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Introduction
The health status of human societies has been 
historically associated with their social and  
economic development. With industrialization, 
cardiovascular disease (CVD) prevalence seri-
ously compromises the health of populations 

worldwide. Screening and identifying risk factors 
are essential to prevent and control CVD.

Generally, routine blood tests help in the early 
diagnosis of diseases, thereby facilitating the phy-
sicians with information regarding inflammatory 
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Abstract
Background: Thrombosis and inflammation are crucial elements in the pathogenesis of 
cardiovascular disease. Hematological parameters elucidate information involving the 
inflammatory and blood coagulation processes.
Objectives: The current study explored the association of hematological parameters with 
EOCAD to identify specific risk factors.
Design: A single-center retrospective case–control study was conducted with 1693 coronary 
artery disease patients and 1693 controls.
Methods: Hematological parameters were examined through an automated analyzer.
Results: The basophil percentage was significantly reduced in EOCAD (0.43 ± 0.26, p < 0.001) 
and MI (0.33 ± 0.24, p < 0.001) groups compared with controls (0.54 ± 0.28). The eosinophil 
percentage was also significantly lower in EOCAD (2.21 ± 1.71, p < 0.001) and MI (1.71 ± 2.44, 
p < 0.001) groups compared with controls (2.41 ± 1.75). The lymphocyte percentage in patients 
of EOCAD and MI and controls was 31.65 ± 7.93, 25.48 ± 9.43, and 34.82 ± 7.28, respectively. 
A significant difference was observed among the groups (p < 0.001). Except for the mean 
corpuscular hemoglobin (MCH), other red blood cell (RBC) parameters significantly differed 
between EOCAD patients and controls. The red blood cell distribution width (RDW), hematocrit 
(HCT), RBC count, mean corpuscular hemoglobin concentration (MCHC), mean corpuscular 
volume (MCV), and hemoglobin level were associated with EOCAD prevalence after adjusting 
for baseline differences. Platelet volume distribution width (PDW) also correlated with EOCAD 
prevalence (ORadjust = 1.087, 95% CI: 1.044–1.131).
Conclusions: Hematological parameters are closely associated with EOCAD. Moreover, 
leukocyte parameters correlated with the presence and severity of the disease. In addition, 
erythrocyte parameters were associated with the disease presence but not with the disease 
severity. Among the platelet parameters, only PDW was related to the disease presence.
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processes.1 Hematological parameters obtained 
using blood investigations mainly include classify-
ing and quantifying white blood cells (WBCs), red 
blood cells (RBCs), and platelets. Modern auto-
mated equipment comprehensively evaluates the 
association between coronary atherosclerotic heart 
disease (CAD) and hematological factors. Recent 
studies have shown that RBC distribution width 
(RDW),2,3 mean platelet volume (MPV),4,5 neu-
trophil-to-lymphocyte ratio (NLR),6,7 and other 
parameters are associated with the severity and 
prognosis of CAD.8,9 Otherwise, CAD is charac-
terized with a high inflammatory burden. Recent 
studies suggested that MPV was associated with 
inflammatory conditions, such as type 2 diabetes 
mellitus (DM), diabetic nephropathy, infections, 
nasal polyps, vertebral disc opathies, irritable 
bowel disease, rheumatoid arthritis, obesity, and 
liver fibrosis.10–18 Similarly, increased RDW has 
been reported in degenerative vertebral conditions, 
rheumatoid arthritis, functional bowel conditions, 
autoimmune diseases, malignancy, autoimmune 
hepatitis, and even in Covid-19 infections.14–16,19–21 
Furthermore, several inflammatory diseases, 
including thyroiditis, irritable bowel disease, and 
Covid-19 infection, were reported to be related 
with increased NLR levels.22–24 All these condi-
tions are associated with high inflammatory bur-
den like cardiac conditions.

Modern lifestyle elevates the percentage of the 
younger population suffering from CAD. Early-
onset coronary artery disease (EOCAD) is defined 
as CAD occurring among patients aged 50 years 
or younger. Familial hypercholesterolemia is a sig-
nificant pathogenesis of EOCAD.25,26 There are 
differences involving the etiology and risk factors 
between EOCAD and late-onset CAD.27–29 
Although many studies have depicted the relation-
ship between hematological parameters and CAD, 
only a few studies have focused on EOCAD. 
Therefore, the current study explored the associa-
tion of hematological parameters with EOCAD to 
identify specific risk factors. These findings would 
help understand the pathophysiological process of 
EOCAD with special significance toward disease 
risk assessment and prediction.

