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Abstract: Background and Objectives: Atherosclerosis is a multifactorial process in which inflammatory
markers have both therapeutic and prognostic roles. Recent studies bring into question the importance
of assessing new inflammatory markers in relation to the severity of peripheral artery disease
(PAD), such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and
lymphocyte-to-C-reactive protein ratio (LCR). Materials and Methods: We conducted a retrospective
and descriptive study including 652 patients with PAD, who were divided into two groups according
to the severity of the ankle-brachial index value: mild and moderate obstruction (257 patients) and
severe obstruction (395 patients). We evaluated demographics, anthropometric data and clinical
and paraclinical parameters in relation to the novel inflammatory biomarkers mentioned above.
Results: Weight (p = 0.048), smoking (p = 0.033), the number of cardiovascular risk factors (p = 0.041),
NLR (p = 0.037), LCR (p = 0.041) and PLR (p = 0.019), the presence of gangrene (p = 0.001) and
the number of lesions detected via peripheral angiography (p < 0.001) were statistically significant
parameters in our study. For the group of patients with severe obstruction, all three inflammatory
biomarkers were statistically significantly correlated with a serum low-density lipoprotein—cholesterol
level, the number of cardiovascular risk factors, rest pain, gangrene and a risk of amputation. In
addition, directly proportional relationships were found between NLR, PLR and the number of
stenotic lesions (p = 0.018, p = 0.016). Also, NLR (area under the curve <AUC> = 0.682, p = 0.010)
and PLR (AUC = 0.692, p = 0.006) were predictors associated with a high risk of amputation in
patients with an ABI < 0.5. Conclusions: in our study, we demonstrated the importance of assessing
inflammatory markers in relation to the presence of cardiovascular risk factors through the therapeutic
and prognostic value demonstrated in PAD.

Keywords: peripheral artery disease; biomarkers; inflammation; cardiovascular risk; neutrophil-to-
lymphocyte ratio; platelet-to-lymphocyte ratio; lymphocyte-to-C-reactive protein ratio
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1. Introduction

Peripheral arterial disease (PAD) is one of the main atherosclerotic cardiovascular
diseases, and its prevalence has increased, despite the large-scale implementation of pri-
mary prevention strategies in recent years [1]. More than 50% of patients with PAD are
asymptomatic, leading to a high rate of complications related to increased morbidity and
mortality in the absence of multidisciplinary and integrative management approaches used
to reduce the risk of a potentially fatal acute vascular event [2—4].

In general, 3-4% of amputations that occur annually have obstructive atherosclerotic
lesions as their morphopathological substrate, leading to negative prognostic effects in the
medium and long term. From a pathophysiological point of view, the atherosclerotic process
has a multifactorial origin, with inflammation playing an important role in mediating the
processes involved in the progression and destabilization of atherosclerosis [5,6].

PAD is frequently associated with both classic and new cardiovascular risk factors.
Of the latter factor type, the pro-inflammatory status, through new inflammatory markers
with anti-inflammatory roles, has attracted the interest of the scientific community both in
terms of its potential prognostic role and future therapeutic targets among patients with
PAD and HE

The complete blood count is one of the most common biological determinations,
and it can provide details associated with the presence of a pro-inflammatory sta-
tus [2,7]. Recent studies published in the literature have demonstrated the prognostic
roles of several inflammatory markers derived from complete blood count and lipid
profile analysis performed in these patients. The neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), white blood cells-to-mean platelet volume ratio
(MPV), and lymphocyte-to-C-reactive protein ratio (LCR) are potential inflammatory
biomarkers with prognostic value among patients with PAD [8]. The systemic immune-
inflammation index [9], monocyte-to-high-density lipoprotein (HDL) cholesterol ratio
and lymphocyte-to-HDL ratio [10] are biomarkers with important roles in atherogene-
sis, in addition to those previously mentioned roles.

The possibility that easy and accessible dosing of these markers can provide meaning-
ful clues regarding the patient’s evolution is the main incentive to explore them. The studies
available in the literature to date have separately addressed the issue of pro-inflammatory
status in relation to PAD or cardiovascular risk in general.

Recent data from the literature bring to light a number of new, easy-to-use and re-
producible inflammatory molecules, such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and lymphocyte-to-C-reactive protein ratio (LCR) [11,12].
Their use as markers associated with the presence of cardiovascular risk factors or severity
of obstruction and clinical picture of patients with PAD is limited to date, which justifies
the current study. NLR and PLR have previously been shown to be predictors of the risk of
an acute vascular event occurring [10,13]. These molecules may also serve as future thera-
peutic targets for these patients, as the prognostic role of anti-inflammatory medication in
patients with atherosclerotic disease has previously been demonstrated in numerous clini-
cal trials [14,15]. Nucleotide oligomerization domain-like receptor family, pyrin domain
containing 3 (NLRP3) and interleukin 6 (IL-6) are other inflammatory markers that have a
demonstrated role in modulating the inflammatory processes involved in the development
and progression of atherosclerosis [16]. In the case of NLRP3, previous clinical research has
demonstrated the existence of elevated serum levels of this marker in patients with PAD,
together with evidence of a correlation between this marker, macrophage accumulation
and the degree of calcification of the arteries [17].

In this study, we aim to identify a series of clinico-biological particularities by analyz-
ing a group of patients diagnosed with PAD, as well as assess the efficiency and efficacy of
using new inflammatory biomarkers, and, therefore, provide practicing cardiologists with
a feasible and easy-to-apply tool with both prognostic and therapeutic roles.
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2. Materials and Methods
2.1. Study Design

We conducted a retrospective and descriptive study involving 688 consecutive patients
diagnosed with PAD and evaluated in the Cardiology Department of “St. Spiridon” Hos-
pital. Thirty-six patients were excluded from the initial group due to incomplete medical
records (angiographic evaluation or biological parameters). Thus, the final study group
consisted of 652 patients with PAD evaluated in a multidisciplinary manner (Figure 1).

