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ORIGINAL RESEARCH

Basophil Blood Cell Count Is Associated 
With Enhanced Factor II Plasma Coagulant 
Activity and Increased Risk of Mortality 
in Patients With Stable Coronary Artery 
Disease: Not Only Neutrophils as 
Prognostic Marker in Ischemic Heart 
Disease
Francesca Pizzolo, MD, PhD†; Annalisa Castagna, PhD; Oliviero Olivieri, MD; Domenico Girelli , MD, PhD; 
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BACKGROUND: White blood cell count, which is inexpensive and widely available in clinical practice, has been proposed to pro-
vide prognostic information in coronary artery disease (CAD). Elevated levels of white blood cell subtypes may play different 
roles in atherothrombosis and predict cardiovascular outcomes.

METHODS AND RESULTS: The association between white blood cell counts and mortality was evaluated in 823 subjects with 
angiographically demonstrated and clinically stable CAD in an observational–longitudinal study. The correlation among white 
blood cell counts and factor II plasma coagulant activity was analyzed in 750 subjects (554 CAD and 196 CAD-free) not 
taking anticoagulant drugs. Subjects with overt leukocytosis or leukopenia were excluded. In the longitudinal study after a 
median follow-up of 61 months, 160 (19.4%) subjects died, 107 (13.0%) of whom from cardiovascular causes. High levels of 
neutrophils, monocytes, eosinophils, and basophils were associated with an increased mortality rate. In multiadjusted Cox 
regression models, only neutrophils and basophils remained predictors of total and cardiovascular mortality. The associations 
remained significant after adjustment for traditional cardiovascular risk factors and by including D-dimer and the chemokine 
CXCL12 in the regression models. Neutrophils and basophils were also significant predictors of factor II plasma coagulant 
activity variability after adjustment for blood cell counts, age, sex, inflammatory markers, CAD diagnosis, and prothrombin 
G20210A polymorphism. Factor II plasma coagulant activity was similarly increased in subjects with high neutrophil and ba-
sophil counts and in carriers of the prothrombin 20210A allele.

CONCLUSIONS: Both high neutrophil and basophil blood counts may predict mortality in patients with clinically stable CAD and 
are associated with enhanced factor II plasma coagulant activity, thereby suggesting underlying prothrombotic mechanisms.

Key Words: basophils ■ factor II plasma coagulant activity ■ neutrophils ■ secondary prevention of coronary artery disease ■ white 
blood cell count
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In spite of major diagnostic and therapeutic improve-
ments in the last decades, cardiovascular disease 
(CVD) is still responsible for 30% of deaths world-

wide. Even when all of the traditional cardiovascular 
risk factors are reduced using the best available phar-
macological therapy and lifestyle counseling, a sub-
stantial residual risk still remains unaddressed.1,2

Atherosclerosis is the main pathological condition 
underlying CVD and is widely recognized as a chronic 
inflammatory disease driven by lipids and leukocytes. 
Leukocytes play a pivotal role in atherosclerosis, and 
consistently, white blood cell (WBC) count has been 
linked with CVD by several studies.3–6

Counts of almost all subtypes of leukocytes have 
been associated with the risk of CVD, thereby suggest-
ing WBC count as a potential predictor of cardiovas-
cular risk.7,8 Leukocytes have been implicated in all the 
phases of atherosclerosis development and progres-
sion, and their prognostic significance has been inves-
tigated in both primary and secondary cardiovascular 
prevention, including recurrent events and focusing on 
thrombotic complications.9–11 Various biologic mech-
anisms could mediate the influence of leukocytes on 
CVD, from proteolytic and oxidative endothelial dam-
age7 to effects on vascular perfusion,12,13 and from 

platelet aggregation to hypercoagulability with pro-
thrombotic diathesis.14–16

Atherosclerosis is well known to be associated with 
a detectable activation of the hemostatic system,17–19 
and the development of thrombosis after atheroscle-
rotic plaque disruption is one of the main mechanisms 
of acute vessel occlusion and ischemic complications. 
Therefore, the crucial role of coagulation pathway in 
CVD is also widely recognized. On the potential link 
between leukocytes and coagulation, much of the evi-
dence has emphasized the role of neutrophil extracel-
lular traps (NETs). NETs are extracellular DNA fibers, 
including histones and neutrophil enzymes, which 
are well known for their antimicrobial role against in-
fections.20,21 NETs may represent a link between in-
flammation and thrombosis,22,23 with seminal works 
showing that NETs provide a scaffold for thrombus 
formation and can increase platelet activation, tis-
sue factor expression, and thrombin generation.24,25 
Differently, the role of other WBC subtypes in predict-
ing CAD risk, particularly in supporting potential links 
between leukocytes and coagulation, still remain un-
clear, and basophils are among the less-considered 
leukocyte subtypes in clinical practice.

The aims of the present study were to investigate 
both (1) the prognostic significance of WBC count in 
the setting of secondary prevention of coronary artery 
disease (CAD) and (2) the correlation between WBC 
counts and plasma coagulant activity of factor II (FII:c), 
which for its high concentration and position may be 
considered as an overall marker of the coagulation 
cascade.

MATERIALS AND METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
This observational study was performed within the 
framework of the VHS (Verona Heart Study), a local sur-
vey that aimed to search for new risk factors for CAD in 
subjects with angiographic documentation of the state 
of their coronary arteries. Details about enrollment cri-
teria have been described elsewhere.26,27 In brief, adult 
patients of both sexes undergoing a coronary angiog-
raphy examination were recruited from those referred 
to the Institute of Internal Medicine and to the Institute 
of Cardiovascular Surgery of the University of Verona 
in Verona, Italy between June 1998 and June 2005. 
All of the subjects in the VHS are required to have no 
history of any acute illness in the month preceding the 
enrollment. Consistently, patients with CAD and acute 
coronary syndrome were excluded from this study. 

