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Abstract

Recently published data demonstrated that peripheral arterial disease (PAD) is well associated with some hematological parameters. However, data in acute onset PAD 
is scarce. We aimed to search baseline hematological parameters in angiographically proven lower extremity PAD with chronic and acute thrombotic occlusions. In this 
retrospective study, angiographically proven 172 PAD patients (121 chronic and 51 acute thrombotic cases) and 80 control subjects (without documented coronary and 
peripheral arterial disease) were enrolled to this study and divided into three groups as chronic, acute PAD and control groups. Demographic characteristics, laboratory 
data and angiography findings of the participants were obtained from computerized database and patient files. All groups were statistically similar with regards to baseline 
clinical and demographic features. WBC and the neutrophils count were found higher whereas the lymphocyte and eosinophil counts were found lower in acute PAD group 
than chronic PAD and control group. In PAD group (acute and chronic), the median Fontaine stage was significantly positive correlated with N/L ratio and significantly 
negative correlated with eosinophil count. In multivariable logistic regression analysis, in addition to sex presence of diabetes mellitus and smoking, eosinophil count was 
found an independent predictor for the development of acute PAD. As well as N/L ratio, eosinophil count is associated with acute development of PAD rather than chronic 
process and may be used as a diagnostic marker for this purpose in patients undergoing percutaneous intervention.  
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Introduction

Lower extremity peripheral arterial disease (PAD) is usually 
associated with atherosclerosis. However, thrombosis is also 
common especially in patients with recent onset of symptoms 
and acute limb ischemia [1]. Hemogram parameters, which 
are easily accessible biomarkers, are routinely used in clinical 
practice. Recent studies showed that hemogram parameters are 
associated with intravascular inflammatory activity during the 
acute vascular events [2,3]. It has been noted that inflammation 
is an important pathological process underlying atherosclerosis. 
Inflammation may contribute to initiation and as well as 
progression of atherosclerosis [4]. In hematological parameters, 
especially neutrophils may contribute to the development of 
atherosclerosis and atherothrombotic events [5,6]. Nowadays, 
hemogram parameters are recognized as prognostic markers of

many diseases including atherosclerosis [4,5,7-10]. Although 
role of hematological parameters has been widely investigated in 
patients with PAD [7-10], there is no data during acute thrombotic 
phase.

In current study, we aimed to search baseline hematological 
parameters in angiographically proven lower extremity PAD with 
chronic and acute thrombotic occlusions.

Materials and Methods

Patients who underwent lower extremity angiography due to acute 
limb ischemia or intermittent claudication between April 2017 
and March 2019 at Bolu Abant Izzet Baysal University Hospital 
were retrospectively enrolled to the study. PAD was defined as 
presence of >50% luminal narrowing in lower extremity arterial 
vessels. Patients with sudden onset of symptoms within 14 days 
and suspicion of acute thrombosis on Doppler ultrasound and/or 
angiography and the lesions which are easily crossed with wires 
during percutaneous intervention and/or well responded to catheter 
directed thrombolysis were categorized as acute (thrombotic) PAD 
group (n=51) and patients with more than 50% lumen narrowing in 
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lower extremity arterial vessels without acute lesion characteristics 
as chronic PAD group (n=121). Fontaine classification was used 
for categorization of severity of PAD. Control group (n=80) was 
selected among patients having normal coronary and having no 
claudication symptoms with palpable peripheral pulses.

Patients with a history of recent infectious states, surgery, heart 
failure, acute coronary syndrome, severe valvular disease, previous 
surgical or endovascular lower limb revascularization, hepatic 
failure, severe renal insufficiency, presence of malignancies and 
use of anti-inflammatory and /or immune-modulatory agents were 
excluded from the study. The institutional board was approved 
the study. The patients' files were retrospectively reviewed and 
demographic characteristics, angiographic findings and hemogram 
parameters of the patients were recorded. By dividing the 
neutrophil to lymphocyte count the NLR was calculated.

The study was conducted according to the Helsinki Declaration 
and approved by the our university clinical researches ethics 
committee (2019/385). A written and verbal informed consent was 
obtained from each subject.

Statistical analysis 

SPSS (version 16; SPSS Inc. Chicago, Illinois) software was 
used to perform statistical analysis. Data were presented as mean 
± standard deviation and nonparametric data were expressed 
as number and percentages of the total. For homogeneous 
distributed data, one-way ANOVA test was used, and Tukey’s 
HSD was performed for post hoc analyses. Heterogeneously 
distributed parameters were compared with Kruskal-Wallis test. 
Data between the groups were compared with Chi-square test 
for qualitative variables and student-t test or Mann-Whitney U 
test for quantitative variables. The correlations of hematological 
parameters with other study parameters were evaluated either 
via Pearson or Spearman correlation tests. A logistic regression 
analysis was used to determine independent factors for acute PAD. 
A p value below 0.05 were considered significant.