Inclusion criteria Established diagnosis of PAD (according to the ESC guidelines)

Exclusion criteria Age <18 years old

Incomplete data regarding previously treatment/investigations

Total recruited participants
n=688

36 patients- incomplete medical records
(angiographic evaluation or biological parameters)

Final study group
n =652

Figure 1. Flow chart of the studied group (PAD: peripheral artery disease; ESC: European Society
of Cardiology).

Inclusion criteria were being over 18 years of age, a definite diagnosis of PAD according
to the clinical guidelines of the European Society of Cardiology [18] and the provision by
those who wished to participate in this study of signed and informed consent. Exclusion
criteria were being under 18 years of age, a lack of informed consent and incomplete
medical records.

In the absence of a definite diagnosis of PAD established via vascular Doppler ul-
trasound or peripheral angiography, the presence of symptoms suggestive of PAD was
assessed. Symptoms suggestive for PAD were intermittent claudication (IC), presence of
paresthesia in the lower limbs, a lack of pilosity, cold and pale skin, petechiae and the
presence of dermatitis or ulcers caused by decreased vascularity.

2.2. Measurements
2.2.1. Comorbidities and Laboratory Data

We included demographic, anthropometric and paraclinical (biological and imaging)
parameters in our study. Anamnesis revealed the presence of major cardiovascular risk
factors, such as hypertension [19], diabetes mellitus [20], dyslipidemia [21], smoking,
obesity and a sedentary lifestyle. Smoking was quantified as “pack years”, with a pack
year being measured as 20 cigarettes being smoked daily for one year [22].

Medical data regarding demographics, personal medical history, tobacco, alcohol
consumption habits and chronic medication were obtained from the observation charts.
Body mass index (BMI) was calculated as the ratio of weight (kg) to height (m?).

A calibrated medical scale was used to assess the body weights of patients included
in the study according to international standards. The measurement was performed for
each patient on an unweighted basis, with patients removing clothing considered likely
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to generate significant weight fluctuations. The blood pressure profile was assessed in all
patients enrolled in the study, with the main components used in the statistical analysis
being systolic blood pressure (SBP, mmHg), diastolic blood pressure (DBP, mmHg) and
pulse pressure (PP, mmHg).

The parameters of lipid (total cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, and triglycerides) and carbohydrate profile (serum glucose),
inflammatory markers (serum fibrinogen) and renal function (serum creatinine and urea)
were evaluated. In addition to the biological parameters usually evaluated in all patients
with associated cardiovascular pathologies, based on complete blood counts, we calculated
a series of new biomarkers with proven roles, as shown in the literature, in the assessment
of inflammatory status, such as NLR, PLR and LCR. NLR was calculated as the ratio of
absolute neutrophil (N) to lymphocyte (L) values. PLR was calculated as the ratio of
absolute platelets (P) to L values. LCR ratio was calculated as the ratio of absolute L to
hs-CRP values. All results were presented according to the International System of Units.

2.2.2. Transthoracic Echocardiography

Transthoracic echocardiography was performed at the first evaluation based on Euro-
pean guidelines (European Association of Cardiovascular Imaging) related to the purpose
of the functional and morphological assessment of the heart [23]. All imaging examinations
were performed using the same echocardiograph (Toshiba Aplio 500 Series, Toshiba Medi-
cal Systems Corporation, Otawara, Tochigi, Japan) by the same experienced cardiologist.
Left ventricle (LV) systolic function was assessed by calculating the LV ejection fraction
(LVEF) via the Simpson biplane method.

2.2.3. Angiography

Peripheral angiography is the gold standard method of diagnosis and treatment
in PAD. Prior to the procedure, all patients were informed of the risks and potential
complications associated with the minimally invasive procedure. Biological samples were
taken from all patients (especially renal function, complete blood count, blood group,
and hemostasis parameters), and a venous line was fitted. In diabetic patients receiving
Metformin treatment, it was recommended to discontinue treatment 24 h prior to the
procedure and resume it after 48 h to reduce the risk of associated nephrotoxicity.

The angiography technique is the standard method used in all interventional cardiol-
ogy centers [24,25]. Contrast medium injection was performed, allowing the visualization
of the arterial system at the aorto-iliac, femuro-popliteal and infra-popliteal levels. In
patients with stenotic lesions with indication of interventional revascularization, this proce-
dure was performed in accordance with clinical protocols. All angiograms were performed
by the same cardiologist. The severity of atherosclerotic lesions and their indication for
interventional revascularization were determined using The Global Limb Anatomic Staging
System (GLASS) [26]. The risk of amputation was assessed using the WIfl classification,
taking into account the trophic lesions present, as well as ischemia or associated leg infec-
tions. The WIfl classification takes into account the presence of the three main components
of trophic lesions, signs of ischemia and the presence of infection in the foot (scored from
0 to 3 points depending on their severity). As for the trophic lesion, it was quantified as
follows: O—rest pain, no ulcer; 1—small, superficial ulcer, located distal or at the level of
the foot, without gangrene; 2—deep ulcer with exposure of bone, joint or tendon, possibly
with gangrene limited to the toes; 3—deep, extensive ulcer affecting the calf, possibly with
calcaneal or extensive gangrene. In case of ischemia, 0 points indicated an ABI greater than
or equal to 0.8, an ankle BP greater than 100 mmHg and a halo BP greater than 60 mmHg;
1 indicated an ABI between 0.6 and 0.79, an ankle BP between 70 and 100 mmHg and a
halo BP between 40 and 59 mmHg; 2 indicated an ABI between 0.4 and 0.59, an ankle BP
between 50 and 70 mmHg and a halo BP between 30 and 39 mmHg; and 3 indicated an
ABI below 0.4, an ankle BP below 50 mmHg and a halo BP below 30 mmHg. Foot infection
was quantified as follows: 0—no signs or symptoms of infection; 1—local cutaneous and
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subcutaneous cellular tissue infection; 2—deeper local infection than the previous category;
3—systemic inflammation present [27].