CLINICAL PERSPECTIVE

What Is New?
•	 White blood cell subtypes have a different role 

in modulating procoagulant diathesis, with neu-
trophil and basophil count showing a direct cor-
relation with factor II coagulant activity.

•	 Basophil count is an independent predictor of 
total and cardiovascular mortality in patients 
with clinically stable coronary artery disease.

What Are the Clinical Implications?
•	 Basophils, which are usually the less-consid-

ered white blood cell subtype in clinical practice, 
may provide information about the individual 
procoagulant propensity and cardiovascular 
risk, potentially being a useful prognostic bio-
marker for patient-tailored therapeutic choices.

Nonstandard Abbreviations and Acronyms

CXCL12	C-X-C motif chemokine 12
FII:c	 factor II plasma coagulant activity
NETs	 neutrophil extracellular traps
VHS	 Verona Heart Study
WBC	 white blood cell
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Subjects with severe renal failure (estimated glomeru-
lar filtration rate <30  mL/min) and those with severe 
hepatic impairment (clinically defined diagnosis of liver 
cirrhosis) were also excluded from this study.

WBC count was assessed as a possible predictor 
of total and cardiovascular mortality in 823 patients 
with angiographically proven and clinically stable CAD 
(80.2% men, mean age 61.8±9.7 years) for whom data 
of mortality during a 5-year follow-up period and blood 
cell count at enrollment were available. Subjects with 
overt leukocytosis (>10 000/μL) or leukopenia (<4000/
μL) were excluded.

In the second part of this study, we analyzed the 
correlations between blood cell counts and FII:c. 
Therefore, we selected a total of 750 subjects who 
were not taking anticoagulant drugs at enrollment and 
for whom −80°C frozen, platelet-poor, citrated plasma 
samples for the FII:c assay were available. Five hun-
dred fifty-four subjects had angiographically proven 
CAD, with at least one of the major epicardial coro-
nary arteries (left anterior descending, circumflex, and 
right) affected with ≥1 significant stenosis (≥50% lumen 
reduction). All of the patients with CAD were taking an-
tiplatelet drugs, mostly low-dose aspirin. One hundred 
ninety-six subjects had completely normal coronary 
arteries, having been submitted to coronary angiogra-
phy for reasons other than CAD, mainly valvular heart 
disease (CAD free). These subjects were also required 
to have neither history nor clinical or instrumental ev-
idence of atherosclerosis in vascular districts beyond 
the coronary bed. The angiograms were assessed by 
cardiologists who were unaware that the patients were 
to be included in the study.

All participants came from the same geograph-
ical area (northern Italy). The study was approved 
by the ethics committee of our institution (Azienda 
Ospedaliera Universitaria Integrata, Verona, Italy) and 
has been carried out according to the Declaration 
of Helsinki. Written informed consent was obtained 
from all the participants after a full explanation of the 
study.

Assessment of Outcome in Follow-Up 
Analysis
Subjects were followed until death or until June 30, 
2012.28 Study subjects’ status was determined by 
searching in the National Population Register and 
by an ambulatory or telephone survey. Certification 
and date of death were obtained from the National 
Population Register. The causes of death were ob-
tained from death certificates kept at the Italian Institute 
of Statistics. Death from cardiovascular causes was 
defined as death caused by ischemic heart disease, 
heart failure, peripheral vascular disease, or cerebro-
vascular disease.

Biochemical Analysis
Samples of venous blood were drawn from each sub-
ject after an overnight fast at the time of enrollment 
before coronary angiography. Serum lipids, as well 
as other CAD risk factors, including high-sensitivity 
C-reactive protein (hs-CRP), were determined at time 
of enrollment as previously described.27

The 4-variable version of the Modification of Diet in 
Renal Disease (MDRD) equation was used to estimate 
the estimated glomerular filtration rate from serum cre-
atinine levels.29

For coagulation analysis, blood was drawn into 
vacuum tubes containing 0.1 part 0.129  mol/L buff-
ered sodium citrate per 10 parts blood. Venous blood 
samples collected at the time of enrollment were cen-
trifuged for 15 minutes at 2500g, stored in 0.5-mL al-
iquots, and frozen at −80°C within 1 hour of sample 
collection. Subsequently, when thawed out, plasma 
samples were centrifuged for 15  minutes at 1500g. 
FII:c was measured on a Behring coagulation timer 
(Dade Behring) by modification of the 1-stage clotting 
method with the use of relative deficient plasma (Dade 
Behring).

D-dimer plasma concentration was assessed 
by means of a particle-enhanced, immuno-turbidi-
metric assay, using the monoclonal antibody 8D3 
(INNOVANCE D-Dimer Assay; Siemens Healthcare 
Diagnostics Products, Marburg, Germany).30 D-dimer 
data were available for 435 out of 823 subjects (52.9%) 
within the group of patients with CAD followed in sur-
vival analysis.

Finally, plasma levels of C-X-C motif chemokine 12 
(CXCL12) were also measured in a subgroup of sub-
jects with CAD (530/823, 64.4%) for whom plasma 
samples were available. CXCL12 was assessed by a 
commercially available ELISA kit (R&D Systems Europe, 
Abingdon, UK). This kit measures the CXCL12-1α vari-
ant, because this chemokine exists in 2 alternatively 
spliced variants. CXCL12-1α is an 89 amino acid poly-
peptide, whereas CXCL12-1β has the identical se-
quence with a 4-residue C-terminal extension. Plasma 
EDTA samples were processed according to the man-
ufacturer’s instruction (product number SSA00) and 
measured in duplicates. The intra-assay and interas-
say coefficients of variations were <5%.

Genotype Analysis for the Prothrombin 
G20210A Polymorphism
DNA was extracted using standard protocols, and 
genotyping was performed as previously indicated (for 
details see Olivieri et al26). Genotype data were availa-
ble for 717 out of the 823 patients with CAD (87.1%) fol-
lowed in the survival analysis and for 714 out of the 750 
subjects (95.2%) not taking anticoagulant drugs and 
with results of the FII:c assay. Because of the limited 
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number of homozygous subjects (only 3 subjects had 
the genotype 20210AA, 2 in the survival analysis and 
1 in FII:c analysis), the statistical calculations were per-
formed categorizing the individuals as carrier or non-
carrier of the variant.

