ease (CVD). The coronary artery lesions in patients 
with ACS and DM are complex. In addition, 
patients with concomitant ACS and diabetes have 
not only a higher all-cause mortality rate, but also 
a higher risk of stroke and myocardial  infarction 
(MI) than ACS patients without diabetes.

Several biomarkers have been investigated as 
prognostic indicators for patients with CHD and 
T2DM [2, 3]. The triglyceride-glucose index has 
been associated with CVD morbidity and mortality 
[4, 5]. To date, few biomarkers with high predictive 
value, such as natriuretic peptide (NP) for heart fail-
ure diagnosis and prognosis, and cardiac troponin 
(cTn) for diagnosing acute MI, have been identified 
[6]. Therefore, additional biomarkers with predic-
tive ability are needed for patients with CHD and 
T2DM.

Neutrophils are specialist innate immune 
response effector cells with crucial roles in the 
inflammatory response, particularly in vascu-
lar inflammation and healing [7]. In ACS, neu-
trophils are involved in thrombus formation and 
contribute to ischemia-reperfusion injury. The 
massive recruitment of neutrophils in the infarct 
zone expands the infarct size, and the altered phe-
notype of neutrophils is associated with ACS [8]. 
Because of its role as a distinct prognostic marker 
for CAD, the neutrophil-lymphocyte ratio has 
recently attracted substantial attention. Moreover, 
neutrophil extracellular traps have been associ-
ated with both venous and arterial thrombosis. 
Neutrophils are linked to the pathophysiology of 
CVDs. Therefore, we speculated that the number 
of neutrophils would be strongly associated with 
CVD prognosis. Moreover, compared with other 
prognostic factors for CVDs, neutrophil counts are 
simple and easy to obtain.

The Gensini score [9] is the only metric used to 
assess the severity of coronary stenosis. It is sim-
ple, based on valid evidence, and suitable for most 
patients with CAD, particularly those with ACS 
who are undergoing emergency PCI.

In this investigation, we examined the relevant 
data from patients with diabetes with ACS who 
underwent PCI, to determine whether the Gensini 
score and neutrophil count might be associated with 
patient prognosis.

Methods

Study Design and Participants

From December 2017 to December 2020, we stud-
ied patients with ACS and T2DM with high HBA1c 
who underwent PCI at Zhengzhou University’s 
First Affiliated Hospital (Henan, China).

ACS is currently recognized as an extremely severe 
clinical state induced by coronary atherosclerotic 
plaques, and is associated with  non-ST-elevation 
myocardial infarction, ST-elevation myocardial 
infarction, and unstable angina [1]. ACS is diag-
nosed in patients who have had prolonged resting 
angina for more than 20 minutes, fresh angina, 
chronic angina with recent worsening, or post-MI 
angina. ACS is characterized by electrocardiogram 
(ECG) alterations, including ST depression, transi-
tory ST elevation, and T-wave variations, as well as 
changes in cardiac enzymes [10].

ST-segment ECG changes involve an ST eleva-
tion of 1 mm in all leads other than leads V2–V3 
where the changes for men above 40 years of age, 
2.5 mm for men below 40 years of age, and 1.5 mm 
for women of various ages. When the size of the 
J-point elevation in leads V2 and V3 is consist-
ent with the prior ECG, a new J-point elevation of 
1 mm relative to the previous ECG is considered 
to indicate an ischemia response. The ECG reveals 
a horizontal or downsloping ST-depression of 
0.5 mm in two consecutive leads with a pronounced 
R wave or R/S ratio >1, with or without T inver-
sion exceeding 1 mm, thus indicating myocardial 
ischemia [11]. Arrhythmia is a condition in which 
the origin, frequency, rhythm,  conduction velocity, 
or sequence of cardiac impulses is aberrant.

After a qualitative and quantitative study of 
coronary atherosclerosis in all patients by coro-
nary angiography, we conducted PCI according to 
established procedures. All surgical choices were 
made by experienced interventional cardiologists 
on the basis of patient status, according to the tar-
geted 2007 update of the American College of 
Cardiology/American Heart Association/Society 
for Cardiovascular Angiography and Interventions 
2005 guidelines for PCI.

Patients can be diagnosed with diabetes if they 
have typical or critical hyperglycemia symptoms, 



Y. Xu et al., Combination of Neutrophil Count and Gensini Score as a Prognostic Marker 3

and their fasting plasma glucose exceeds 126 mg/dL 
(7.0 mmol/L), their oral glucose tolerance test (OGTT) 
2-hPG exceeds 200 mg/dL (11.1 mmol/L), their 
HbA1c exceeds 6.5%, or their random blood glu-
cose exceeds 200 mg/dL (11.1 mmol/L). The World 
Health Organization has recommended using a dose 
of 75 g of anhydrous glucose dissolved in water in 
OGTTs [9].