2.3. Statistical Analysis

We used the Statistical Package for the Social Science (SPSS) statistics software (version
26 for Windows; SPSS Inc., Chicago, IL, USA) to perform statistical analysis of the parame-
ters presented above. The results obtained were reported as mean =+ standard deviation
(SD) for the numerical parameters or frequency and percentages for categorical parameters.
We tested the normal distribution of the data using the Kolmogorov-Smirnov test. The
independent T-test and ANOVA (one way analysis of variance) were used to perform the
analysis of continuous variables. Pearson’s and Spearman’s (r) correlation coefficients
were used to test the reliability of statistically significant correlations identified in our
study. A p-value of <0.05 was considered to be the threshold of statistical significance. The
results are presented in Tables 1 and 2. Receiver operating characteristic (ROC) analysis
was performed to calculate the area under the curve for the biomarkers included in the
study in order to identify predictors associated with severe obstructions. The Bonferroni
Correction Method was used to perform multiple testing. Twelve tests were performed
for each subgroup of patients, ensuring that for the data presented in Table 3, the p-value
considered to be statistically significant was 0.0041.

Table 1. Demographics, anthropometric parameters, biological data and exercise stress test parameters.

Total Group Mild and M(?derate Severe Obstruction
Parameter Obstruction p
(n = 652) (n =395)
(n = 257)
Demographics
Age 66.46 + 10.47 65.39 £ 11.06 67.18 £ 10.32 0.333
Males 552 (84.7%) 217 (84.44%) 335 (84.81%) 0.897
Area of residence—urban 273 (41.9%) 106 (41.25%) 167 (42.28%) 0.794
Anthropometric data
Height. M 192+ 64 1.67 + 0.05 2.06 +7.98 0.435
Weight. Kg 75.94 +9.15 69.78 £+ 9.66 81.20 £+ 10.89 0.048
BMI. Kg/m2 26.21 + 3.01 25.10 +£2.99 27.15 + 3.16 0.053
Vitals
HR. bpm 74.12 £ 13.96 73.87 £ 14.55 75.11 £+ 16.38 0.076
Systolic BP. mmHg 141.93 + 14.89 140.78 + 15.05 142.49 + 14.37 0.069
Diastolic BP. mmHg 80.15 + 7.66 79.54 + 8.34 80.58 4+ 7.03 0.068
Mean BP. mmHg 100.74 + 8.93 99.96 + 9.36 101.22 + 8.40 0.040
Pulse pressure. mmHg 73.56 £ 12.99 71.54 £11.73 75.81 + 14.93 <0.001
Cardiovascular risk factors & comorbidities
Smoking 435 (66.72%) 184 (71.60%) 251 (63.54%) 0.033
Sm"kmg_p;ggi smoked per 23.69 + 18.43 25.63 +19.71 22.99 + 18.94 0.043
Dyslipidemia 350 (53.68%) 149 (57.98%) 201 (50.89%) 0.076
Diabetes mellitus 213 (32.67%) 93 (36.19%) 120 (30.38%) 0.226
Hypercholesterolemia o o o
(>200 mg/dL) 267 (40.95%) 113 (43.97%) 154 (38.99%) 0.206
Hypercholesterolemia o o o
(>250 mg/dL) 67 (10.28%) 28 (10.89%) 39 (9.87%) 0.675
HDL cholesterol < 40 mg/dL 244 (37.42%) 98 (38.13%) 80 (20.25%) 0.949
LDL cholesterol > 130 mg/dL 276 (42.33%) 111 (43.19%) 165 (41.77%) 0.720
Hypertriglyceridemia 35 (5.37%) 15 (5.84%) 20 (5.06%) 0.857
Overweight 51 (70.8%) 21 (67.7%) 30 (73.2%)
Obesity class I 18 (25.0%) 9 (29.0%) 9 (22.0%) 0.762
Obesity class I 3 (4.2%) 1 (3.2%) 2 (4.9%)
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Table 1. Cont.
Total Group Mild and M(?derate Severe Obstruction
Parameter Obstruction p
(n = 652) (n =395)
(n = 257)
Hypertension 315 (48.31%) 130 (50.58%) 185 (46.84%) 0.479
Number of risk factors
0 16 (2.5%) 7 (2.7%) 9 (2.3%)
1 180 (27.6%) 66 (25.7%) 114 (28.9%)
2 238 (36.6%) 84 (32.7%) 154 (39.1%) 0.041
3 156 (24.0%) 70 (27.2%) 86 (21.8%) )
4 45 (6.9%) 23 (8.9%) 22 (5.6%)
5 16 (2.5%) 7 (2.7%) 9 (2.3%)
Cerebrovascular disease 51 (7.82%) 23 (8.95%) 28 (7.09%) 0.387
Biological data
Total cholesterol. mg/dL 198.47 + 46.57 196.92 + 46.65 194.36 + 45.85 0.606
LDL cholesterol. mg/dL 126.82 + 40.30 127.19 + 40.70 126.50 + 39.91 0.607
HDL cholesterol. mg/dL 41.65 £ 10.60 41.79 £11.33 41.25+£9.94 0.949
Triglycerides. mg/dL 135.45 + 71.79 139.67 + 80.04 133.06 + 65.98 0.791
Serum creatinine. mg/dL 0.96 + 0.36 1.07 £ 0.38 1.05 £+ 0.36 0.973
Serum urea. mg/dL 44.71 +18.92 46.31 + 21.70 43.74 + 17.60 0.297
Creatinine clearance. 62.49 + 22,01 62.84 + 22.68 62.16 + 21.47 0.685
mL/min/1.73 m
Fasting glucose. mg/dL 118.49 + 48.90 121.93 4+ 49.97 117.32 + 48.75 0.186
Serum fibrinogen. mg/dL 395.59 + 132.22 369.47 £+ 115.96 414.71 £ 137.97 0.001
hs-CRP. mg/dL 6.34 +2.78 497 £3.01 7.07 + 3.83 0.023
Hematocrit. % 41.74 £ 5.16 41.43 +5.47 41.85 +5.17 0.125
Platelets (x10%/mL) 297.44 +11.17 281.73 £94.37 308.63 & 119.14 0.018
NLR 321 +216 217 £1.75 4.20 + 0.89 0.037
LCR 8.75 4+ 13.22 6.21 +12.34 7.15 £ 16.37 0.041
PLR 138,280 =+ 71,678.82 133,560.11 = 60,047.82 145,181.91 4+ 70,236.67 0.019
Clinical parameters
Pain at rest 541 (81.44%) 191 (74.32%) 350 (88.61%) <0.001
Erythema 77 (11.81%) 30 (11.67%) 47 (11.90%) 0.930
Ulcerations 93 (14.26%) 34 (13.23%) 59 (14.94%) 0.542
Necrosis 27 (4.14%) 6 (2.33%) 21 (5.32%) 0.062
Gangrene 121 (18.51%) 29 (11.28%) 92 (23.29%) 0.001
Bilateral clinical involvement 231 (35.43%) 82 (31.91%) 149 (37.72%) 0.052
Cardiac murmurs 119 (18.25%) 51 (19.84%) 68 (17.22%) 0.271
Femoral artery murmur 149 (22.85%) 50 (19.46%) 99 (25.06%) 0.175
Carotid artery murmur 77 (11.81%) 34 (13.23%) 43 (10.89%) 0.484
Renal artery murmur 24 (3.68%) 9 (3.50%) 15 (3.80%) 0.707
Rutherford classification
Class 3 106 (16.3%) 66 (25.7%) 40 (10.2%)
Class 4 213 (32.7%) 89 (34.6%) 123 (31.2%) 0.001 *
Class 5 205 (31.4%) 65 (25.3%) 140 (35.5%) <U-
Class 6 128 (19.6%) 37 (14.4%) 91 (23.1%)
Leriche-Fontaine classification
2nd stage 105 (16.1%) 64 (24.9%) 41 (10.13%)
3rd stage 212 (32.5%) 121 (47.08%) 91 (23.03%) <0.001 *
4th stage 335 (51.4%) 72 (28.01%) 263 (66.58%)
Paraclinical data
Arterial Doppler US 110 (16.95%) 28 (10.89%) 81 (20.51%) 0.004
Angio MRI 32 (4.9%) 10 (3.89%) 22 (5.57%) 0.448
Arteriography 635 (97.4%) 252 (98.05%) 382 (96.71%) 0.305
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Table 1. Cont.
Total Group Mild and M(?derate Severe Obstruction
Parameter Obstruction p
(n = 652) (n =395)
(n = 257)
Number of lesions (stenosis
and thrombosis)
0 5 (0.8%) 4 (1.56%) 4 (0.25%)
1 226 (34.7%) 97 (37.74%) 129 (32.65%)
2 183 (28.1%) 78 (30.35%) 105 (26.58%) <0.001
3 98 (15.0%) 40 (15.56%) 58 (14.68%)
4 65 (10.0%) 15 (5.84%) 50 (12.66%)
5 40 (6.1%) 11 (4.28%) 29 (7.34%)
>6 35 (4.6%) 10 (4.27%) 23 (5.83%)
LVEFE. % 57.36 £ 10.08 58.20 £ 9.95 56.66 £ 10.17 0.057
Therapeutic management
Medical 650 (99.8%) 257 (100.0%) 393 (99.49%) 0.521
Interventional revascularization 48 (7.36%) 31 (12.06%) 17 (4.30%) <0.001
Surgical revascularization 369 (56.6%) 132 (51.36%) 236 (59.75%) 0.061
Risk of amputation 210 (32.1%) 62 (24.12%) 148 (37.47%) <0.001