Statistical Analysis
All calculations were performed using the IBM 
SPSS 23.0 (IBM, Armonk, NY) statistical package. 
Distributions of continuous variables in groups were 
expressed as mean±standard deviation. Skewed vari-
ables (ie, triglyceride, hs-CRP) have been logarithmi-
cally transformed, and geometric mean with 95% CI 
was reported. Quantitative data were assessed using 
the Student t test or by ANOVA, with polynomial 
contrasts for linear trend and/or with Tukey post hoc 
comparison when appropriate. Correlations between 
continuous variables were assessed by Pearson test. 
Qualitative data were analyzed with the χ2 test or with 
χ2 for linear trend analysis when indicated.

Survival was assessed by using the Kaplan-Meier 
method (log-rank statistic) and Cox regression. 
Kaplan-Meier curves were used for survival plots 
stratifying the CAD population on the basis of quar-
tile distribution of blood cell counts for each leuko-
cyte subtype. The proportional hazard assumption 
was tested by including time-dependent covariates 
in the Cox model. A time-dependent covariate was 
generated by creating interaction between blood 
cell counts and survival time. Multivariate Cox pro-
portional hazards for both total and cardiovascular 
mortality were performed considering the lowest 
quartile as the reference group. First, all of the blood 
cell counts predicting mortality at univariate analysis 
were included in a Cox regression model with back-
ward stepwise selection of variables (with P>0.10 as 
the critical value for excluding variables in the model) 
to disclose the most robust associations. Then, sig-
nificant results were further assessed by Cox pro-
portional hazard models adjusted for sex, age, and a 
priori identified potential confounders such as myo-
cardial infarction history, smoke, diabetes mellitus, 
hypertension, plasma cholesterol and triglyceride, 
renal function (estimated glomerular filtration rate), 
and inflammatory status (hs-CRP). Subjects with 
missing data were excluded from regression models. 
Hazard ratios (HRs) and 95% CIs are reported with 
2-tailed probability values.

Significant associations between FII:c and blood 
cell counts were evaluated by linear regression models 
estimating standardized β coefficients. To assess the 
predictors of FII:c variability, all of the leukocyte sub-
types showing an association at univariate analysis 
were included in a sex, age, inflammatory marker (hs-
CRP), and CAD diagnosis-adjusted regression model 

with backward stepwise selection of variables, with 
removal if P>0.10.

A value of P<0.05 was considered statistically 
significant.

RESULTS
Leukocyte Subtypes and Survival in 
Subjects With CAD
In the longitudinal study, after a median follow-up of 
61 months, 160 of the 823 subjects with CAD (19.4%) 
died, 107 (13.0%) of whom for cardiovascular causes.

Stratifying the study population according to blood 
cell counts, both total and cardiovascular mortality 
increased progressively from the lowest to the high-
est quartile of neutrophil, eosinophil, basophil, and 
monocyte counts (Figure  1A and 1B). Hemoglobin 
levels also showed a significant association, with 
mortality rate decreasing from the lowest to the high-
est quartile (Figure S1), whereas no association was 
found for lymphocyte and platelet counts (data not 
shown). Time-dependent covariates of blood cell 
counts were included in the Cox models and were 
not significant (P>0.05 in all of the analyses), thereby 
indicating that the proportional hazard assumption 
was not violated.

Including all the blood cell counts predicting mor-
tality at univariate analysis in a Cox regression model 
with backward stepwise selection of variables, only 
neutrophils, basophils, and hemoglobin remained sig-
nificant predictors of total and cardiovascular mortality 
(Table 1).

Therefore, we focused our interest on neutrophil 
and basophil cell counts. Stratifying the study pop-
ulation according to neutrophil cell count, significant 
differences among the quartiles were found for sex, 
smoking habit, total and high-density lipoprotein 
cholesterol, and hs-CRP (Table 2). Of note, subjects 
within the lowest quartile had a particularly reduced 
mortality rate (9.8% in the lowest quartile versus 
27.5% in the highest quartile for total mortality and 
5.2% in the lowest quartile versus 19.7% in the high-
est quartile for cardiovascular mortality). When the 
stratification was performed according to basophil 
count, differences among the quartiles were found 
for sex, smoking habit, renal function, and total and 
low-density lipoprotein cholesterol (Table 3). Subjects 
within the highest quartile of basophil count had a 
particularly increased mortality rate (25.7% in the 
highest quartile versus 17.9% in the lowest quartile 
for total mortality and 18.8% in the highest quartile 
versus 12.5% in the lowest quartile for cardiovascu-
lar mortality). Considering that among granulocytes, 
eosinophils also have been linked with cardiovascu-
lar risk by previous studies.8,31–33 Data showing the 



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

J Am Heart Assoc. 2021;10:e018243. DOI: 10.1161/JAHA.120.018243� 5

Pizzolo et al� Basophils/Neutrophils in Coronary Artery Disease

Figure 1.  Total (A) and cardiovascular (CV) mortality (B) in the study population (n=823) 
stratified on the basis of quartile distribution of neutrophil, monocyte, eosinophil, and basophil 
cell counts.
Lymphocyte cell count was not associated with mortality rate and is not reported in these graphs.  
P values were calculated by log rank for trend.
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population’s characteristics according to eosinophil 
cell count are presented in Table S1.