The inclusion and exclusion criteria for this study 
were based on previous research [12]. This research 
included participants older than 18 years who were 
free from any other high-output cardiac diseases 
or other conditions, such as hypertrophic cardio-
myopathy, pulmonary heart disease, congenital 
heart disease, etc., and who had complete clinical 
documentation.

After exclusion of 27 patients who were lost to 
follow-up, 694 participants participated in the trial. 
The Helsinki Declaration was strictly followed in 
this study, which received ethical approval from the 
Ethical Committee of Zhengzhou University’s First 
Affiliated Hospital. We also obtained written informed 
consent from each participant. The study design 
can be found at http://www.chictr.org.cn (identifier: 
ChiCTR-2200055450). To gather follow-up informa-
tion, we used medical records and/or telephone inter-
views. Figure 1 depicts the flowchart of our research.

Clinical and Demographic Characteristics

Blood samples were collected before PCI within 
24 hours of patient hospitalization. We collected 

Figure 1 Research Flowchart.

http://www.chictr.org.cn
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the patients’ personal information, such as sex, age, 
and illness history, as well as certain laboratory test 
results, such as HbA1c and LDL-c. We calculated 
the Gensini score according to coronary angiogra-
phy results.

Patient Groupings

We used the median as an indicator for grouping. 
The median neutrophil count was 4.545 × 109/L, 
and the median Gensini score was 72. On the 
basis of the median Gensini score (groups 1 and 2, 
Gensini score  <  72; groups 3 and 4, Gensini score ≥ 
72) and neutrophil count (groups 1 and 3, neutrophil 
count  <  4.545 × 109/L; groups 2 and 4, neutrophil 
count ≥ 4.545 × 109/L), the patients were divided 
into four groups. Among all participants, 202 were 
assigned to group 1 (low Gensini score + low neu-
trophil count), 145 were assigned to group 2 (high 
Gensini score + low neutrophil count), 147 were 
assigned to group 3 (low Gensini score + high neu-
trophil count), and 200 were assigned to group 4 
(high Gensini score + high neutrophil count). The 
patients were divided into two groups according 
to the presence (n  =  194) or absence (n  =  500) of 
MACCEs.

Clinical Endpoints and Follow-up

MACCEs included readmission for angina pecto-
ris, readmission for MI, coronary revasculariza-
tion, stroke, all-cause death, and transient ischemic 
attack. We followed patients via phone calls, 
emails, or outpatient visits. The study’s follow-up 
time varied from 1 to 36 months, with a median of 
23 months. Patients were followed until the trial 
ended if they had MACCEs; otherwise, they were 
followed until the study ended.

Statistical Analysis

SPSS version 26.0 and R software version 4.0.2 were 
both used for all analyses. We used the Kolmogorov-
Smirnov test and Mann-Whitney U test as non-par-
ametric methods. To ascertain whether quantitative 
variables had a normal distribution, we performed 
the Kolmogorov-Smirnov test. To examine differ-
ences between variables with non-normal distribu-
tions, we used the Mann-Whitney U test. The mean 

and standard deviation are used to express continu-
ous data. We used the Student t-test to discriminate 
between two groups of normally distributed data 
and analysis of variance to distinguish between 
more than two groups. The percentages represent 
categorical variables that were compared with the 
chi-square test. Using Pearson’s correlation coef-
ficient analysis, we investigated the link between 
neutrophil count and Gensini score. Multivariate 
Cox regression analysis was used to investigate the 
prognostic predictive value of the neutrophil count 
and Gensini score. Before developing the Cox 
model, we developed a univariate model for each 
predictor. Variance inflation factor ≥ 5 and signifi-
cant factors (P  <  0.05) were eliminated to analyze 
variables that were significantly associated with 
MACCEs. These parameters were investigated 
through multivariate Cox model analysis. The 95% 
confidence intervals (CIs) and hazard ratios (HRs) 
were calculated. The log-rank test was used to 
compare groups, and the Kaplan-Meier approach 
was used to assess the cumulative incidence of 
long-term outcomes. P  <  0.05 was considered to 
indicate statistical significance. For examining the 
prognostic values of risk factors, we constructed a 
receiver operating characteristic (ROC) curve. To 
assess the diagnostic efficacy of risk factors, we 
compared areas under the curves (AUC).