All values are expressed as mean =+ standard deviation (SD). LDL cholesterol: low-density lipoprotein cholesterol,
HDL cholesterol: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein (normal range
0-1 mg/dL); HbA1C: glycated hemoglobin; NLR: neutrophil-to-lymphocyte ratio, normal range 0.43-2.75 in
males and 0.37-2.87 in females; LCR: lymphocyte-to-C-reactive protein ratio, normal range—not defined; PLR:
platelet-to-lymphocyte ratio, normal range 36.63-149.13 in males and 43.36-172.68 in females; HR: heart rate;
BP: blood pressure; ABI: ankle-brachial index; US: ultrasonography; MRI: magnetic resonance imaging; LVEF:
left ventricle ejection fraction. * The p-value was assessed on the basis of walking distances until the onset of
intermittent claudication.

Table 2. Biological parameters based on the number of associated cardiovascular risk factors.

Parameter Mild and Moderate Obstruction Severe Obstruction
(n =257) (n = 395) 4

No Cardiovascular Risk Factors

Total cholesterol, mg/dL 202.11 + 28.03 199.86 + 46.12 0.882
LDL cholesterol, mg/dL 136.31 + 22.56 125.89 + 35.95 0.806
HDL cholesterol, mg/dL 41.78 £3.99 40.29 +£11.28 0.612
Triglycerides, mg/dL 120.11 + 42.08 168.43 + 66.50 0.144
Serum creatinine, mg/dL 0.92 +0.15 1.20 £ 0.71 0.420
Serum urea, mg/dL 38.56 4 13.68 55.86 4 45.27 0.057
Fasting glucose, mg/dL 90.44 +7.54 95.43 +8.72 0.436
Serum fibrinogen, mg/dL 406.11 4 107.53 478.57 £+ 136.37 0.624
NLR 222 +1.89 246 +£2.04 0.169
LCR 6.05 + 11.63 717 £11.78 0.247
PLR 134,115 £ 59,753.70 138,098 + 71,367.71 0.079