Materials and methods

Subjects
A single-center retrospective case–control study 
was conducted, recruiting EOCAD patients 

attending the cardiology clinic at the Affiliated 
Hospital of Qingdao University between January 
2013 and December 2021. The 1683 recruited 
EOCAD patients were aged ⩽ 50 years during 
their first symptom onset and hospitalization for 
coronary angiography. Patients with a history  
of blood disease, chronic infection, tumors, hepa-
tobiliary, or kidney diseases were excluded. 
Moreover, 1683 healthy controls volunteered 
from the Health Management Centre. The con-
trol group was age- and sex-matched with the dis-
ease group with similar geographical backgrounds. 
The control population had no signs or symptoms 
of cardiovascular events, no history of CAD, and 
the possibility of myocardial infarction (MI) was 
ruled out through electrocardiography. The study 
was conducted in accordance with the ethical 
standards of the 1975 Declaration of Helsinki. 
Moreover, the study was approved by the Research 
Ethics Committee of the Affiliated Hospital of 
Qingdao University (QYFYWZLL27293), and 
written informed consent was obtained from all 
participants.

Coronary angiography
Coronary angiography was performed by the 
standard Judkins technique. Coronary angio-
grams were independently evaluated by two sen-
ior cardiologists who were blinded to the clinical 
data. In case of a dispute, a third cardiologist 
joined and gave the final decision. To reduce 
intra-observer variability, assessments were com-
pleted in the shortest time possible.

Four major coronary artery branches were 
assessed, which included the left main coronary 
artery, left circumflex, left anterior descending, 
and right coronary artery. In addition, a luminal 
stenosis degree of 50% or more was character-
ized as a significant lesion. Based on the number 
of significantly stenosed vessels, patients were 
categorized into single-, double-, and triple-ves-
sel subgroups.

For each patient, the Gensini score was calcu-
lated from the coronary angiogram by assigning a 
severity score to each coronary stenosis according 
to the degree of luminal narrowing and its geo-
graphic importance of the lesion position in the 
coronary arterial tree. In summary, the quantita-
tive assessment was performed angiographically 
according to the degree of narrowing of the coro-
nary artery lumen, which was defined as 1 for 
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0−25% stenosis, 2 for 25−50% stenosis, 4 for 
50−75% stenosis, 8 for 75−90% stenosis, 16 for 
90−99% stenosis, and 32 for 99−100% stenosis, 
multiplying the geographical importance of its 
location (score from 0.5 to 5). Thus, the Gensini 
score provides valuable information on the degree 
of a vascular lesion in terms of the degree of arte-
rial stenosis and the location of the stenosis.

Clinical parameters
All participants underwent a complete physical 
evaluation. Baseline data included sex, age at onset 
of CAD symptoms, height, weight, smoking and 
drinking habits, body mass index (BMI), hyper-
tension, and DM. Systolic and diastolic blood 
pressure was measured twice at 30 min intervals 
through an automated oscillometric device. The 
average value of the two blood pressure readings 
was used. Hypertension was defined as blood pres-
sure readings ⩾ 140/90 mmHg or was assumed to 
be present among patients taking anti-hypertensive 
drugs. Based on the American Diabetes 
Association, the criteria for DM depended on 
venous samples and laboratory methods. A fasting 
plasma glucose level of ⩾ 7.0 mmol/l, a 2-h plasma 
glucose value within a 75-g oral glucose tolerance 
test of ⩾ 11.1 mmol/l, or glycated hemoglobin 
(HbA1c) of ⩾ 6.5%.

Biochemical measurements
An automatic biochemistry analyzer (Hitachi 
HCP-7600, Hitachi, Japan) was used to deter-
mine the levels of serum alanine aminotransferase 
(ALT), serum creatinine (SCr), fasting blood 
glucose (FBG), triglyceride (TG), total choles-
terol (TC), low-density lipoprotein cholesterol 
(LDL-C), and high-density lipoprotein choles-
terol (HDL-C).

Hematological parameters
Hematological parameters, such as WBC and 
their subpopulations, RBC count and associated 
parameters, platelet count and related factors, 
and hemoglobin levels, were analyzed with an 
automated analyzer (Sysmex XN-9000, Kobe, 
Japan).

Statistical analysis
Statistical analyses were conducted using 
GraphPad Prism Software version 8 (GraphPad 

Software Inc., San Diego, CA, USA) and SPSS 
16.0 software (SPSS Inc., Chicago, IL, USA). 
The data are presented as the mean ± standard 
deviation (SD). The categorical variables are 
depicted as numbers and percentages. In all cases, 
the Kolmogorov–Smirnov (K-S) test was applied 
for a normal distribution. The comparisons of 
categorical variables were undergone through the 
chi-square test or the Fisher’s exact test. An inde-
pendent sample t-test analyzed the mean  
comparison of the two independent groups.  
The one-way analysis of variance (ANOVA) 
determined whether there were any statistically 
significant differences among the means of  
three or more unrelated independent groups. 
Subsequently, it was followed by a post hoc least 
significant difference (LSD) test for multiple 
comparisons. For non-normally distributed vari-
ables, the groups were compared using the 
Mann–Whitney U test or Kruskal–Wallis test. 
Pearson’s correlation coefficient (r) evaluated the 
strength of a linear relationship between two vari-
ables. Logistic regression assessed the association 
between the hematological parameters and 
EOCAD, and the results were represented as 
odds ratios (ORs) with 95% confidence intervals 
(CIs). A p value less than 0.05 was considered 
statistically significant. Power calculations were 
used to determine the number of subjects required 
with 0.90 power at an alpha level of 0.05. 
Estimates were calculated using power analysis 
and PASS software (version 15.0).