Results 

There were 121 patients in chronic PAD group and 51 patients 
in acute thrombotic group. Eighty subjects were enrolled in the 
control group. Demographic and clinical characteristics of control 
and PAD groups were similar (Table 1). 

The WBC (9.08(5.29-23.70) vs. 8.17(2.15-22.70), 7.16(3.83-
11.80) respectively; p<0.001) and the neutrophils count (6.11(2.90-
21.70) vs. 5.31(1.68-21.50), 4.18(1.70-11.80) respectively; 
p<0.001) were found higher whereas the lymphocyte (1.16(0.58-
4.07) vs. 1.65(0.51-5.40), 2.13(0.50-5.99) respectively; p=0.02) 
and eosinophil counts (0.087(0.003-0.350) vs. 0.151(0.002-
1.050), 0.119(0.002-0.620) respectively; p=0.04) were found 
lower in acute PAD group than chronic PAD and control group. 
Compared to control group median neutrophil and WBC counts 
were significantly higher in PAD groups with a significantly 
higher level in acute thrombotic group (p<0.001) (Table 2). Mean 
lymphocyte count was significantly lower in acute PAD group 
than chronic PAD and control group (p=0.02). As expected, the 
NLR was higher in acute PAD group than chronic PAD and control 
group (3.50(0.98-37.16) vs. 3.09(0.88-32.39), 1.92(0.60-11.81) 
respectively; p<0.001) (Table 2). 

Frequencies of severity of critical limb ischemia in chronic and 
acute PAD groups was as follow: Fontaine stage IIa (non-disabling 
claudication): 14 (11.6%), versus 0, Fontaine stage IIb (disabling 
claudication): 43 (35.5%), versus 4 (7.8%), Fontaine stage III 
(ischemic rest pain): 25 (20.7%), versus 41 (80.4%), Fontaine 4 
(ulceration or gangrene): 39 (32.2), versus 6 (11.8%). Correlation 
analysis revealed that there was a significantly weak positive 
correlation between Fontaine stage and NLR, and a significantly 
very weak negative correlation and eosinophil count in PAD 
groups (acute and chronic) (r=0.179, P=0.019 and r= -0.225, 
P<0.01) (Table 3).

In multivariable logistic regression analysis, eosinophil count: 
OR=2.14, 95% CI(1.97,2.29) P<0.01, presence of diabetes mellitus: 
OR=3.19, 95% CI(2.88,3.42) P<0.01, gender: OR=3.01, 95% 
CI(2.60,3.50) P<0.01 and smoking: OR=2.36, 95% CI(2.01,2.63) 
P<0.01 were independent predictors of acute PAD (Table 4).

Table 1. General characteristics of the study groups

Control (n=80) Chronic PAD (n=121) Acute PAD (n=51) P value

Age (years)* 66±7 68±10 68±13 0.31

Body mass index, kg/m2* 26±3 27±5 26±4 0.23

Systolic BP, mmHg* 122±15 127±16 125±10 0.87

Diastolic BP, mmHg* 74±9 71±9 72±10 0.72

Creatinine, mg/dl+ 0.82(0.66-2.14) 1.08(0.58-1.32) 0.97(0.68-1.12) 0.69

Fasting glucose, mg/dl+ 102(76-413) 118(42-497) 115(56-337) 0.10

Male/Female, n 56/24 69/51 33/18 0.22

Hypertension, n 50(63%) 70(58%) 28(55%) 0.09

Smoking, n 18(23%) 29(24%) 10(20%) 0.32

Diabetes mellitus, n 31(38%) 44(36%) 20(39%) 0.25

Hyperlipidemia, n 23(28%) 29(24%) 13(25%) 0.21

* Mean ±standard deviation, + Median (minimum-maximum), PAD: Peripheral artery disease, BP: Blood pressure

doi: 10.5455/medscience.2021.06.213			   			           Med Science 2022;11(1):111-5



113

Discussion

To the best of our knowledge, this is the first study showed that 
eosinophil may have a role in acute thrombotic occlusion of patients 
having PAD. In this study, we found significant differences between 
the acute and chronic PAD groups for the level of neutrophil and 
eosinophil count and the results of our study indicated that initial 
eosinophil count may play an important role in the detection of 
acute thrombotic PAD development.