1 cardiovascular risk factor
Total cholesterol, mg/dL 203.61 £ 55.30 198.61 + 46.03 0.576
LDL cholesterol, mg/dL 133.90 + 48.42 129.50 + 40.98 0.690
HDL cholesterol, mg/dL 42.03 £ 10.85 41.70 +10.11 0.497
Triglycerides, mg/dL 138.39 £+ 62.06 137.03 & 65.79 0.772
Serum creatinine, mg/dL 1.01 +0.42 1.06 + 0.42 0.399
Serum urea, mg/dL 41.95 + 17.85 43.20 + 20.82 0.785
Fasting glucose, mg/dL 96.25 + 24.22 98.65 + 20.82 0.113
Serum fibrinogen, mg/dL 396.48 + 145.22 361.08 + 118.96 0.135
NLR 231+ 1.67 243 +2.89 0.083
LCR 5.98 4+ 10.85 6.48 £ 9.45 0.062
PLR 129,774.51 £ 53,782.3 134,781 £ 51,741 0.108
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Table 2. Cont.
Parameter Mild and Moderate Obstruction Severe Obstruction p
(n = 257) (n = 395)
2 cardiovascular risk factors
Total cholesterol, mg/dL 191.23 4+ 44.57 203.15 £49.21 0.457
LDL cholesterol, mg/dL 124.63 + 36.81 130.56 + 43.13 0.848
HDL cholesterol, mg/dL 40.74 £9.02 41.86 = 14.25 0.749
Triglycerides, mg/dL 129.31 + 66.12 153.67 + 111.67 0.168
Serum creatinine, mg/dL 1.05 + 0.34 1.05 + 0.35 0.754
Serum urea, mg/dL 43.94 + 18.28 45.12 +18.11 0.801
Fasting glucose, mg/dL 115.73 4+ 50.02 112.27 4+ 41.37 0.064
Serum fibrinogen, mg/dL 430.95 + 137.66 349.194 99.69 <0.001
NLR 3.01 £2.48 3.99 + 2091 0.048
LCR 7.69 + 10.02 8.23 £9.34 0.031
PLR 135,667.73 4+ 51,589 14,478.67 0.005
>3 cardiovascular risk factors
Total cholesterol, mg/dL 189.03 £ 36.78 190.36 £+ 44.70 0.326
LDL cholesterol, mg/dL 121.03 + 34.73 122.93 4+ 38.87 0.157
HDL cholesterol, mg/dL 41.18 £ 10.57 41.90 £9.30 0.778
Triglycerides, mg/dL 134.09 + 71.26 127.65 + 51.23 0.239
Serum creatinine, mg/dL 1.09 + 0.31 1.08 + 0.36 0.537
Serum urea, mg/dL 45.64 + 16.60 48.69 + 22.67 0.098
Fasting glucose, mg/dL 142 + 55.38 147.26 £ 55.54 0.099
Serum fibrinogen, mg/dL 411.74 £ 132.16 384.41 + 120.66 0.173
NLR 3.75 £+ 0.77 4.23 +£1.01 0.019
LCR 7.86 £ 11.17 8.50 £ 11.89 0.007
PLR 141,889.12 £ 74,258.71 149,663.04 £ 76,752.19 0.042

Table 3. Correlations between inflammatory markers and demographic, anthropometric or clinical-

paraclinical parameters.

Mild and Moderate Obstruction (n = 207) Severe Obstruction (n = 264)

NLR LCR PLR NLR LCR PLR
r p r p r p r p r p r P

Total cholesterol 0.085 00049 0.098 00033 0025 00190 0002 00268 0022 00184 0009 0.0240
LDL cholesterol 0134 00009 0151 00004 0063 00088 0572 00005 0.626 00012 0715 0.0010
HDL cholesterol —0.027 00185 —0.03 00177 —0076 0.0063 —0.038 00125 —0.055 0.0078 —0.033 0.0141
Triglycerides —0.076 00063 —0078 00059 —0.031 00171 0023 00182 0039 00122 0011 0.0232
Fasting glucose 0.007 00252 —0043 00137 —011 00240 0416 00005 0062 00061 —0.014 0.0217
Pulse pressure —0.007 00253 —0.017 00217 —0.038 00153 0029 00157 0026 00168 0008 0.0243
Smoking—packs 0113 00019 0047 00125 —0.009 0.0246 0012 00226 —0014 00219 004  0.0259
smoked per year
Number of 0317 00006 0598 00017 0921 00003 0219 00004 0468 00012 0711  0.0007
risk factors
Pain at rest 0817 00013 0.643 00028 0753 00009 0416 00013 037 00014 0446 0.0005
Number of lesions ~ —0.77  0.0007 —0.296 00018 —0.538 00016 079 00005 0234 00014 0505 0.0004
LVEF (%) 0.065 00083 0039 00148 0426 00071 —0.024 00178 —0015 00213 —0.083 0.0028
Risk of amputation ~ 0.158  0.0024 0227 00023 0301 00024 0712 00005 0331 00012 0488 0.0010

r: Pearson’s correlation; LDL: low-density lipoproteins; HDL: high-density lipoprotein; BMI: body mass index;
NLR: neutrophil-to-lymphocyte ratio; LCR: lymphocyte-to-CRP ratio; PLR: platelet-to-lymphocyte ratio; LVEF:
left ventricle ejection fraction.

2.4. Ethics

The study was approved by the Ethics Committee of the “Grigore T. Popa” University
of Medicine and Pharmacy lasi and the Ethics Committee of “St. Spiridon” Clinical
Emergency Hospital, and it was conducted according to the Helsinki Declaration. All
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patients signed an informed consent statement, which mentioned that the results would be
used for research purposes.

