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Abstract. — OBJECTIVE: The role of inflam-
matory markers as neutrophil-to-lymphocyte ratio
(NLR), monocyte-to-high-density lipoprotein-cho-
lesterol ratio (MHR), and platelet-to-lymphocyte
ratio (PLR) in cardiovascular diseases has been
widely investigated in recent years. In the context
of lower extremity arterial disease (LEAD), this
association has been mainly studied in the ad-
vanced stages. The aim of our study was to inves-
tigate the role of these inflammatory markers in all
stages of LEAD, including early ones, using ultra-
sonography as diagnostic tool, together with an-
kle-brachial index (ABI) determination.

PATIENTS AND METHODS: In this cross-sec-
tional observational study, we enrolled 240 pa-
tients undergoing ultrasonographic evaluation
of the lower limb arteries and ABI determination
because of symptoms suggestive of LEAD or
presence of known cardiovascular risk factors.

RESULTS: In our study population, we found
that ultrasonographic categories of LEAD were
associated with NLR, but not with MHR and PLR.

CONCLUSIONS: These results confirm that a
specific pattern of inflammation can be found in
all stages of LEAD, including early ones.
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Introduction

Lower extremity arterial disease (LEAD) rep-
resents a manifestation of systemic atheroscle-
rosis, affecting and limiting blood circulation in
lower limbs arteries'. It is associated with poor
prognosis and high rate of mortality and morbid-
ity especially in the advanced stages®?. On the
other hand, patients with early stages of disease
are often asymptomatic or complain non-specific
discomfort, remaining frequently misdiagnosed,
with pathogenetic mechanisms being less inves-
tigated*. The gold standard for LEAD diagnosis
is actually represented by the evaluation of the
ankle-brachial index (ABI), even if this tool
could present important limitations, especially in
early stages of disease. Consequently, color cod-
ed-duplex ultrasonography is currently suggested
to complete the examination and to characterize
early atherosclerotic lesions®*.

In recent years, several studies have enlight-
ened the critical role of systemic inflammation
in the development and evolution of atheroscle-
rosis™. To this purpose, several biomarkers, as
the neutrophil-to-lymphocyte ratio (NLR), the
monocyte-to-high-density lipoprotein-cholesterol
ratio (MHR) and the platelet-to-lymphocyte ratio
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(PLR), have been focused'’'>. Numerous obser-
vations have related these biomarkers to cardio-
vascular (CV) disease, involving heart, kidney
and carotid*'3; in the context of LEAD, the role
of these parameters has only been investigated in
advanced stages, such as in patients with critical
limb ischemia or using ABI as test for disease
diagnosis'®2°,

To our knowledge, there is no data about the
association of these biomarkers with all stages of
LEAD, in particular early ones. The aim of our
study was to evaluate the correlation between
MHR, NLR and PLR with all stages of LEAD,
assessed by a recent semiquantitative ultrasono-
graphic score together with ABI*.

Patients and Methods

Patients

Two hundred and forty patients undergoing
ultrasonographic evaluation of the lower limb
arteries and ABI determination were enrolled in
this cross-sectional observational study. Exclu-
sion criteria was age <18 years.

Inclusion criteria were symptoms suggestive
of LEAD or presence of known CV risk factors.
Those included in the statistical model were age,
gender, diabetes mellitus status, arterial hyper-
tension status, dyslipidemia status, body mass
index (BMI) and cigarette smoking modeled as
number (packs/year). The presence of diabetes
mellitus status, arterial hypertension and dyslip-
idemia were diagnosed based on relative guide-
lines?*?. All patients were also asked to complete
a form with items where they recorded life habits.

Written informed consent was obtained from all
the participants, before entry into the study. The
study was performed in accordance with the Dec-
laration of Helsinki and was approved by the Ethics
Committee of the Catholic University of Rome
(Ethic Committee Reference Number: 14725/2014).

Physical and Laboratory Examinations

Thorough examination including weight,
height and blood pressure, was performed for
each patient; BMI was calculated as weight (kg)
divided by height (m?).

After overnight fasting, blood samples were
taken from each patient, for assessment of full
blood count, glucose, creatinine, total cholester-
ol, low-density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C)
and triglycerides.
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NLR was calculated as the ratio of absolute
neutrophil (x 10°/L) to lymphocyte blood counts
(x10°/L); MHR was calculated by monocyte count
(x10°/L)/HDL-C (mg/dL); finally, PLR was calcu-
lated as the ratio of platelet (x 10°/L) to lympho-
cyte counts (x 10°/L).

Ultrasound Lower Limb Evaluation

Ultrasonographic examination was performed
as previously described?'. Briefly, the femoropop-
liteal and run-off segments were continuously
scanned from the subinguinal region to the para-
malleolar region with axial and sagittal scans.
All segments were examined for their parietal
characteristics, especially the presence of vessel
wall calcifications and/or atherosclerotic plaques;
in addition, flow-velocity measurements using
spectral Doppler imaging and color Doppler im-
aging were obtained. Arteries were grouped into
femoropopliteal or proximal (common, superfi-
cial and deep femoral arteries, popliteal artery)
and infrageniculate or distal (tibiofibular trunk,
anterior and posterior tibial arteries, fibular ar-
tery) districts.