According to these previous analyses, the best cut-
off values discriminating between different mortality 
rates were identified at the 25th percentile for neutro-
phils, the 75th percentile for basophils, and the 25th 
percentile for hemoglobin. Subjects with a neutrophil 
count higher than the lowest quartile, a basophil count 
within the highest quartile, or hemoglobin levels within 
the lowest quartile had an increased risk of both total 
and cardiovascular mortality (Table 4). The association 
of neutrophils and basophils with both total and cardio-
vascular mortality remained significant after adjustment 
for sex, age, and even all of the main cardiovascu-
lar risk factors including hs-CRP levels (neutrophils 
≥3.180/µL: HR, 1.91 (1.07–3.43) for total mortality, and 
HR, 2.28 (1.02–5.10) for cardiovascular mortality; ba-
sophils ≥60/µL: HR, 1.78 (1.21–2.62) for total mortality, 
and HR, 1.71 (1.05–2.77) for cardiovascular mortality 
(Table 4). Considering the widely recognized relation-
ship between inflammatory markers and WBC counts, 
further analyses were performed. As expected, the risk 
of total and cardiovascular mortality was raised pro-
gressively by increasing hs-CRP levels (Figure S2), and 
hs-CRP remained a significant predictor of mortality 
in the fully adjusted Cox regression model (data not 
shown). Stratifying the study population on the basis 
of hs-CRP levels (median level as threshold value) and 
either neutrophil (25th percentile as threshold value) or 
basophil cell count (75th percentile as threshold value), 
the highest risk of mortality was evident in subjects 
having both high hs-CRP and high neutrophil or baso-
phil cell count (Figures S3 and S4).

In further subgroup analyses, the association of 
neutrophils and basophils with mortality remained 

significant after adjustment for the prothrombin 
G20210A polymorphism (n=717), D-dimer (n=435), and 
CXCL12 plasma levels (n=530).

The carriership of the prothrombin 20210A allele 
was not associated with an increased risk of mor-
tality (Figure S5). The association of both neutrophils 
and basophils with total mortality remained significant 
after adjustment for the carriership of the prothrombin 
20210A allele (neutrophils ≥3.180/µL: HR, 2.09 [1.27–
3.46]; basophils ≥60/µL: HR, 1.86 [1.31–2.65]).

D-dimer levels correlated directly with neutrophil 
count (R=0.146, P=0.002), whereas no correlation 
was found with basophil count (Table S2). High levels 
of D-dimer were associated with an increased risk of 
mortality by Kaplan-Meier survival curves (Figure S6). 
Nonetheless, the association of both neutrophils and 
basophils with total mortality remained significant after 
adjustment for D-dimer levels (neutrophils ≥3.180/
µL: HR, 2.43 [1.25–4.72]; basophils ≥60/µL: HR, 2.29 
[1.49–3.53]).

CXCL12 levels correlated directly with basophil count 
(R=0.110, P=0.011), whereas no correlation was found 
with neutrophil count (Table S3). CXCL12 levels were 
not significantly associated with mortality, although 
subjects within the highest quartile tended to have an 
increased mortality rate (Figure S7). The association of 
both neutrophils and basophils with total mortality re-
mained significant after adjustment for CXCL12 levels 
(neutrophils ≥3.180/µL: HR, 3.06 [1.52–6.13]; basophils 
≥60/µL: HR, 1.88 [1.22–2.88]).

Finally, the study population was stratified in 4 
groups on the basis of both neutrophil and basophil 
cell count, by differently combining patients in the 
lowest neutrophil quartile and patients in the highest 
basophil quartile (Figure 2). Subjects with either high 

Table 1.  Total and Cardiovascular Mortality According to Quartile Distribution of Neutrophils, Basophils, and Hemoglobin*

Quartile Distribution
Total Mortality, HR 

(95% CI) P Value
Cardiovascular Mortality, 

HR (95% CI) P Value

Neutrophils, cell 
count/µL

<3180 1 1

3180–3929 2.26 (1.33–3.85) 0.003 2.99 (1.46–6.12) 0.003

3930–4799 1.74 (1.01–3.01) 0.047 2.13 (1.02–4.45) 0.045

≥4800 2.84 (1.70–4.76) <0.001 2.84 (1.38–5.85) 0.005

Basophils, cell 
count/µL

<20 1 1

20–39 0.99 (0.59–1.66) 0.965 0.99 (0.53–1.87) 0.983

40–60 1.35 (0.81–2.26)) 0.254 1.31 (0.71–2.45) 0.388

≥60 2.05 (1.31–3.20 0.002 1.79 (1.03–3.11) 0.018

Hemoglobin, g/dL <13.2 1 1

13.2–14.19 0.69 (0.47–1.03) 0.068 0.50 (0.30–0.83) 0.007

14.2–15.09 0.43 (0.27–0.69) <0.001 0.48 (0.28–0.81) 0.006

≥15.1 0.42 (0.27–0.45) <0.001 0.35 (0.20–0.61) <0.001

Data are presented as HR with 95% CIs. HR indicates hazard ratio.
*Mortality HRs were estimated by Cox regression analysis according to quartiles of neutrophil, basophil, and hemoglobin levels. Subjects within the lowest 

quartile were considered as the reference group. The analyses were performed by including all blood cell counts predicting mortality at univariate analysis in a 
Cox regression model with backward stepwise selection of variables (with removal if P>0.10). Only significant results are reported.
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neutrophil (≥3.180/µL) or basophil cell count (≥60/µL) 
had an increased mortality rate (P<0.001 by log rank 
for trend), but subjects with both high neutrophil and 
basophil levels had the worst survival rate, with a 3-fold 
increased risk of total mortality (full-adjusted HR, 2.95 
with 95% CI, 1.44–6.03) and even a 4-fold increased 
risk of cardiovascular mortality (full-adjusted HR, 4.01 
with 95% CI, 1.38–11.71).