Results

Baseline characteristics
A total of 1683 EOCAD patients (mean age 
45.16 ± 4.54; 84.73% men) and 1683 controls 
(mean age 45.16 ± 4.54; 84.73% men) were 
recruited for this study. No significant differences 
were observed between EOCAD patients and 
controls based on sex, age, and SCr. However, 
FBG, BMI, TG, TC, LDL-C, and ALT activity/
levels were significantly increased in EOCAD 
patients. Furthermore, the EOCAD group had 
elevated hypertension, DM, smoking, and drink-
ing rates than the controls. Moreover, in the 
EOCAD patient group, 604 patients were diag-
nosed with MI. EOCAD patients included 600 
patients with single-diseased, 326 double- 
diseased, and 167 triple-diseased vessels. The 
clinical characteristics of all participants are sum-
marized in Table 1.
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Table 1. Demographic and clinical characteristics of CAD patients and controls.

Variable CAD
(n = 1683)

Control
(n = 1683)

p

Sex, male n (%)* 1426 (84.73) 1426 (84.73) 1.000

Age, years** 45.16 ± 4.54 45.16 ± 4.54 1.000

BMI (kg/m2)** 26.64 ± 3.74 24.47 ± 3.25 <0.001

Hypertension, n (%)* 779 (46.29) 227 (13.49) <0.001

Diabetes, n (%)* 220 (13.07) 102 (6.06) <0.001

Smoking, n (%)* 903 (53.65) 458 (27.21) <0.001

Drinking, n (%)* 697 (41.41) 332 (19.72) <0.001

FBG, mmol/l** 5.82 ± 2.14 5.26 ± 1.37 <0.001

TG, mmol/l** 2.12 ± 2.15 1.74 ± 1.39 <0.001

TC, mmol/l** 4.52 ± 1.22 4.30 ± 0.99 <0.001

HDL-C, mmol/l** 1.14 ± 0.29 1.31 ± 0.30 <0.001

LDL-C, mmol/l** 2.65 ± 0.95 2.32 ± 0.82 <0.001

SCr, μmol/l** 72.71 ± 18.57 79.96 ± 12.13 0.650

ALT, U/l** 27.37 ± 11.64 25.10 ± 10.63 <0.001

Medications – – –

 Statins, n (%) 210 (12.47) 72 (4.27) <0.001

 β-blockers, n (%) 423 (25.13) 56 (3.32) <0.001

 Ace-inhibitors, n (%) 135 (8.02) 32 (1.90) <0.001

 Clopidogrel, n (%) 72 (4.28) 2 (0.12) <0.001

MI, n (%) 604 (35.89) – –

Severity of CAD – – –

 Single-diseased vessels, n (%) 600 (35.65) – –

 Double-diseased vessels, n (%) 326 (19.37) – –

 Triple-diseased vessels, n (%) 167 (9.92) – –

ALT, alanine aminotransferase; BMI, body mass index; CAD, coronary artery disease; FBG, fasting blood glucose; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SCr: serum creatinine; TC, total 
cholesterol; TG, triglyceride.
*Categorical variables are expressed as percentages. P values of the categorical variables were calculated by chi-square 
test.
**Continuous variables are expressed as the mean ± SD. P values of the continuous variables were calculated using 
independent sample t-test or Mann–Whitney U test.
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Relationship between WBC parameters and 
EOCAD
As shown in Table 2, the WBC count, neutrophil, 
and monocyte counts were significantly increased 
in EOCAD patients than in controls. However, 
eosinophil, basophil, and lymphocyte counts were 
significantly reduced compared with those in the 
control group.

WBC count, neutrophil count, and percentage, 
and monocyte count and percentage reflected the 
severity of EOCAD, thereby showing a positive 
correlation. Moreover, decreased basophil, eosin-
ophil, and lymphocyte percentages associated 
with the severity of EOCAD (Table 3).

The basophil percentage was significantly reduced 
in the EOCAD (non-MI) (0.43 ± 0.26, p < 0.001) 
and MI (0.33 ± 0.24, p < 0.001) groups compared 
with the control group (0.54 ± 0.28, Figure 1(a)). 
In addition, a significant negative correlation was 
observed between basophil percentage and the 
Gensini scores (r = −0.069, p = 0.005). After adjust-
ing the baseline differences, the percentage of 
basophils significantly correlated with the presence 
of EOCAD (ORadjust = 0.142, 95% CI: 0.097–
0.208, Table 4), and the cutoff value was 0.37.