Shah et al. in their observational study researched eosinophil and 
lymphocyte counts in general healthy population for unheralded 
incidence of cardiovascular (CVS) events. They included 775 
231 individuals ≥30 years old without CVS disease. Fifty-five 
thousand and four subjects presented with CVS disease over 
a median follow-up of 3.8 years. Reduced lymphocyte and 
eosinophil levels were found to be strongly related with increasing 
short-term incidence of heart failure and coronary caused death. 

doi: 10.5455/medscience.2021.06.213			   			           Med Science 2022;11(1):111-5

Table 2. Hemogram parameters of the study cohort

Control (n=80) Chronic PAD (n=121) Acute PAD (n=51) P value

Hemoglobin, g/L* 13.4±1.5 13.0±1.9 13.0±2.0 0.28a

MPV, fl * 8.1±1.5 7.8±1.5 7.7±1.4 0.24a

Platelet counts, k/mm3+ 240(130-391) 242(63-501) 225(152-391) 0.54a

WBC count, ×109/L+ 7.16(3.83-11.80) 8.17(2.15-22.70) 9.08(5.29-23.70) <0.001a

<0.02b

Eosinophil count, ×109/L+ 0.119(0.002-0.620) 0.151(0.002-1.050) 0.087(0.003-0.350) 0.11a

0.04b

Lymphocyte count, ×109/L+ 2.13(0.50-5.99) 1.65(0.51-5.40) 1.16(0.58-4.07) 0.02a

0.009b

Neutrophil count, ×109/L+ 4.18(1.70-11.80) 5.31(1.68-21.50) 6.11(2.90-21.70) <0.001a

0.019b

NLR+ 1.92(0.60-11.81) 3.09(0.88-32.39) 3.50(0.98-37.16) <0.001a

0.019b

* Mean ±standard deviation, + Median (minimum-maximum), a difference between all groups, bdifference between chronic and acute thrombotic PAD groups 
PAD: Peripheral artery disease, MPV: Mean platelet volume, WBC: White blood cell, NLR: Neutrophil to lymphocyte ratio.

Table 3. Correlation analysis results between study parameters with Fontaine stage

r p

Age -0.12 0.33

Fasting glucose 0.12 0.31

Systolic BP, mmHg 0.27 0.02

Eosinophil count -0.32 0.01

Lymphocyte count 0.34 <0.001

Neutrophil count -0.17 0.25

NLR 0.36 0.001
BP: Blood pressure, NLR: Neutrophil to lymphocyte ratio.

Table4. Multivariable logistic regression analyses results for predicting acute PAD 

Adjusted OR (95%CI) P Unadjusted OR (95%CI) p

Age, year 1.12(1.06-1.8) 0.47 1.37(1.26-1.88) 0.23

Sex, female 2.03(1.97-2.1) 0.06 3.01(2.60-3.50) <0.01

Smoking 2.99(2.77-3.11) <0.01 2.36(2.01-2.63) <0.01

Presence of DM 1.99(1.78-2.27) 0.02 3.19(2.88-3.42) <0.01

MPV 0.54(0.32-1.24) 0.54 0.81(0.62-1.94) 0.45

Platelet counts 2.31(2.10-5.10) 0.82 1.03(0.45-2.40) 0.90

WBC count 1.72(1.70-2.07) 0.11 1.61(0.77-2.79) 0.62
Eosinophil count 1.94(1.78-2.14) 0.03 2.14(1.97-2.29) <0.01

NLR 1.04(0.41-3.07) 0.61 2.17(1.93-4.12) 0.2

PAD: Peripheral artery disease, MPV: Mean platelet volume, WBC: White blood cell, NLR: Neutrophil to lymphocyte ratio, DM: Diabetes mellitus, OR: Odds ratio, 
CI: Confidence interval
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Additionally, low eosinophil levels were found negatively 
correlated with PAD (hazard ratio (HR) 0.63, 95% confidence 
interval (CI) 0.44 to 0.89) [11]. High eosinophil levels were found 
to be slightly correlated with increased risk of PAD (HR 1.03, 95% 
CI 1.01 to 1.04, P=0.003). In addition, no correlation was found 
between high eosinophil levels and other CVS diseases (angina 
pectoris, ischemic stroke, and myocardial infarction (MI) etc.). It 
is uncertain how strongly eosinophil counts can be associated with 
the several CVS diseases. Although we found lower lymphocyte 
counts in PAD patients in accordance with Shah et al. we found no 
significant difference between eosinophil counts of control subjects 
and angiographically proven severe PAD. However, eosinophil 
counts were significantly lower in acute thrombotic peripheral 
artery occlusions. Shah et al. evaluated data of previously healthy 
subjects electronically and thrombotic nature of the presentations 
could not be defined in their study. Also they did not define the 
hemogram parameters at the time of CVS events.