Leukocyte Subtypes and Plasma 
Coagulant Activity of Factor II
On the associations between blood cell counts and 
FII:c, the general characteristics of the study sample 
are summarized in Table S4. Neutrophil, basophil, lym-
phocyte, and platelet levels correlated directly with FII:c 
at univariate analysis (Table 5). However, after adjust-
ment for blood cell counts, age, sex, hs-CRP, and CAD 
diagnosis, among leukocyte subtypes, only neutro-
phils (standardized β coefficient=0.085; P=0.021) and 
basophils (standardized β coefficient=0.073; P=0.042) 
remained significant predictors of FII:c variability 
(Table  5). These associations were confirmed even 

after adjustment for the carriership of the prothrombin 
20210A allele for both neutrophils (standardized β co-
efficient=0.109; P=0.003) and basophils (standardized 
β coefficient=0.107; P=0.004), as well as in the sub-
group of patients with CAD (neutrophil standardized β 
coefficient=0.165; P<0.001 and basophil standardized 
β coefficient=0.118; P=0.005).

Stratifying the second study population according 
the threshold values defined in the previous longitu-
dinal study, FII:c increased progressively along neu-
trophil or basophil quartiles, from the lowest to the 
highest (Figure 3A and 3B). The effect of neutrophil and 
basophil was independent and additive, with the low-
est FII:c in subjects with low levels of both neutrophils 
(<3180/µL) and basophils (<60/µL) and the highest FII:c 
in those with high levels of both neutrophils (≥3180/µL) 
and basophils (≥60/µL), as shown in Figure 3C. As ex-
pected, carriers of the prothrombin 20210A allele had 
higher FII:c levels, whereas no significant association 
was found with either neutrophil or basophil blood 
cell counts (Table S5). Stratifying the study sample on 
the basis of neutrophils/basophils and prothrombin 
G20210A polymorphism, subjects with high counts of 

Table 2.  Clinical and Laboratory Characteristics of the Study Population in the Longitudinal Analysis According to Quartile 
Distribution of Neutrophil Cell Count

Neutrophil Cell Count

P Value*<3180/µL 3180–3929/µL 3930–4799/µL ≥4800/µL

Total mortality, % 9.8 21.8 18.5 27.5 6.1×10−5

Cardiovascular mortality, 
%

5.2 16.6 14.4 19.7 2.9×10−4

Age, y 61.3±9.2 61.0±9.8 62.7±9.5 62.0±10.1 NS

Male sex, % 75.5 80.1 81.5 83.6 0.040

BMI, kg/m2 26.7±3.2 26.8±3.9 26.7±3.3 26.5±3.7 NS

Smoker, % 59.4 69.7 71.0 70.7 0.017

Hypertension, % 67.5 66.0 65.2 66.3 NS

Diabetes mellitus, % 11.6 15.9 21.6 17.3 NS

Myocardial infarction, % 57.9 57.8 56.2 63.7 NS

eGFR, mL/min 75.6±16.1 73.5±17.3 74.5±18.3 73.2±22.5 NS

Total cholesterol, mmol/L 5.56±1.17 5.60±1.18 5.58±1.22 5.30±1.16 0.027

LDL cholesterol, mmol/L 3.74±1.00 3.72±1.06 3.76±1.09 3.66±0.92 NS

HDL cholesterol, mmol/L 1.24±0.31 1.17±0.32 1.22±0.30 1.12±0.31 0.004

Triglycerides, mmol/L 1.60 (1.49–2.62) 1.76 (1.66–1.86) 1.70 (1.60–1.80) 1.69 (1.59–1.80) NS

hs-CRP, mg/L 2.23 (1.90–2.62) 2.98 (2.52–3.51) 3.94 (3.29–4.72) 7.04 (5.89–8.41) 6.2×10−12

D-dimer, mcg/mL† 0.53 (0.46–0.61) 0.58 (0.51–0.67) 0.58 (0.49–0.68) 0.73 (0.62–0.85) 0.004

CXCL12, pg/mL‡ 2198 (2116–2282) 2234 (2165–2306) 2284 (2206–2364) 2234 (2143–2330) NS

Carriership of 
prothrombin 20210 A 
allele, %§

4.4 3.4 5.5 8.0 NS

BMI indicates body mass index; CXCL12, C-X-C motif chemokine 12; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high-
sensitivity C-reactive protein; and LDL, low-density lipoprotein.

*By ANOVA with polynomial contrasts for linear trend or by χ2 for linear trend, when appropriate.
†D-dimer data were available for 435 out of 823 subjects (52.9%).
‡CXCL12 data were available for 530 out of 823 subjects (64.4%).
§Prothrombin G20210A genotype data were available for 717 out of 823 subjects (87.1%).
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both neutrophils and basophils had increased levels of 
FII:c, similar to the carriers of the prothrombin 20210A 
allele (Figure 4).

DISCUSSION
In the present study, both neutrophil and basophil 
counts, within normal range values, were predictors of 
total and cardiovascular mortality in patients with sta-
ble CAD. In the second part of this study, the same 2 
leukocytes subtypes were directly correlated with FII:c, 
thereby suggesting a link with procoagulant diathesis 
potentially playing a role in acute thrombotic complica-
tions of CAD.

The result of an increased mortality rate according 
to higher WBC count in patients with CAD is consis-
tent with previous findings showing an association be-
tween leucocytes and cardiovascular risk.3–6 There is a 
long-existing and large body of medical literature sup-
porting a biologically plausible relationship between 
CAD and WBC count, especially on neutrophils,34,35 
indicated as predictor of incident cardiovascular 
events stronger than other leukocyte components.36 

However, the role of different WBC subtypes in pre-
dicting CAD risk remains unclear, with mixed and 
sometimes controversial results.37 In our study, many 
WBC counts were associated with mortality rate at 
univariate analysis, but only neutrophils and basophils, 
the latter scarcely investigated before, remained signif-
icant predictors by including all blood cell components 
in the regression model and after adjustment for the 
traditional cardiovascular risk factors. The results were 
also significant by including in the regression model 
hs-CRP plasma levels, which are the best-known 
biomarker of inflammatory status. The risk of mortal-
ity was particularly increased in subjects having both 
high hs-CRP levels and either neutrophil or basophil 
counts. All of these results suggest that both neutrophil 
and basophil cell counts may have a prognostic value 
in CAD beyond and independent of the usual inflam-
matory markers.