3. Results

In our study, we included 652 patients diagnosed with PAD (84.7% males, with a mean
age of 66.46 + 10.47 years old) who were evaluated in our clinic from an inflammatory
point of view. According to the ankle-brachial index (ABI) value, we formed two study
groups: patients with mild and moderate obstruction (judged as an ABI > 0.5) and patients
with severe obstruction (with an ABI value below 0.5). We analyzed several demographic,
hemodynamic, biochemical and imaging parameters, which are presented in Table 1.

In terms of demographic characteristics between the two groups, no significant
differences in age (65.39 £ 11.06 vs. 67.18 £ 10.32, p = 0.333), gender (male patients
84.44% vs. 84.81%, p = 0.897) or residence (urban area 41.25% vs. 42.28%) were re-
ported. In the case of anthropometric parameters, statistically significant differences were
reported between the two groups analyzed, with patients with severe obstruction hav-
ing higher mean weights (69.78 + 9.66 vs. 81.20 + 10.89, p = 0.048) and BMI scores
(25.10 £ 2.99 vs. 27.15 & 3.16 kg/m?, p = 0.053) than patients in the first group.

Of the vital parameters assessed, pulse pressure (71.54 &= 11.73 vs. 75.81 4= 14.93 mmHg,
p < 0.001) was statistically significantly correlated with the degree of obstruction assessed
using ABL Patients with PAD enrolled in this study had a variety of comorbidities or cardio-
vascular risk factors. Cerebrovascular disease was more commonly present in patients with
mild and moderate obstruction (8.95% vs. 7.09%, p = 0.387), but it was not a statistically
significant parameter.

Smoking, which is one of the main risk factors associated with the development and
progression of atherosclerotic lesions in patients with PAD, was more frequently associ-
ated with the group of patients with mild and moderate obstruction (71.60% vs. 63.54%,
p = 0.033). Also, reporting the number of cigarettes smoked revealed a higher mean num-
ber of packs were smoked per year by patients with mild and moderate obstruction
(25.63 +19.71 vs. 22.99 + 18.94, p = 0.043) than those with an ABI less than 0.5.

Dyslipidemia was present in more than 50% of patients in both groups (p = 0.076),
making it similar to dyslipidemia (hypercholesterolemia or hypertriglyceridemia, p > 0.05),
hypertension (50.58% vs. 46.84%, p = 0.479) or class I obesity (67.7% vs. 73.2%, p = 0.762).

Regarding the number of risk factors, the majority of patients in both groups had
associated two cardiovascular risk factors (32.7% vs. 39.1%, p = 0.041). Regarding lipid and
carbohydrate profiles, no statistically significant differences were reported based on the
severity of obstruction, as shown in Table 1.

Among the biological parameters, statistical analysis revealed statistically signifi-
cant values for conventional and new inflammatory markers. The mean serum of high-
sensitivity C-reactive protein (hs-CRP) (4.97 & 3.01 mg/dL vs. 7.07 £ 3.83 mg/dL, p = 0.023)
and serum fibrinogen levels (369.47 4= 115.96 vs. 414.71 & 137.97, p = 0.001) were higher in
patients with severe obstruction. The mean serum values of the inflammatory markers dis-
cussed in this paper were higher among patients with severe obstruction and considered to
be statistically significant parameters in our group of patients (p = 0.037 for NLR, p = 0.041
for LCR and p = 0.019 for PLR).

The number and severity of atherosclerotic lesions in the vascular axis of lower limbs
were assessed and quantified using angiography. Peripheral angiography predominantly
identified a stenotic lesion in both groups (37.74% vs. 32.65%). The percentage of patients
with more than 6 stenotic lesions identified was higher in patients with severe obstruction
(4.27% vs. 5.83%, p < 0.001). Therapeutic management was performed in an integrative
manner. In addition to drug treatment, a significant percentage of patients enrolled in the
study received treatment via revascularization techniques. Interventional revascularization
was preferred in patients with mild and moderate obstruction (12.06% vs. 4.30%, p < 0.001),
while a higher percentage of patients with severe obstruction benefited from surgical
revascularization (51.36% vs. 59.75%, p = 0.061). The risk of amputation was higher in
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patients with ABI values below 0.5 (24.12% vs. 37.47%, p < 0.001). Taking into account
the staging based on the WIfl classification, patients with severe obstructive lesions had
a higher mean score than PAD patients with mild and moderate atherosclerotic lesions
(4.88 & 0.54 vs. 5.37 £ 0.61, p = 0.047).

The main parameters of the lipid profile, carbohydrate profile and inflammatory
markers were statistically analyzed based on the number of associated cardiovascular risk
factors (Table 2). In patients with two associated risk factors, the serum fibrinogen level
was found to be a statistically significant parameter, along with the evaluated inflammatory
markers. In patients with more than three associated cardiovascular risk factors, patients
with severe obstruction had higher mean serum values for NLR (3.75 4= 0.77 vs. 4.23 4+ 1.01,
p = 0.019), PLR (141,889 + 74,258.71 vs. 149,663.04 + 76,752.19, p = 0.042) and LCR
(7.86 = 11.17 vs. 8.50 &= 11.89, p = 0.007), which were associated with a more pronounced
inflammatory state.

Patients with gangrene are frequently associated with a high titer of inflammatory
markers, which is why we decided to perform an analysis of the subgroup of patients
without gangrene and with serum hs-CRP values below 10 mg/dL (first group—29 patients
with gangrene and 21 patients with hs-CRP values above the mentioned limit; second
group—92 patients with gangrene and 39 patients with hs-CRP values above 10 mg/dL;
final analysis: 207 patients vs. 264 patients with PAD).