The eosinophil percentage was also significantly 
lower in the EOCAD (non-MI) (2.21 ± 1.71, 
p = 0.003) and MI (1.71 ± 2.44, p < 0.001) groups 
compared with the control group (2.41 ± 1.75, 
Figure 1(b)). The eosinophil percentage nega-
tively associated with Gensini score (r = −0.069, 
p = 0.005). Moreover, the elevated eosinophil 
percentage was an independent protective factor 
of EOCAD (ORadjust = 0.876, 95% CI: 0.830–
0.925, Table 4), and the cutoff value was 1.47.

The lymphocyte percentage among EOCAD 
(non-MI) patients, MI patients, and controls was 
31.65 ± 7.93, 25.48 ± 9.43, and 34.82 ± 7.28, 
respectively. A significant difference was observed 
among the groups (p < 0.001, Figure 1(c)). The 
lymphocyte percentage negatively correlated with 
the Gensini score (r = −0.092, p < 0.001). The 
lymphocyte percentage significantly associated 
with EOCAD (ORadjust = 0.926, 95% CI: 0.918–
0.932, Table 4) after adjusting for baseline differ-
ences. The cutoff value was 30.15. No correlation 
was observed between the number of diseased 
vessels and the percentage of eosinophils 
(p = 0.328), basophils (p = 0.588), and lympho-
cytes (p = 0.858).

In addition to the monocyte percentage (r = 0.456, 
p = 0.060) and lymphocyte count (r = −0.021, 
p = 0.397), WBC count (r = 0.456), neutrophil 
count (r = 0.498) and percentage (r = 0.412), 
monocyte count (r = 0.292), basophil count 
(r = −0.107) and percentage (r = −0.247), eosino-
phil count (r = −0.115) and percentage 
(r = −0.198), and lymphocyte percentage 
(r = −0.400) were significantly correlated with 
high-sensitive cardiac troponin (hs-cTn) levels 
(p < 0.001). Moreover, the WBC count 
(r = 0.383), neutrophil count (r = 0.396) and per-
centage (r = 0.210), monocyte count (r = 0.337), 
and lymphocyte percentage (r = −0.229) were sig-
nificantly correlated with B-type natriuretic pep-
tide (BNP) levels (p < 0.001). WBC count 
(r = 0.245), neutrophil count (r = 0.270) and per-
centage (r = 0.238), monocyte count (r = 0.318) 
and percentage (r = 0.155), basophil count 
(r = −0.124) and percentage (r = −0.199), eosino-
phil percentage (r = −0.126), and lymphocyte 
percentage (r = −0.269) significantly correlated 
with C-reactive protein (CRP) levels (p < 0.001). 
The results are presented in Table 5.

Relationship between RBC parameters and EOCAD
Apart from the mean corpuscular hemoglobin 
(MCH), other RBC parameters differed signifi-
cantly between the EOCAD group and the con-
trol group (Table 2). In addition, the mean 
corpuscular hemoglobin concentration (MCHC) 
was significantly higher in the EOCAD group 
compared with the control group. RBC count, 
hemoglobin, hematocrit (HCT), mean corpuscu-
lar volume (MCV), the standard deviation of 
RBC distribution width (RDW-SD), and the 
coefficient variation of RBC distribution width 
(RDW-CV) were significantly higher in the con-
trol group compared with those in the EOCAD 
group. After adjusting for baseline differences, 
RDW-CV (ORadjust = 0.788, 95% CI: 0.704–
0.882), RDW-SD (ORadjust = 0.866, 95% CI: 
0.833–0.900), HCT (ORadjust = 0.737, 95% CI: 
0.715–0.761), RBC count (ORadjust = 0.107, 95% 
CI: 0.082–0.138), MCHC (ORadjust = 1.023, 95% 
CI: 1.015–1.032), MCV (ORadjust = 0.945, 95% 
CI: 0.927–0.963), and hemoglobin (ORadjust =  
0.933, 95% CI: 0.926–0.941) were correlated 
with EOCAD prevalence (Table 6). The cutoff 
values for EOCAD were as follows: RDW-CV 
12.35%, RDW-SD 39.95 fl, HCT 44.55%, RBC 
4.865 1012/l, MCHC 339.5 g/l, MCV 89.75 fl, 
and hemoglobin 151.5 g/l.
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Table 2. Hematological parameters in CAD patients and controls.

Variable CAD
(n = 1683)