It is worth noting that in subgroup analyses, these re-
sults remained significant after adjustment for the pro-
thrombin G20210A polymorphism (ie, a widely known 
genetic determinant of procoagulant diathesis26), 
D-dimer (ie, one of the most extensively investigated 

Table 3.  Clinical and Laboratory Characteristics of the Study Population in the Longitudinal Analysis According to Quartile 
Distribution of Basophil Cell Count

Basophil Cell Count

P Value*<20/µL 20–39/µL 40–60/µL ≥60/µL

Total mortality, % 17.9 15.7 16.3 25.7 0.024

Cardiovascular mortality, 
%

12.5 10.8 11.9 18.8 0.040

Age, y 62.1±10.4 61.4±9.6 61.4±8.9 62.1±9.9 NS

Male sex, % 73.5 81.6 80.8 82.8 0.045

BMI, kg/m2 26.8±4.0 26.4±3.4 26.9±3.4 26.6±3.5 NS

Smoker, % 59.4 69.7 71.0 70.7 0.017

Hypertension, % 66.5 66.7 67.0 65.3 NS

Diabetes mellitus, % 18.3 16.8 17.0 15.1 NS

Myocardial infarction, % 61.1 58.5 59.2 57.6 NS

eGFR, mL/min 77.3±20.9 76.4±17.6 72.5±17.7 71.9±18.6 0.007

Total cholesterol, mmol/L 5.11±1.10 5.42±1.16 5.63±1.20 5.73±1.18 9.9×10−7

LDL cholesterol mmol/L 3.40±0.83 3.55±1.03 3.83±1.03 3.91±1.04 2.2×10−5

HDL cholesterol, mmol/L 1.20±0.37 1.18±0.28 1.18±0.31 1.19±0.29 NS

Triglycerides, mmol/L 1.61 (1.49–1.73) 1.67 (1.57–1.77) 1.73 (1.62–1.84) 1.71 (1.61–1.81) NS

hs-CRP, mg/L 4.78 (3.88–5.88) 3.38 (2.72–4.20) 3.13 (2.64–3.71) 3.80 (3.26–4.42) NS

D-dimer, µg/mL† 0.63 (0.55–0.73) 0.62 (0.54–0.73) 0.54 (0.46–0.64) 0.61 (0.52–0.71) NS

CXCL12, pg/mL‡ 2147 (2040–2260) 2214 (2129–2304) 2247 (2179–2318) 2287 (2217–2359) 0.020

Carriership of prothrombin 
20210 A allele, %§

5.3 6.6 4.9 4.7 NS

BMI indicates body mass index; CXCL12, C-X-C motif chemokine 12; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high-
sensitivity C-reactive protein; and LDL, low-density lipoprotein.

*By ANOVA with polynomial contrasts for linear trend or by χ2 for linear trend, when appropriate.
†D-dimer data were available for 435 out of 823 subjects (52.9%).
‡CXCL12 data were available for 530 out of 823 subjects (64.4%).
§Prothrombin G20210A genotype data were available for 717 out of 823 subjects (87.1%).
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biomarkers of coagulation/thrombosis38), and CXCL12 
plasma levels (ie, a chemokine that modulates leuko-
cytes trafficking and homing and has recently been 
proposed as a potential causal mediator of CAD39,40), 
thereby further supporting the potential prognostic role 
of neutrophils and basophils in CAD.

Considering the relationship found between neu-
trophil/basophil counts and FII:c, we also evaluated 
a major genetic determinant of FII:c, namely, the pro-
thrombin G20210A polymorphism. The associations 
of neutrophil and basophil counts with both FII:c 
and mortality were independent of the prothrombin 
G20210A polymorphism. In our study sample, the 
carriership of the A allele, which is characterized 
by high FII:c levels, was not associated with an in-
creased risk of mortality. However, we should take 
into account that only 38 out of 717 genotyped sub-
jects were carriers of the A allele (36 heterozygous 
and 2 homozygous carriers), with 5 death events 
observed in this subgroup. Therefore, our analysis 
was clearly underpowered to explore the potential 
prognostic significance of the prothrombin G20210A 
polymorphism in subjects with CAD. Studies on 
larger population samples are needed to adequately 
address that issue.

In the longitudinal study, neutrophil cell count, but 
not that of basophils, correlated with D-dimer plasma 
levels. D-dimer is a reliable and sensitive index of fi-
brin deposition and stabilization, thus being indica-
tive of in vivo thrombus formation at one point in time. 
However, its plasma concentration may be high in sev-
eral other conditions unrelated to thrombosis includ-
ing inflammatory disorders.38 In our subanalysis, high 
D-dimer levels were associated with an increased risk 

of mortality at univariate analysis. However, the asso-
ciations of neutrophil and basophil counts with mortal-
ity were substantially unchanged after adjustment for 
D-dimer levels.

In the present work, neutrophil and basophil counts 
predicted mortality independent of the chemokine 
CXCL12 levels. CXCL12, also known as stromal de-
rived cell factor-1, is present in many tissues and con-
stitutively expressed by bone marrow stromal cells. 
CXCL12 plays a role in recruitment and differentiation 
of bone marrow progenitor cells and in trafficking and 
homing of leukocytes,41,42 including neutrophils and 
basophils.43,44 Consistent with earlier studies indicat-
ing that CXCL12 may be important for the recruitment 
and activation of the basophils,45 in our study sample, 
CXCL12 levels correlated with basophil count. Certainly, 
CXCL12 is not a main cytokine regulating the produc-
tion of granulocytes in the bone marrow and their re-
lease into the bloodstream. However, this chemokine 
has been identified as a potential causal mediator of 
CAD in humans with proatherogenic properties,39,40 
and the genomic locus 10q11, hosting the CXCL12 
gene, has been linked with CAD by genome-wide as-
sociation studies.46 Among WBC subtypes, neutrophils 
showed the strongest association with mortality. This 
result was expected, because neutrophils play a cru-
cial role in inflammatory and innate immunity response, 
and several studies have shown a harmful proinflam-
matory role of neutrophils in the development and 
progression of CAD.8,47 As proof of concept, therapies 
reducing neutrophils’ inflammatory response, such as 
colchicine (an agent inhibiting neutrophil chemotaxis 
by interfering with the formation of microtubules)48 and 
canakinumab (a human monoclonal antibody against 