We identified several statistically significant correlations (after adjusting for various
co-founders, such as age, anthropometric parameters or the presence of gangrene) in our
study group, as shown in Table 3. Among the lipid profile parameters, LDL cholesterol
had a direct proportional association with all three proposed biomarkers in patients with
severe obstruction. NLR was statistically significantly correlated with the number of
cardiovascular risk factors present in both patients with mild or moderate obstruction
(p = 0.0006) and those with severe obstruction (p = 0.0004). The number of angiographically
detected atherosclerotic lesions was also statistically significantly correlated with NLR in
patients included in the first group (p = 0.0007), as well as with NLR (p = 0.0005). LCR
(p = 0.0014) and PLR (p = 0.0004) were statistically significantly correlated with patients in
the second group. The risk of amputation was assessed in all patients enrolled in this study,
with statistically significant correlations noted between its presence and NLR (p = 0.0005),
LCR (p =0.0012) and PLR (p = 0.0010) in the group of patients with ABI values below 0.5
(Figures 2 and 3). The predictive value of NLR and PLR was also demonstrated using
univariate and multivariate statistical analysis, as shown in Table 4.

Table 4. Univariate and multivariate statistical analysis for NLR, PLR and LCR among patients with
severe obstruction.

Univariate Regression Multivariate Regression
Parameter
B p Odds Ratio (95% CI) B P Odds Ratio (95% CI)
LCR 0.043 0.015 1.051 (1.009-1.085)
NLR 0.179 <0.001 1.292 (1.131-1.290) 0.025 0.029 1.054 (1.005-1.105)
PLR 0.033 0.002 1.053 (1.011-1.044) 0.525 0.005 0.591 (0.410-0.852)

We evaluated the weights of cardiovascular risk factors in the two groups of patients
and observed that the majority of patients presented two risk factors (24.58% vs. 26.63%,
p = 0.194 for the first group and p = 0.804 for the second group). Patients with mild and
moderate obstruction, as well as those with ABI values below 0.5, showed statistically
significant correlations between the risk of amputation and the presence of gangrene or
intermittent claudication at rest (p < 0.001 for all associations) (Figure 4).
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Figure 2. Correlation between ABI and pulse pressure (a) or the number of lesions (b) (ABI: ankle—
brachial index).

The respective values of NLR, LCR and PLR predictors associated with amputation
risk in patients with severe obstruction were via receiver operating characteristic (ROC)
analysis (Figure 5). NLR (area under the curve <AUC> = 0.682, p = 0.010, 95% confidence
interval <CI> 0.419-0.664) and PLR (AUC = 0.692, p = 0.006, 95% CI 0.556-0.829) are
inflammatory markers associated with a high risk of amputation, while LCR (AUC = 0.541,
p =0.558, 95% C1 0.419-0.664) did not prove its value as a predictor in our study. In addition
to the markers presented above, we tested the predictive value associated with amputation
risk for hs-CRP, with this classic marker being a statistically significant predictor in our
study group, as shown in Figure 6.
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Figure 4. Weight of cardiovascular risk factors according to the risk of amputation in patients with

mild and moderate (a) or severe obstruction (b).
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Figure 5. The area under the curve of the receiver operating characteristic used to determine in-
flammatory biomarkers in patients with amputation risk and severe obstruction (AUC: area under
the curve, NLR: neutrophil-to-lymphocyte ratio; LCR: lymphocyte-to-C-reactive protein ratio, PLR:

platelet-to-lymphocyte ratio).
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Figure 6. The area under the curve of the receiver operating characteristic hs-CRP in patients with
amputation risk and severe obstruction (AUC: area under the curve; CI: confidence interval).

4. Discussion

Atherosclerosis is a multifactorial process in which inflammatory status plays a role in
determining both the appearance of lesions and their progression and, therefore, in increas-
ing the risk of an acute cardiovascular event [28,29]. In total, 84.7% of the patients enrolled
in our study were males, with a mean age of 66.46 + 10.47 years. By analyzing a broad
spectrum of parameters, we highlighted the role played by the proposed inflammatory
biomarkers (NLR, PLR, LCR) in the management of PAD and their prognostic implications.

Various degrees of inflammation have been identified at all stages of PAD, with this
association also being thoroughly researched. Some studies indicate a stronger associ-
ation with PAD than with coronary artery disease, suggesting the presence of different
predominant substrates [30]. In our study, serum hs-CRP levels were elevated, regardless
of the severity of obstruction, representing a statistically significant inflammatory marker
(p = 0.023). Also, regarding medium- and long-term evolution of hs-CRP, it has been shown
that in patients with PAD, high levels at the time of the first revascularization intervention
and their persistence at 3.6 years of follow-up are associated with an independent increase
in all-cause, cardiovascular and malignancy-related mortality, with these results being
supported by other similar research [31,32].

The mean serum values of NLR (p = 0.037), LCR (p = 0.041) and PLR (p = 0.019) were
higher in patients with severe obstruction, as well as statistically significant biomarkers
in our analyzed group. Similar results have been reported by other investigators in the
literature, with the calculation of these biological parameters having both therapeutic and
prognostic value.

The role played by NLR as a predictive factor in assessing the risk of death or an
acute cardiovascular event has been extensively reviewed in the literature [33-35], and
the reported results are similar to those obtained in this study. Positive and statistically
significant correlations were found between NLR, LDL cholesterol, fasting glucose and the
number of cardiovascular risk factors, as well as the presence of gangrene and the number
of atherosclerotic lesions angiographically identified. A meta-analysis including 38 clinical
studies summarizing 76,000 patients demonstrated that high NLR values increased the risk
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of coronary artery disease (CAD) 1.62-fold and the risk of stroke 3.86-fold, which justifies
regular evaluation of the complete blood count [36].