Control
(n = 1683)

p

WBC parameters

 WBC count, (109/l) 7.49 ± 2.46 6.25 ± 1.54 <0.001

 Neutrophil count, (109/l) 4.69 ± 2.18 3.52 ± 1.17 <0.001

 Neutrophil percentage, (%) 55.78 ± 7.77 60.89 ± 10.17 <0.001

 Monocyte count, (109/l) 0.54 ± 0.24 0.40 ± 0.13 <0.001

 Monocyte percentage, (%) 7.26 ± 2.10 6.46 ± 1.60 <0.001

 Basophil count, (109/l) 0.028 ± 0.020 0.033 ± 0.018 <0.001

 Basophil percentage, (%) 0.40 ± 0.26 0.54 ± 0.28 <0.001

 Eosinophil count, (109/l) 0.14 ± 0.17 0.15 ± 0.12 <0.001

 Eosinophil percentage, (%) 2.03 ± 2.02 2.41 ± 1.75 <0.001

 Lymphocyte count, (109/l) 2.09 ± 0.70 2.14 ± 0.58 <0.001

 Lymphocyte percentage, (%) 29.43 ± 9.00 34.82 ± 7.28 <0.001

RBC parameters

 RBC count, (1012/l) 4.77 ± 0.47 5.04 ± 0.43 <0.001

 Hemoglobin, (g/l) 144.76 ± 15.02 152.93 ± 13.89 <0.001

 Hematocrit, (%) 42.67 ± 4.18 45.58 ± 3.73 <0.001

 Mean corpuscular volume, (fl) 89.69 ± 4.67 90.66 ± 4.84 <0.001

 Mean corpuscular hemoglobin, (pg) 30.42 ± 1.86 30.41 ± 1.97 0.196

 Mean corpuscular hemoglobin concentration, (g/l) 339.20 ± 11.85 335.32 ± 10.85 <0.001

 RDW (SD), (fl) 41.46 ± 2.43 40.79 ± 2.69 <0.001

 RDW (CV), (%) 12.57 ± 0.84 12.74 ± 0.96 <0.001

PLT parameters

 PLT count, (109/l) 234.20 ± 62.51 239.08 ± 51.47 <0.001

 Plateletcrit, (%) 0.231 ± 0.058 0.235 ± 0.048 <0.001

 MPV, (fl) 9.96 ± 1.01 9.90 ± 1.03 0.027

 Platelet distribution width, (fl) 13.25 ± 2.50 12.72 ± 2.17 <0.001

 Platelet large cell ratio 25.43 ± 7.33 25.30 ± 7.25 0.520

CAD, coronary artery disease; CV, coefficient of variation; PLT, platelet; RBC, red blood cell; SD, standard deviation; WBC, 
white blood cell.
Continuous variables are expressed as the mean ± SD. P values of the continuous variables were calculated using 
independent sample t-test or Mann–Whitney U test.
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No correlation was observed between RBC 
parameters and the number of diseased vessels, 
Gensini score, BNP, and the disease subtype. 
However, there was a slight association between 
HCT and CRP (r = −0.078, p = 0.034).

Relationship between platelet parameters and 
EOCAD
The platelet volume distribution width (PDW), 
platelet hematocrit (PCT), MPV, and platelet 
count differed significantly between the EOCAD 
group and the control group (Table 2). No differ-
ences were observed in the platelet-larger cell 
ratio (P-LCR) between the two groups. After 
adjusting for sex, age, BMI, smoking, alcohol 
consumption, DM, hypertension, ALT, TC, 
LDL-C, HDL-C, TG, FBG, and medication, 
PDW only associated with EOCAD prevalence 
(ORadjust = 1.087, 95% CI: 1.044–1.131), and the 
cutoff value was 15.45 fl.

The platelet serial parameters were not signifi-
cantly different between the CAD (non-MI) and 
MI groups. Platelet series parameters were also 
not associated with the number of diseased 

vessels. However, a positive correlation was 
observed between MPV and the Gensini score 
(r = 0.04, p = 0.004). There was a significant cor-
relation between PCT and BNP (r = 0.121, 
p = 0.013). However, no correlation was observed 
between platelet parameters and CRP levels.

Discussion
In the current study, we comprehensively ana-
lyzed the relationship between the hematological 
parameters and EOCAD. The results indicated 
that (1) WBC count, neutrophil count and per-
centage, monocyte count and percentage, baso-
phil, eosinophil, and lymphocyte percentages 
correlated with the occurrence and severity of 
EOCAD; (2) RDW-CV, RDW-SD, HCT, RBC 
count, MCHC, MCV, hemoglobin, and PDW 
were associated with EOCAD but did not reflect 
disease severity.

The relationship between leukocytes and CAD 
has been extensively studied. Several studies have 
considered elevated WBC an independent risk 
factor for atherosclerotic vascular disease.30,31 
Moreover, leukocytes are significant mediators of 

Table 3. Leukocyte parameters according to patient category.