Table 4.  Total and Cardiovascular Mortality According to Neutrophils, Basophils, and Hemoglobin Levels in Different Cox 
Regression Models*

Cox Regression 
Models

Total Mortality HR, 
(95% CI) P Value

Cardiovascular Mortality, HR 
(95% CI) P Value

Neutrophils ≥3180/µL Unadjusted 2.36 (1.48–3.78) <0.001 3.27 (1.71–6.28) <0.001

Age and sex 
adjusted

2.29 (1.43–3.66) 0.001 3.13 (1.63–6.00) 0.001

Full adjusted† 1.91 (1.07–3.43) 0.030 2.28 (1.02–5.10) 0.045

Basophils ≥60/µL Unadjusted 1.84 (1.34–2.53) <0.001 1.79 (1.22–2.64) 0.003

Age and sex 
adjusted

1.77 (1.29–2.44) <0.001 1.70 (1.16–2.51) 0.007

Full adjusted† 1.78 (1.21–2.62) 0.004 1.71 (1.05–2.77) 0.031

Hemoglobin ≥13.2 g/dL Unadjusted 0.59 (0.42–0.81) 0.001 0.61 (0.41–0.91) 0.016

Age and sex 
adjusted

0.62 (0.44–0.87) 0.006 0.70 (0.40–1.08) 0.100

Full adjusted† 0.72 (0.48–1.09) 0.119 0.87 (0.52–1.45) 0.592

Data are presented as HR with 95% CIs. HR indicates hazard ratio.
*Estimated by Cox regression models comparing high versus low levels of neutrophil, basophil, and hemoglobin.
†Estimated by Cox regression models comparing high versus low levels of neutrophil, basophil, and hemoglobin. adjusted for age, sex, myocardial infarction 

history, smoke, diabetes mellitus, hypertension, estimated glomerular filtration rate, plasma lipids (cholesterol and triglyceride), and high-sensitivity C-reactive 
protein levels.

11



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

J Am Heart Assoc. 2021;10:e018243. DOI: 10.1161/JAHA.120.018243� 10

Pizzolo et al� Basophils/Neutrophils in Coronary Artery Disease

interleukin-1-β),49 have been shown to reduce the 
cardiovascular risk. Consistent with such biological 
backgrounds, neutrophil counts, even within what is 
considered the normal range, have been associated 
with cardiovascular events in various study cohorts.50

The link between neutrophils and cardiovascu-
lar events goes beyond inflammation, and recent in-
terest has been addressed to hemostatic pathways. 
Neutrophils are not only able to activate platelets via 
ROS production, but also can stimulate coagulation 
by several mechanisms. Neutrophils increase the ex-
pression of tissue factor by endothelial cells, degrade 
the tissue factor pathway inhibitor by means of neu-
trophil-derived proteinases (eg, cathepsin G),47 and re-
lease NETs,20,22,24,51–56 which may provide a trigger and 
support for thrombus formation. Consistent with these 
concepts, we found a strong direct correlation between 
neutrophil count and FII:c, which may reflect the global 
activation of a coagulation cascade.26 The association 
between neutrophil cell expansion and prothrombotic 
diathesis, although with some still controversial results, 
is now widely recognized.57 Nonetheless, to the best of 
our knowledge, the present work is the first highlight-
ing a direct correlation between neutrophil count and 
FII:c. Although our data on neutrophils are substantially 
confirmatory of previous findings of scientific literature, 
the major novelty in the present study is represented 
by the results on basophils, which is the less-consid-
ered and less-understood leukocyte subtype in clinical 

practice. Basophilia is an unusual condition, potentially 
related to various and different clinical conditions, like 
hypersensitivity reactions, myeloproliferative disorders, 
and hypothyroidism. Data about basophils and CAD 
are scanty so far. In a Japanese study cohort inves-
tigating associations between leukocyte counts and 
CAD risk factors, high basophil count was linked with 
lipid abnormalities, in particular high triglyceride plasma 
levels.58 In the UK Biobank study cohort, the group of 
subjects who died from either cardiovascular or non-
cardiovascular causes also had slightly higher basophil 
counts at univariate analysis.59 In our longitudinal anal-
ysis, basophil cell count was shown for the first time to 
be an independent predictor of total and cardiovascu-
lar mortality in CAD. In the second part of our study, 
basophil cell count was associated with FII:c variability. 
The effects of basophil and neutrophils appeared to 
be additive, with the highest risk of mortality, as well 
as the largest increase of FII:c levels, in subjects with 
both high basophil and high neutrophil counts as com-
pared with those with both low basophil and low neu-
trophil counts (Figures 2 and 3, respectively). Notably, 
subjects with both neutrophil and basophil cell counts 
had increased FII:c, similar to the carriers of the pro-
thrombin 20210A allele, a well-known prothrombotic 
gene variant. This is the first report linking basophil 
with prothrombotic diathesis and cardiovascular risk. It 
is worth noting that there are some molecular grounds 
that may support the biological plausibility of such a 