Patients with PAD are associated with a high risk of developing an acute vascular
event in the absence of integrative management [37]. A group of Romanian researchers
demonstrated that high NLR and PLR values are associated with an 11-fold increase in the
risk of amputation and a 22-fold increase in the risk of death in patients with acute limb
ischemia [8]. Similar results were reported by Coelho et al. [38], who analyzed a group
of 345 patients with acute inferior ischemia and demonstrated that an NLR value above
5.4 is consistent with a sensitivity of 90.5% and specificity of 73.6% for the occurrence of
death at 30 days or amputation. PAD patients with obstructive atherosclerotic lesions at
the femuro-popliteal level who undergo peripheral revascularization surgery and have
associated high pre-operative NLR and PLR values have an increased risk of primary
patency failure at 12 months after revascularization [39]. Erturk et al. [40] analyzed a group
of 593 patients with occlusive PAD and divided them into two groups according to the
NLR value (below 3 and above 3), observing that age and NLR values above three are
independent factors associated with long-term mortality in these patients.

Cosarca et al. [7] demonstrated that NLR values above 3.48 have a sensitivity of 60%
and a specificity of 72.44% regarding the need for amputation after revascularization in
patients with PAD, thus making them a useful pre-operative prognostic marker. Similarly,
the same group of investigators demonstrated in PLR that serum values above 152 are
associated with a sensitivity of 54.17% and a specificity of 71.79% regarding amputation.
Increased absolute neutrophil counts relative to lymphocyte counts are associated with a
poorer prognosis in PAD patients undergoing interventional revascularization [41,42].

Similar to the NLR, the PLR has a predictive value regarding the risk of an acute
vascular event; in the case of patients with PAD, the existence of a value of more than 150 is
associated with a relative risk about two times higher than that of critical atherosclerotic
lesions [43]. Liu et al. [44] analyzed a cohort of 355 diabetic patients, in whom they assessed
the risk of developing PAD and identified NLR and PLR as predictors associated with
the development and progression of atherosclerotic processes in this category of patients,
finding evidence of the superiority of PLR.

The validity of PLR’s use as an inflammatory marker is secondary to the pro-
inflammatory effect exerted by platelets [45]. Initially investigated in various oncologi-
cal clinical trials [46], this biomarker has increasingly broad validity as a predictor of
moderate-to-severe functional decline in PAD patients, as demonstrated above. PLR
is another biomarker that plays a prognostic role in the management of patients with
PAD, with elevated titers being associated with a high risk of critical ischemia or acute
vascular events (odds ratio of 1.9 for PLR > 150) [43].

PLR also modulates the risk of death among patients with PAD. Uzun et al. [47]
demonstrated through the analysis of a cohort of 602 patients with PAD that the identifica-
tion of a PLR value above 142 is an independent predictor of an increased long-term risk
of death.

In addition to the biomarkers mentioned above, the monocyte-to-HDL cholesterol
ratio was analyzed in relation to the severity and prognosis of PAD, but the reported results
have so far been contradictory [48]. Clinical studies reported in the literature that do not
report superior results for this inflammatory marker compared to NLR also exist [48].
On the other hand, Selvaggio et al. [10] reported the existence of a directly proportional
relationship between increases in PLR and the monocyte-to-HDL cholesterol ratio and
decrease in ABI (p = 0.0011). Guetl et al. [49] conducted a retrospective study in which 2121
patients with PAD were included and, using multivariate regression statistical analysis,
demonstrated that increased WMR values (odds ratio 2.25, p < 0.001), older age (odds ratio
1.05, p < 0.001), elevated CRP titer (odds ratio 1.01, p < 0.001) and diabetes mellitus (odds
ratio 2.38, p < 0.001) were independently significant predictors of chronic limb-threatening
ischemia occurrence.
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Gary et al. [50] demonstrated that patients with NLR values above 3.95 have a 2.5-fold
increased risk of critical lower limb injury, making this inflammatory biomarker an easily
measured prognostic parameter that can be used in everyday practice. Neutrophilia is
responsible for increasing the value of the ratio, being the result of various pathophysi-
ological processes that contribute to the maintenance of the pro-inflammatory status in
PAD [51]. Tasoglu et al. [52] showed that the presence of an NLR value above 3.2 and a
PLR above 160 are associated with a high risk of amputation, with the average duration
being about 2 years to date.

A significant percentage of patients with associated PAD and CAD had this condition
as an issue secondary to existing atherosclerotic damage, which was sometimes subclinical
in nature. In this category of patients, Arbel et al. [53] demonstrated that an NLR value
above three is associated with a relative risk of 2.45 regarding the existence of sub-occlusive
coronary lesions, as well as the occurrence of an acute cardiovascular event in the next
3 years (odds ratio: 1.55). Yuan et al. [54] analyzed a cohort of 235 patients with COPD
and demonstrated a positive correlation between NLR and WBC, hs-CRP, BMI and 6-min
walking test distance, thus making it an indicator of muscle function in this category of
patients. Interruption of regular physical training also produced a number of negative
changes in inflammatory parameters, with a 48.2% increase in NLR reported in the clinical
study by Liao et al. [55].

Our study presents several limitations due to the lack of follow-up. The heterogeneity
of the study group or the potential risk associated with the inclusion of patients with
elevated serum CRP values due to associated infections are additional aspects that may
influence the obtained results. We excluded records in which medical data were unavailable.
This step was taken to minimize the risk of misclassification, introducing a limited risk of
selection bias.

Our future research direction will be to investigate the influence of the proposed
markers (NLR, PLR, CSF) on the predictive value of amputation risk in relation to a series
of biochemical or clinical models, such as PREVENT III or the BASIL model, that exist in
the literature [56].

5. Conclusions

In our study, we demonstrated the predictive value of the analyzed inflammatory
biomarkers and the importance of their assessment in patients with severe obstruction and
a high risk of amputation. NLR and PLR are predictors used in patients with ABI values
below 0.5 and a risk of amputation, thus making them parameters with both therapeutic and
prognostic value. NLR, PLR and WMR are easy-to-determine and reproducible parameters,
which can be easily used in daily practice, as they also have therapeutic and prognostic
value among patients with PAD.
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