Variable CAD (non-MI)
(n = 1079)

MI
(n = 604)

Control
(n = 1683)

p CAD versus control p MI versus control p CAD versus MI

WBC count, (109/l) 6.82 ± 1.86 8.69 ± 2.91 6.25 ± 1.54 <0.001 <0.001 <0.001

Neutrophil count, (109/l) 4.05 ± 1.46 5.83 ± 2.73 3.52 ± 1.17 <0.001 <0.001 <0.001

Neutrophil percentage, (%) 58.61 ± 8.91 64.97 ± 10.98 55.78 ± 7.77 <0.001 <0.001 <0.001

Monocyte count, (109/l) 0.48 ± 0.17 0.64 ± 0.30 0.40 ± 0.13 <0.001 <0.001 <0.001

Monocyte percentage, (%) 7.11 ± 1.89 7.52 ± 1.41 6.46 ± 1.60 <0.001 <0.001 <0.001

Basophil count, (109/l) 0.029 ± 0.020 0.027 ± 0.020 0.033 ± 0.018 <0.001 <0.001 0.060

Basophil percentage, (%) 0.54 ± 0.28 0.33 ± 0.24 0.54 ± 0.28 <0.001 <0.001 <0.001

Eosinophil count, (109/l) 0.14 ± 0.12 0.13 ± 0.24 0.15 ± 0.12 0.338 <0.001 <0.001

Eosinophil percentage, (%) 2.21 ± 1.71 1.71 ± 2.44 2.41 ± 1.75 0.003 <0.001 <0.001

Lymphocyte count, (109/l) 2.11 ± 0.66 2.07 ± 0.77 2.14 ± 0.58 0.082 0.003 0.482

Lymphocyte percentage, (%) 31.65 ± 7.93 25.48 ± 9.43 34.82 ± 7.28 <0.001 <0.001 <0.001

CAD, coronary artery disease; MI, myocardial infarction; WBC, white blood cell.
Continuous variables are expressed as the mean ± SD. P values of the continuous variables were calculated using one-way ANOVA.
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inflammation.32 Inflammatory activation of the 
coronary endothelium could lead to thrombus 
formation and plaque rupture, causing ischemia 
and infarction.33 Therefore, leukocytes were 
widely investigated to monitor the disease process 
and the impact of anti-inflammatory treatments, 
thus enabling the control of disease activity. CRP 
is a typical inflammatory marker. Our results 
indicate that almost all leukocyte parameters 
(except monocyte percentage and lymphocyte 

count) correlated with CRP levels in EOCAD 
patients. Neutrophils are the most abundant type 
of leukocyte, and one of the first responders 
among inflammatory cells to migrate toward the 
inflammation site, developing a hallmark of acute 
inflammation. The monocyte reflects an elevated 
immuno-inflammatory activity and is correlated 
with atherosclerosis.34 In our study, the counts 
and percentages of neutrophils and monocyte 
were significantly higher among the EOCAD 

Figure 1. The basophil, eosinophil, and lymphocyte percentage in EOCAD patients and controls. (a) The basophil percentage in patients 
with MI (0.33 ± 0.24) was significantly lower than those in patients with CAD (without MI) (0.43 ± 0.26, p < 0.001) and controls (0.54 ± 0.28, 
p < 0.001). The basophil percentage was significantly lower in patients with CAD (without MI) than in healthy controls (< 0.001). (b) 
The eosinophil percentage was significantly lower in the CAD (non-MI) (2.21 ± 1.71, p = 0.003) and MI (1.71 ± 1.44, p < 0.001) groups 
than in the controls (2.41 ± 1.75). (c) The lymphocyte percentage in CAD (non-MI) patients, MI patients, and controls was 31.65 ± 7.93, 
25.48 ± 9.43, and 34.82 ± 7.28, respectively. There was a significant difference between the groups (p < 0.001).
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(non-MI) and MI groups than in the control 
group. The basophil was the least abundant leu-
kocyte. However, it could play an essential role in 
immunomodulatory functions.35 Few studies are 
there on the effect of basophil on CAD. In par-
ticular, the association between basophil and 
EOCAD has not been reported. Our data revealed 
that basophil count and percentage decreased sig-
nificantly in the EOCAD group compared with 
the control group. The MI group observed a fur-
ther decrease in basophil count and percentage 
than the CAD (non-MI) group. In addition, 
basophil percentage associated with EOCAD 
severity and was an independent factor influenc-
ing disease occurrence. However, basophil counts 
did not reveal these characteristics.

Eosinophils are significant immune cells combat-
ing parasites and participating in hypersensitivity 
or allergic responses.36 Unlike basophils, the asso-
ciation between eosinophils and CAD has been 
extensively studied. However, the results widely 
varied. Several studies have demonstrated that an 
elevated eosinophil count associated with CAD, 
thereby depicting higher cardiovascular mortal-
ity.37,38 However, other studies have reported that 
CAD patients exhibited lower eosinophil percent-
ages than controls without CAD.39 Our data indi-
cated that the eosinophil count and percentage 
were significantly reduced in EOCAD patients 
and were independent factors influencing disease 
occurrence. The eosinophil percentage in con-
trols, CAD (non-MI), and MI groups gradually 
reduced, and pairwise comparisons were statisti-
cally significant. The eosinophil count was signifi-
cantly lower in the MI group compared with the 
control and CAD (non-MI) groups. No differ-
ences in eosinophil count were observed between 

the control and CAD (non-MI) groups. Gao et al. 
inferred that extensive thrombus formation could 
have induced the decreased eosinophil count.37 
Our results partially support the hypothesis 
because the difference in eosinophil count was 
only present after comparing the control and 
EOCAD (non-MI) groups with the MI group. 
Our results also echo those of Sincer et al.40 They 
also found a significant decrease in eosinophils in 
MI patients compared with patients with unstable 
angina.