Figure 2.  Total (A) and cardiovascular (CV) (B) mortality by combining high or low cell 
counts of neutrophils and basophils (C).
Hazard ratio (HR) with 95% CI were calculated by comparing subjects with high cell counts of both 
neutrophils and basophils (G4) versus those with low cell counts of both neutrophils and basophils 
(G1). P values were calculated by log rank for trend. HRs were estimated by sex- and age-adjusted 
and full-adjusted Cox regression models (by including sex, age, myocardial infarction history, 
smoke, diabetes mellitus, hypertension, plasma cholesterol and triglyceride, estimated glomerular 
filtration rate, and high-sensitivity C-reactive protein). B indicates basophils; and N, neutrophils.
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relationship. As neutrophils, basophils also can release 
extracellular DNA traps facilitating coagulation activa-
tion and thrombus formation.60,61 Basophil granules 
contain polyphosphate,62 which is now recognized as 
a procoagulant player in hemostasis and can acceler-
ate blood clotting by activating the contact pathway 
and promoting the activation of factor V.63 Basophils 
can synthetize platelet-activating factor,64 which reg-
ulates platelet aggregation and has been implicated 
in different pathophysiologic mechanisms, including 
thrombosis and tissue ischemia.65 Finally, it is intriguing 
to observe that mast cells, the tissue counterparts of 
basophils, have been proposed to play a pathophys-
iological role in thrombosis and CVD, also beyond al-
lergic acute coronary syndrome (the so-called Kounis 
syndrome66), and novel therapeutic strategies to pre-
vent cardiovascular events via targeting of mast cells 
have been speculated.67,68

In summary, in the present study, we confirm the 
potential prognostic value of WBC counts in CVD. In 
our study cohort of subjects with clinically stable CAD, 
subjects with high neutrophil and basophil counts had 
an increased risk of total and cardiovascular mortality. 
High levels of neutrophil and basophil counts were also 
associated with increased FII:c, thereby suggesting a 
prothrombotic diathesis, potentially representing a link 
between these leukocyte subtypes and cardiovascular 

risk. Such results may be particularly intriguing in terms 
of the data on basophils, which are usually the most 
neglected leukocyte subtype of blood cell count in 

Table 5.  Associations Between Blood Cell Counts and 
Factor II Coagulant Activity at Univariate Analysis and 
by Including All Blood Cell Counts in Sex, Age, High-
Sensitivity C-Reactive Protein, and Coronary Artery 
Disease–Adjusted Regression Model*

Standardized β 
Coefficient P Value

Univariate analysis

Hematocrit 0.029 NS

Hemoglobin −0.021 NS

Red blood cells 0.038 NS

Platelets 0.254 1.8×10−12

White blood cells, 
total

0.148 4.5×10−5

Lymphocytes 0.081 0.027

Monocytes −0.001 NS

Neutrophils 0.134 2.3×10−4

Eosinophils 0.028 NS

Basophils 0.113 0.002

Adjusted analysis†

Platelets 0.198 7.9×10−8

Neutrophils 0.085 0.021

Basophils 0.073 0.042

CAD indicates coronary artery disease, NS, not significant.
*The analyses were performed in 750 subjects (554 CAD and 196 CAD-

free) not taking anticoagulant drugs.
†Only significant associations are reported.

Figure 3.  Factor II plasma coagulant activity (FII:c) in subjects 
not taking anticoagulant drugs (n=750) stratified on the basis 
of quartile distribution of neutrophil (A) and basophil cell 
counts (B), or by combining neutrophil and basophil levels (C).
P values were calculated by ANOVA for linear trend. B indicates 
basophils; and N, neutrophils.
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clinical practice. However, the interpretation of these 
results should be taken with caution.

The present study had important limitations, in-
cluding the relatively limited sample size and the low 
prevalence of women, as well as the lack of FII:c 
data in patients with CAD of the longitudinal study. 
The limitations because of the small sample size ap-
peared particularly evident in subgroup analyses. For 
instance, in the case of the prothrombin G20210A 
polymorphism, the limited number of the carriers of 
the A allele did not allow us to draw any conclusions 
about the survival analysis. Moreover, there was the 
lack of some laboratory analyses, like plasma lev-
els of cell-free DNA or myeloperoxidase-DNA com-
plexes, which are considered as potential markers of 
NETs and could be useful in investigating the com-
plex relationships between leukocytes and coagu-
lation.69 Finally, we relied on a single measurement 
of blood cell count and, although we excluded overt 
leukocytosis or leukopenia, such value could be af-
fected by short-term physiological changes. On the 
other hand, our study possessed some strengths 
such as the clear-cut, angiographically demon-
strated phenotypes of the study population and the 
complete adjustment for the traditional cardiovascu-
lar risk factors, including markers of inflammation. 
On the associations between blood cell counts and 
FII:c, we should take into account that all patients 
with CAD were taking antiplatelet drugs, mostly low-
dose aspirin, and aspirin has been shown to impair 
generation of thrombin in clotting blood.49 However, 

it is worth noting that FII:c was assessed in plate-
let-poor plasma, thereby limiting the potential influ-
ence of platelet-related mechanisms on coagulation. 
Moreover, the associations between FII:c and neutro-
phil/basophil counts were confirmed after adjustment 
for CAD diagnosis, even in the subgroup of patients 
with CAD, who were all exposed to antiplatelet drugs. 
We should also take into account that thrombin has 
been proposed as a growth factor for several cell 
types, including leukocytes.70–73 However, the results 
showing the independent effects on FII:c in respect 
of the prothrombin G20210A polymorphism, which 
in turn was not associated with either neutrophil and 
basophil counts, support more the hypothesis that 
neutrophils and basophils may influence FII:c, rather 
than FII:c could stimulate cellular populations of neu-
trophils and basophils. As with any observational 
study, the results cannot imply causation, and fur-
ther studies are needed to replicate and clarify these 
findings. Nonetheless, our results may have signifi-
cant clinical implications by supporting the potential 
prognostic importance of WBC counts in the setting 
of secondary prevention of CAD. These inexpensive 
and widely available tests may help to identify sub-
jects at increased cardiovascular risk and, hypothet-
ically, also those who could have the largest benefit 
from supplementary therapeutic approaches (eg, 
anti-inflammatory drugs or low-dose anticoagulants).
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