Immediately after acute coronary events the eosinophil levels 
increase, and large number of eosinophils are detected in the 
content of coronary thrombus [6]. Additionally, lower eosinophil 
levels were found to be associated with worse outcome in patients 
undergoing percutaneous coronary intervention [12]. It was 
reported that, compared to unstable angina eosinophil counts were 
lower in MI which has a broader burden of thrombi [13]. Therefore, 
there may be a probable negative correlation between eosinophil 
count and thrombus burden. The role of eosinophils on the 
pathogenesis of thrombus is unclear. The content of eosinophilic 
granules may activate the inflammatory cells. It has been reported 
that eosinophilic granule proteins like major basic protein and 
peroxidase directly activate platelets and leads thrombus formation 
by inhibiting thrombomodulin [14,15]. In addition, release of 
potent peroxidase products by activated eosinophils may induce 
prothrombotic and proinflammatory state in endothelial cells 
[16]. Eosinophils are the resource of interleukin 17, a circulating 
pro-inflammatory cytokine, which is associated with coronary 
instability [17]. A major eosinophilic infiltration was shown in 
larger red thrombi rather the atherosclerotic plaques [10]. Another 
suggested mechanism is that the tissue factors released from 
eosinophils may adhere to factor VII and trigger the coagulation 
cascade [18]. Combining our finding of lower eosinophil counts 
in acute thrombotic PAD with mentioned reports, it can be 
hypothesized that eosinophils may accumulate in thrombotic 
lesions with a resultant decrease in systemic circulation.

In the present study we found that neutrophil count was increased 
in PAD with higher levels in acute thrombotic occlusions. NLR is 
increased in both PAD groups compared to control. However NLR 
was found similar between chronic cases and acute presentation. 
NLR has been associated various conditions including coronary 
artery disease and PAD [5,19]. An elevated NLR has been reported 
to predict mortality in chronic critical limb ischemia [20]. Erturk 
et al. had investigated NLR in 508 symptomatic PAD patients 
retrospectively. They categorized patients to high (>3.0) and low 
(≤3.0) NLR groups. The patients in the higher NLR group were 
older and the frequency of critical limb ischemia was found to 
be high in this group (P=0.019). The frequency of renal failure 
and intermittent claudication was found to be higher in the low 
NLR group (P=0.012 and P=0.019). In high NLR group, the 
cardiovascular mortality was found significantly higher compared 

to low NLR group (23.6%versus 9.8%; P<0.001) [21]. We have 
found a weak but significant correlation between severity of PAD, 
assessed by Fontaine stage, and NLR. However, we did not have a 
follow up data to assess its value for future prognosis.

There are some suggestions for the association of NLR with CVS 
events. Arbel et al. reported that a high NLR may be useful to 
predict all-cause mortality in patients with ST-elevation MI 
independent of a serum C-reactive protein [22]. They suggested 
that reduced lymphocyte level was induced by increased 
concentration of cortisol, and activated neutrophils induced the 
production of various molecules related to impairment of tissues, 
such as myeloperoxidase. Furthermore some authors suggested that 
increased cortisol levels in patients with MI may be responsible for 
reduced eosinophil count in MI compared to unstable angina [8]. 
Our similar finding of higher NLR in PAD and lower eosinophil 
counts in acute thrombotic presentation may be because of cortisol 
and other mediators.

Recently Velioglu et al. [19] reported mean platelet volume (MPV) 
as an independent predictor of PAD. However, Ozluk et al. [23] 
did not find significant changes in MPV levels in angiographically 
documented PAD patients. We also did not find a significant 
change in mean MPV levels of PAD patients.

Limitations

The major limitation of our study is that it was retrospective and 
single centered. Another limitation is the lack of measurement of 
other factors like CRP, major basic protein, eosinophilic cationic 
protein, peroxidase, and other cytokine levels that may interfere 
with inflammation and thrombosis. Lack of clinical follow-
up is another limitation. The control groups were selected only 
according to their physical examination. It should be better to 
select the control patients with doppler USG.

Conclusion

In the present study a negative correlation was found between the 
blood eosinophil count and thrombotic state in PAD and a positive 
correlation of NLR with presence and severity of PAD. Therefore, 
presence of low eosinophil and high neutrophil counts and a high 
NLR in a recent onset symptomatic PAD may lead physician to 
a higher probability of acute thrombotic state rather than chronic 
occlusion.
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