The relationship between lymphocytes and CAD 
has been straightforward. The lymphocyte is the 
gatekeeper of the immune system in the body. 
Experimental studies have indicated that immuno-
suppression could accelerate atherosclerosis.41,42 
After the development of atherosclerotic plaques, 
lymphocyte apoptosis is more frequent and influ-
ential, causing plaque growth, lipid nucleation, 
plaque rupture, and thrombosis.43 Clinical studies 
have indicated that lymphocyte count and per-
centage significantly decreased in CAD 
patients.44,45 Moreover, recent studies have linked 
lymphopenia with a worse MI prognosis, unstable 
angina, and heart failure.46,47 In our study, lym-
phocyte count and the percentage were signifi-
cantly reduced in EOCAD patients and were 
independent factors influencing disease occur-
rence. The percentage of lymphocytes can reflect 
the disease severity, and its decrease was most evi-
dent in the MI group and depicted a significant 
negative correlation with the Gensini score.

We also observed that some leukocyte parame-
ters, including the WBC count, neutrophil count 
and percentage, monocyte count, and lympho-
cyte percentage, correlated with post-MI heart 

Table 4. Associations between WBC parameters and the presence of EOCAD.

Adjustment models Basophil percentage Eosinophil percentage Lymphocyte percentage

 OR
(95% CI)

p OR (95% CI) p OR (95% CI) p

Crude – <0.001 – <0.001 – <0.001

Adjusting for sex, age, BMI, smoking, alcohol 
consumption, DM. Hypertension, ALT, TC, 
LDL-C, HDL-C, TG, FBG, and medications.

0.142
(0.097–0.208)

<0.001 0.876
(0.830–0.925)

<0.001 0.926
(0.918–0.932)

<0.001

ALT, alanine aminotransferase; BMI, body mass index; CI, confidence interval; DM, Diabetes; EOCAD, early-onset coronary artery disease; 
FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratios; TC, total 
cholesterol; TG, triglyceride; WBC, white blood cell.
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Table 5. Correlation of hematological parameters with hs-cTn, BNP, and CRP.

Variable hs-cTn BNP CRP

r p r p r p

WBC parameters

 WBC count 0.456 <0.001 0.383 <0.001 0.245 <0.001

 Neutrophil count 0.498 <0.001 0.396 <0.001 0.270 <0.001

 Neutrophil percentage 0.412 <0.001 0.210 <0.001 0.238 <0.001

 Monocyte count 0.292 <0.001 0.337 <0.001 0.318 <0.001

 Monocyte percentage 0.456 0.060 0.026 0.594 0.155 <0.001

 Eosinophil count −0.115 <0.001 −0.040 0.410 −0.072 0.052

 Eosinophil percentage −0.198 <0.001 −0.063 0.202 −0.126 <0.001

 Basophil count −0.107 <0.001 −0.037 0.447 −0.124 <0.001

 Basophil percentage −0.247 <0.001 −0.097 0.047 −0.199 <0.001

 Lymphocyte count −0.021 0.397 −0.038 0.439 −0.071 0.06

 Lymphocyte percentage −0.400 <0.001 −0.229 <0.001 −0.269 <0.001

RBC parameters

 RBC count 0.028 0.504 −0.014 0.783 −0.062 0.093

 Hemoglobin 0.052 0.221 −0.028 0.574 −0.061 0.101

 Hematocrit 0.057 0.180 −0.019 0.702 −0.078 0.034

 Mean corpuscular volume 0.050 0.240 −0.014 0.781 −0.030 0.417

 Mean corpuscular hemoglobin 0.046 0.280 −0.021 0.673 0.004 0.924

 Mean corpuscular hemoglobin concentration 0.010 0.808 −0.010 0.831 0.048 0.191

 RDW (SD) 0.040 0.474 0.057 0.249 0.012 0.738

 RDW (CV) 0.009 0.837 0.084 0.085 0.034 0.356

PLT parameters

 PLT count 0.031 0.467 0.098 0.046 0.049 0.182

 Plateletcrit −0.002 0.995 0.121 0.013 0.057 0.121

 MPV 0.005 0.925 0.041 0.401 0.018 0.622

 Platelet distribution width 0.056 0.190 0.066 0.179 0.024 0.510

 Platelet large cell ratio −0.014 0.739 0.166 0.184 0.024 0.510

BNP, B-type natriuretic peptide; CRP, C-reactive protein; CV, coefficient of variation; hs-cTn, high-sensitive cardiac troponin; PLT, platelet; RBC,  
red blood cell; SD, standard deviation; WBC, white blood cell.
Pearson’s correlation coefficient (r) was used to evaluate the strength of a linear relationship between two variables.
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failure, evaluated by the correlation study of these 
indicators with BNP. Therefore, the relationship 
between leukocytes and EOCAD is good, and the 
relationship between different types of leukocytes 
and EOCAD has varied characteristics. Moreover, 
it is a direction worthy of further studies.