Ultrasonographic Lower Limbs Atherosclero-
sis (ULLA) score was calculated to assess disease
severity as previously described?!.

Ankle-Brachial Index Evaluation

The ABI was calculated from the highest ankle
systolic pressure to the highest brachial systolic
pressure ratio for each leg, in accordance with
actual guidelines®.

ABI values from 1.00 to 1.40 were considered
normal, whereas values less than or equal to
0.90 were considered abnormal; values ranging
from 0.91 to 0.99 suggested a “borderline” ABI
and values >1.40 indicated non compressible ar-
teries. After comparing the two legs, the lowest
measured ABI value was chosen for the analysis.
Moreover, a semi quantitative measure of the
ABI has been also performed and classified in
four grades: grade 0 (ABI 0.91-1.40) were consid-
ered normal, grade 1 (ABI 0.41-0.90) indicated
mild-moderate LEAD, grade 2 (ABI < 0.40)
indicated severe LEAD, grade 3 (ABI > 1.40)
indicated non compressible arteries.

Statistical Analysis

Continuous variables were summarized as
means and standard deviations, categorical vari-
ables as frequencies and percentages. Normal-
ity of distribution of continuous variables was
assessed by means of QQ-plot and histogram
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inspection. Ratio parameters were right-skewed
and were log-transformed in regression models.
Nine patients were excluded from the analyses
because of an ABI value of 3.

The association between each ratio parameter
and the severity of LEAD was analyzed by linear
regression models with each (log-transformed)
ratio parameter as the dependent variable and
ULLA and ABI scores as the independent vari-
ables; ULLA score was treated as a continuous
variable, whereas ABI score was dichotomized
(0 vs. 1-2) as too few patients were in score 2 to
analyze ABI score as a continuous variable.

All analyses were performed with Stata Ver-
sion 15.1 (StataCorp, TX, USA). A two-tailed
p-value <0.05 was considered as statistically sig-
nificant.

Results

Characteristics of the study sample are report-
ed in Table 1. The association between inflam-
matory markers and ultrasonographic findings is
presented in Table II and Figure 1. The adjusted
association between log-NLR with ULLA score
was statistically significant (p < 0.05): a 1 unit
increase in ULLA score was associated with a
0.06 (95% confidence interval 0.01, 0.11) unit
increase in log-NLR. Conversely, the adjusted
association between log-MHR and log-PLR with
ULLA score was not statistically significant (p =
ns, for both comparisons). When analyzing ABI
instead of ULLA score (Table III), we found a
direct association for log-NLR (p < 0.05), an
inverse association for log-MHR (p = 0.001), and
no association for log-PLR (p = ns).

Table 1. Characteristics of the study population.

Factor

Value

N
Age (years), mean (SD)
BMI, mean (SD)
Sex
Female
Male
High blood pressure
Dyslipidemia
Diabetes
Packs of cigarettes (x300),
median (IQR)
ULLA score

>
WM—oWurww—o

—

Missing
MHR, median (IQR)
NLR, median (IQR)
PLR, median (IQR)

240
69.6 (9.8) (n = 240)
274 (4.5) (n = 240)

136 (56.7%)
104 (43.3%)

168 (70.0%)

148 (61.7%)

74 (30.8%)

6.1 (0.0, 21.9) (n = 239)

32 (13.3%)
59 (24.6%)
71 (29.6%)
19 (7.9%)
47 (19.6%)
12 (5.0%)

179 (74.6%)

56 (23.3%)

1(0.4%)

4 (1.7%)

0.1 (0.1,0.2) (n = 189)
2.0 (1.5, 2.8) (n = 239)
0.1 (0.1, 0.1) (n = 137)

Number of non-missing measurements for continuous vari-
ables are reported in parentheses. SD: standard deviation;
BMI: body mass index; IQR: interquartile range; ULLA:
ultrasonographic lower limbs atherosclerosis; ABI: an-
kle-brachial index. MHR: monocyte-to-high-density lipopro-
tein-cholesterol ratio; NLR: neutrophil-to-lymphocyte ratio;
PLR: platelet-to-lymphocyte ratio.

Discussion

LEAD represents a major CV disease with an
increasing prevalence worldwide; it is associated

Table Il. Association between inflammatory markers and ULLA score.