Results

Patients’ Baseline Clinical Features

This study enrolled 694 patients who were charac-
terized as having undergone PCI, and having both 
ACS and T2DM. We recorded the baseline data 
for the patients (Table 1). All patients were taking 
 clopidogrel or ticagrelor. The four groups’ age, ill-
ness duration, medication use, and other test results 
did not statistically significantly differ. In compari-
son to the other groups, group 4 had higher neu-
trophil count, LDL-C level, fasting blood glucose 
(FBG), cardiac enzyme level, use of oral anti- 
diabetic medications (OADs) + insulin, and fre-
quency of ECG ST segment alteration. The cardiac 
function of these patients was classified primarily 
as NYHA class I in groups 1 and 2, and class II in 
groups 3 and 4.
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Clinical Characteristics of Patients With 
and Without MACCEs

A total of 694 patients were enrolled, of whom 194 
experienced MACCEs and 500 did not. Patients 
with MACCEs had diabetes for longer periods of 
time than patients who did not. The MACCE group, 
compared with the non-MACCE group, showed 
substantially higher blood levels of WBC, neu-
trophils, BNP, and myocardial enzymes, and used 
much more insulin and antiplatelet medications, 
such as clopidogrel or ticagrelor (Table 2).

Risk Factors for MACCEs

Cox proportional hazards analysis was used to 
determine the risk variables for MACCEs in patients 
with diabetes with poor long-term glycemic control 
and ACS who underwent PCI (Table 3). Univariate 
analysis was used to analyze the data in Table 2 and 
identify the independent risk factors. Multivariate 
analysis was used to further analyze these variables 
and identify the predictors.

The univariate analysis indicated that serum cre-
atinine (sCR; HR, 1.003; 95% CI, 1.002–1.004; 
P  <  0.001), FIB (HR, 1.289; 95% CI, 1.105–1.502; 
P  =  0.001), FBG (HR, 1.109; 95% CI, 1.077–1.141; 
P  <  0.001), serum albumin (ALB; HR, 0.928; 95% 
CI, 0.900–0.957; P  <  0.001), TG (HR, 1.138; 95% CI, 
1.002–1.293; P  =  0.046), WBC (HR, 1.14; 95% CI, 
1.079–1.204; P  <  0.001), estimated glomerular filtra-
tion rate (eGFR; HR, 0.982; 95% CI, 0.976–0.988; 
P  <  0.001), neutrophil count (HR, 1.139; 95% CI, 
1.089–1.191; P  <  0.001), and the Gensini score (HR, 
1.007; 95% CI, 1.004–1.009; P  <  0.001) were posi-
tively correlated with MACCEs. High neutrophil 
counts plus high Gensini scores were found to be 
independent risk variables for MACCEs (HR, 2.136; 
95% CI, 1.609–2.835; P  <  0.001).

The Gensini score plus neutrophil count demon-
strated collinearity (variance inflation factor ≥ 5), 
whereas other risk variables did not.

After adjusting the covariates of Model 1 
the  following factors were significant associa-
tions with MACCEs: FBG (HR, 1.065; 95% CI, 
1.032–1.098; P  <  0.001), ALB (HR, 0.944; 95% 
CI, 0.915–0.975; P  <  0.001), TG (HR, 1.171; 95% 
CI, 1.018–1.347; P  =  0.028), eGFR (HR, 0.990; 
95% CI, 0.983–0.997; P  =  0.007), neutrophil count 

(HR, 1.123; 95% CI, 1.021–1.236; P  =  0.017), and 
Gensini score (HR, 1.005; 95% CI, 1.002–1.008; 
P  =  0.002).

The following variables were significantly associ-
ated with MACCEs in the  multivariate Cox analysis 
of model 2: sCr (HR, 1.002; 95% CI, 1.000–1.004; 
P  =  0.037), FBG (HR, 1.059; 95% CI, 1.022–1.098; 
P  =  0.001), ALB (HR, 0.948; 95% CI, 0.918–0.978; 
P  =  0.001), and eGFR (HR, 0.991; 95% CI, 0.984–
0.998; P  =  0.008). A higher risk of MACCEs was 
indicated by both a high Gensini score and a high 
neutrophil count (HR, 1.512; 95% CI, 1.005–2.274; 
P  =  0.047).

To analyze patients’ long-term survival, we per-
formed Kaplan-Meier survival analysis. The 3-year 
MACCEs differed significantly among the four 
groups (Figure 2). Patients with a high Gensini 
score combined with a high neutrophil count had 
the poorest survival (log-rank, P  <  0.001).