Erythrocyte parameters primarily include RBC 
count, hemoglobin, HCT, MCV, MCH, MCHC, 
RDW-SD, and RDW-CV. Numerous clinical tri-
als have explored the relationship between RBC 
parameters and CAD, with inconsistent results. 
Moreover, few studies have reported the associa-
tion between RBC parameters and EOCAD. In 
this study, erythrocyte parameters other than 
MCHC were associated with EOCAD without 
association with disease severity. Mechanistically, 
erythrocytes could only initiate atherosclerotic 
plaque formation and play a minor role in its pro-
gression. The primary function of the erythrocyte 
is to and fro transport of oxygen and carbon diox-
ide. Furthermore, the erythrocyte regulates redox 
balance and vascular endothelial function by 
releasing nitric oxide and adenosine triphos-
phate.48 Experimental studies have indicated that 
erythrocyte has a fundamental role in cardiovas-
cular homeostasis by regulating vascular function 
and integrity.49 Therefore, the relationship 
between erythrocytes and CVD requires further 
investigation after extrapolating the inconsistency 
of clinical findings.

Platelets play a crucial role in atherosclerosis and 
thrombosis. Platelets initiate atherothrombosis 
through endothelial function, mediating inflam-
matory stimulation and synthesizing bioactive 
proteins.50 The widespread use of antiplatelet 
drugs (aspirin, clopidogrel) in CVD patients 
slows the formation of atherosclerotic plaques, 
especially among high-risk populations. Thus, 
many studies have focused on the relationship 
between platelet parameters and CVD.

Platelet parameters primarily include platelet 
count, PCT, MPV, PDW, and P-LCR, among 
which MPV and PDW are essential. MPV is a 
measure of platelet size and indicates platelet 
reactivity. Platelet volume is generally propor-
tional to activity, and elevated platelet activity 
enhances adhesion and aggregation, causing vas-
cular thromboembolic events.51 Although many 
studies have evaluated the relationship between 
MPV and CAD, the results have been conflicting. 
Due to heterogeneity, meta-analysis outcomes 
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remain uncertain whether MPV is a direct or 
indirect risk factor for CAD.5 In this study, MPV 
was significantly elevated in the EOCAD group 
compared with the control group. However, MPV 
was not independently associated with EOCAD 
occurrence. Despite a slight association with the 
Gensini score, MPV did not reflect disease sever-
ity. The relationship between PDW and CVD is 
still controversial. In several studies, it was sug-
gested that PDW was not related to the extent of 
CAD, while in other studies, it was determined 
that PDW is an independent marker of 
ST-elevation MI, and is related to coronary col-
lateral development in subjects with non-ST-ele-
vation MI.8,52 PDW in the EOCAD group was 
significantly higher than in the control group and 
was independently associated with EOCAD 
occurrence. There were differences in the results 
of the studies on whether PDW could affect CAD 
severity.53,54 Our study did not show any correla-
tion between PDW and disease severity.

Although this was one of the few studies on the 
relationship between hematological parameters 
and EOCAD, there are some limitations. First, 
this was a retrospective, single-center study. No 
follow-up data were collected, and the role of 
hematological parameters on EOCAD progres-
sion could not be described, especially regarding 
long-term events. Second, we analyzed patients 
scheduled for coronary angiography. Hence, this 
hospital-based population might not have been a 
random population representative. Third, in our 
study, we did not evaluate other cardiovascular 
risk factors, including lipoprotein a and homo-
cysteine. Furthermore, in our study, we did not 
assess folic acid and vitamin B12, which could 
have affected hematological parameters. Finally, 
we clear that coronary angiography should be 
performed in all controls to rule out CAD, but 
younger people with no symptoms of CVDs rarely 
undergo coronary angiography. In the study, the 
selection population in the control group was 
based only on symptoms and resting electrocar-
diogram (ECG) as the incidence of ischemia with 
normal ECG in an asymptomatic active young 
adult is uncommon but still cannot guarantee 
100% that he is not ischemic.

Conclusion
In this study, the association of hematological 
parameters with EOCAD was systematically  
evaluated. Leukocyte parameters significantly 

associated with EOCAD. Apart from eosinophil 
and basophil counts, other parameters were 
related to disease occurrence and severity. 
Erythrocyte parameters (except MCHC) could 
independently affect EOCAD occurrence, but 
not disease severity. PDW was associated with 
EOCAD prevalence, and other platelet parame-
ters were not associated with the occurrence and 
severity of the disease. In the future, prospective 
studies are needed to elucidate the exact mecha-
nisms of hematological parameters involved in 
pathophysiology and prognosis. As complete 
blood count is a cost-effective, and rapid, test, cli-
nicians could derive information from hemato-
logical parameters that would benefit the diagnosis 
and risk assessment of EOCAD.
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