Effects of Gensini Score and Neutrophil 
Count on MACCE

We performed ROC curve analysis to determine 
whether the Gensini score and neutrophil count 
could be predicted in diabetic individuals with ACS 
and elevated HBA1c who underwent PCI. The 
Gensini score’s AUC was 0.646 (95% CI, 0.603–
0.689; P  <  0.001), whereas the neutrophil count’s 
AUC was 0.652 (95% CI, 0.605–0.698; P  <  0.001), 
and the combined AUC of the both predictors was 
0.699 (95% CI, 0.657–0.741; P  <  0.001; Figure 3).

Discussion

In early 2018, the prevalence of diabetes reached 
11% in China, not including people with undiag-
nosed diabetes [13]. Individuals with diabetes and 
ACS are currently considered distinct from ACS 
patients without diabetes because of their elevated 
risk of cardiovascular mortality [14, 15]. DM not 
only contributes to the occurrence of CVD, particu-
larly CAD, but also hastens progression of these 
diseases. Diabetes can exacerbate the magnitude of 
CAD and affect prognosis in people with ACS. In 
addition, patients with ACS with, rather than with-
out, diabetes have a greater risk of recurrent revas-
cularization, stroke, and myocardial infarction.
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A lack of glucose control in people with diabe-
tes and ACS leads to poorer prognosis. People with 
ACS who have uncontrolled glucose have a greater 
risk of ischemic stroke and vascular mortality 

than those with regulated glucose [16]. Moreover, 
patients who exhibit inadequate control of blood 
glucose, particularly those with poor long-term 
control who have been diagnosed with ACS, have 
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been found to have a notably elevated rate of ste-
nosis after PCI [17]. FBG, OGTT, and HbA1c are 
the currently used methods to diagnose diabetes, 
and are also prognostic indicators for patients with 
ACS and diabetes. FBG indicates immediate blood 
glucose readings at the time of testing but does not 
provide insight into overall glycemic control over 
an extended time period [18]. OGTT indicates the 
ability of a patient’s pancreatic beta cells to secrete 
insulin [19]. HBA1c, which represents a patient’s 
3-month average glucose level, has a strong pre-
dictive value for diabetes complications and is 
therefore widely used in the clinical evaluation of 
 glucose control. The current target for HBA1c is 7% 
for people with diabetes and CHD. [20]. However, 
HBA

1c
 is an indirect method for measuring aver-

age blood glucose and does not reflect fluctuations. 
Moreover, because its level is affected by certain 
diseases and drugs, it has inherent limitations as a 
biomarker. In patients with acute myocardial infarc-
tion, the stress-hyperglycemia ratio correctly cap-
tures the true acute hyperglycemia state, which is 
associated with poor short-term outcomes [21]. 
Most patients with ACS are in an acute stress state, 
in which HbA1c is not affected by stress-induced 
hyperglycemia, and FBG may show false positive 
results [22]. However, the chance of serious adverse 
cardiovascular events in patients with ACS within 
6 months is not predicted by HbA1c [22].

In this investigation, in patients with elevated 
HBA1c undergoing PCI, the neutrophil count and 
Gensini score were both found to be independent 
predictors of ACS and T2DM. Moreover, the com-
bination of the neutrophil count plus the Gensini 
score further increased the predictive value for 
MACCEs.

In the 694 included patients, we examined the con-
nection between MACCE prevalence and Gensini 
score. Our findings indicated that the Gensini score 
accurately predicted the outcomes of patients under-
going PCI who had both ACS and T2DM, as well 
as elevated HBA1c. According to Wang [23], the 
Gensini score can predict unfavorable outcomes for 
patients with CHD after PCI, particularly for those 
who also have diabetes and CHD.

The pathophysiology of atherosclerosis is influ-
enced by dyslipidemia, the immunological response, 
and inflammation [24]. Inflammation damages 
the vascular endothelium, thereby leading to the 

endothelial penetration of lipids. Subsequently, 
macrophages absorb plasma-derived lipopro-
teins and form foam cells, which in turn become 
atherosclerotic lesions. Insufficient clearance of 
apoptotic cells and foam cells leads to atheroscle-
rosis progression [25]. Regulatory T cells have anti- 
inflammatory properties and have been found to 
protect against atherosclerosis in experimental con-
ditions [26]. Therefore, abnormal lipid metabolism, 
abnormal function of immune cells, and inflam-
matory cytokine release are associated with CAD 
prognosis. Yang has demonstrated that MACCEs 
and MI in patients receiving PCI are independently 
predicted by the ratio of high-sensitivity C-reactive 
protein to albumin [27]. IL-1β is involved in pan-
creatic cell destruction and can be used to predict 
CVD risk in people with T2DM [28]. TNF-α has 
been implicated in insulin resistance, and found to 
contribute to atherosclerosis and heart failure [29]. 
Soluble tumorigenesis-2 suppression has been asso-
ciated with unfavorable cardiovascular outcomes 
in individuals with diabetes and CHD, thus dem-
onstrating tumorigenesis-2’s potential to serve as a 
biomarker [6]. Interleukin-33, vascular cell adhe-
sion molecule-1, oxidized LDL/LDL-C ratio [30], 
glycemic index, and glycemic load [31] can also be 
used to predict the prognosis of patients with diabe-
tes with CVD. A complete blood count [32] can be 
used as a biomarker to predict adverse outcomes in 
patients with CVD. Wan has discovered that neutro-
phil infiltration hastens the evolution of CAD and 
CHD in people with diabetes and is independently 
linked to CAD severity and prognosis [33, 34]. The 
neutrophil-to-lymphocyte ratio may predict CAD 
[35]. NETs are associated with venous and arterial 
thrombosis [31]. In patients with T2DM and inade-
quate glycemic control, lipid profiles in conjunction 
with levels of inflammatory cytokines can predict 
the prognosis of CVD, according to cohort research 
from the United States [36].

We also found a significant association between 
the incidence of MACCEs and neutrophil counts. 
Neutrophil counts are easier to obtain as a prognos-
tic factor than the aforementioned inflammatory fac-
tors. In patients with diabetes and ACS who received 
PCI, univariate analysis indicated that neutrophil 
count (HR, 1.139; 95% CI, 1.089–1.191; P  <  0.001) 
was an independent risk factor for MACCEs. After 
adjustment of model 1 for covariates, neutrophil 
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count (HR, 1.123; 95% CI, 1.021–1.236; P  =  0.017) 
remained a risk factor for MACCEs.

Only the Gensini score, among the other grading 
systems, can currently be used to evaluate the quan-
tity, distribution, and size of coronary artery lesions. 
It separates the coronary artery into several sec-
tions with various weighting factors. Patients may 
be accurately categorized with the Gensini score 
according to the functional importance of CAD, 
and patients with comparable levels of CAD can 
be matched. This score supports ongoing research 
on interobserver and intraobserver variability with 
microprocessor assistance. The Gensini score is 
now often used in clinical research. The Gensini 
score was identified in univariate analysis as a risk 
factor for MACCEs (HR, 1.007; 95% CI, 1.004–
1.009; P  <  0.001) in patients with concomitant 
ACS and T2DM undergoing PCI. After adjustment 
of model 1 for covariates, the Gensini score (HR, 
1.005; 95% CI, 1.002–1.008; P  =  0.002) remained a 
risk factor for MACCEs.

In addition, we studied the association between 
MACCEs and the combination of the Gensini score 
and neutrophil count in patients receiving PCI who 
had both ACS and T2DM. A high Gensini score 
and a high neutrophil count combined (HR, 2.136; 
95% CI, 1.609–2.835; P  <  0.001) were found to be 
independent risk factors for MACCEs in univariate 
analysis. An elevated risk of MACCEs was asso-
ciated with a high Gensini score and a high neu-
trophil count (HR, 1.512; 95% CI, 1.005–2.274; 
P  =  0.047).

In conclusion, we were able to forecast the 
potential outcomes of patients who had PCI with 
concurrent ACS and uncontrolled T2DM by using 
the neutrophil count and Gensini score. Neutrophil 
count, the Gensini score, and their combination 
were independent risk factors for MACCEs (Table 
3). The ROC curve indicated that patients with a 
high Gensini score and a high neutrophil count had 
the shortest survival (Figure 2). Therefore, the neu-
trophil count and Gensini score together can predict 
the outcomes of patients undergoing PCI who have 
concurrent ACS and uncontrolled T2DM.

Limitations

This study has several limitations. First, it had a 
single center design and a modest sample size. 

To support our findings, large-scale, multi-center 
cohort studies should be performed, ideally in 
patients from diverse ethnic groups.

Conclusion

According to our findings, the Gensini score and 
neutrophil count can be used to forecast the inci-
dence of MACCEs in patients undergoing PCI who 
have concurrent ACS and uncontrolled T2DM. 
The number of neutrophils was associated with the 
Gensini score. The Gensini score and neutrophil 
count can be combined to improve their prognostic 
value for clinical outcomes.
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