MHR

NLR PLR

Beta (95% Cl) p-value trend

Beta (95% Cl)

p-value trend | Beta (95% Cl) p-value trend

0.00 (Ref)) 0.054 0.00 (Ref)

0.023 0.00 (Ref) 0.44

-0.09 (-0.32, 0.15)
-0.16 (-0.40, 0.08)
0.00 (-0.33, 0.33)
-0.35 (-0.64, -0.06)
-0.19 (-0.57, 0.18)

N W — O

-0.18 (-0.38, 0.02)
-0.05 (-0.26, 0.15)
-0.12 (-0.40, 0.16)
0.19 (-0.05, 0.42)
0.01 (-0.32, 0.34)

0.12 (-0.10, 0.35)
0.12 (-0.11, 0.34)
0.17 (-0.16, 0.49)
0.15 (-0.15, 0.44)
0.13 (-0.27, 0.53)

Betas can be interpreted as adjusted differences in log-transformed units of the ratio parameter for each ULLA category compared
with the reference category. Models adjusted for age, sex, BMI, smoking status, high blood pressure, dyslipidemia, diabetes.
ULLA: ultrasonographic lower limbs atherosclerosis; MHR: monocyte-to-high-density lipoprotein-cholesterol ratio; NLR:
neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; CI: confidence interval; BMI: body mass index.
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Figure 1. Scatterplot of log-transformed MHR (left), NLR (center) and PLR (right) across values of ULLA score. MHR:
monocyte-to-high-density lipoprotein-cholesterol ratio; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte

ratio; ULLA: ultrasonographic lower limbs atherosclerosis.

with a high rate of all-cause and CV mortality*".
Nevertheless, compared to other target organs of
atherosclerosis, like heart or brain, pathophysio-
logical mechanisms leading to development and
progression of LEAD remain poorly understood
and investigated, especially in the early stages of
the disease?®?’.

Consequently, identifying which markers can
ensure better risk stratification and proper selec-
tion of treatment approaches is an absolute need.
In this context, three novel inflammatory bio-
markers, namely NLR, MHR and PLR, have been
widely studied in patients affected by LEAD, but
mainly in cohorts of symptomatic subject with al-
tered ABI or undergoing surgical or endovascular
treatments'®!’. To date, there is no data about the
correlation between these inflammatory biomark-
ers and early stages of LEAD.

Table Ill. Association between inflammatory markers and ABI.

The rationale of our study was to correlate
NLR, MHR and PLR to all stages of the disease
as assessed by ultrasonography through ULLA
score: this represents a semiquantitative score
which facilitates the categorization of athero-
sclerotic lesions of the lower limbs in all stages
of LEAD?. We have already demonstrated
that these ultrasonographic categories correlate
with traditional CV risk profiles, more strictly
than ABI?,

The role of NLR as a useful marker in order
to identify and stratify CV risk has already been
deeply investigated. In fact, it has been associated
with occurrence of myocardial infarction, sever-
ity of coronary artery disease and left ventricu-
lar ejection fraction impairment'****°, In LEAD,
its prognostic role has been established only in
advanced stages, as a marker for mortality in

MHR NLR PLR
Beta (95% Cl) p-value Beta (95% CI) p-value Beta (95% CI) p-value
0.00 (Ref)) 0.00 (Ref)) 0.14 (0.00, 0.29) 0.048 0.00 (Ref)) 0.25
1-2 | -0.27 (-0.42,-0.11) 0.001 0.09 (-0.07, 0.25)

ABI: ankle-brachial index; MHR: monocyte-to-high-density lipoprotein-cholesterol ratio; NLR: neutrophil-to-lymphocyte
ratio; PLR: platelet-to-lymphocyte ratio; CI: confidence interval; BMI: body mass index. Betas can be interpreted as adjusted
differences in log-transformed units of the ratio parameter for ABI >0 compared with the reference category. Models adjusted
for age, sex, BMI, smoking status, high blood pressure, dyslipidemia, diabetes.
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patients with critical limb ischemia undergoing
endovascular or surgical interventions''®,

Our results confirm a statistically significant
association between NLR and ABI, consistent
with previous findings already enlightening the
role of NLR as a marker of the inflammatory pat-
tern in patients with severe disease. These data
suggest a kind of “dose effect” between athero-
sclerotic burden, inflammation and symptoms*.
Interestingly, our study also describes a strong
association between the NLR values and early
stages of LEAD; in fact, when analyzing ULLA
score instead of ABI, the association remains
statistically significant, meaning that neutrophils
play a crucial role in all the stages of disease, not
only in the advanced ones.

Conversely, our results demonstrate that MHR
is not associated with severity of LEAD, when
evaluated with ULLA score; surprisingly, MHR
is inversely associated with LEAD when eval-
uated with ABIL. The rationale of MHR as an
inflammatory marker in atherosclerosis is related
to the protective and antioxidant role of both
circulating monocytes and HDL cholesterol***.
Once again, in the context of LEAD, the role of
MHR has been investigated only in patients with
critical limb ischemia or ABI diagnostic criteria
of LEAD, moreover, finding controversial re-
sults'®2, As already suggested by other Authors,
we can hypothesize that some subsets of mono-
cytes (CD14++/CD16+), instead of the total count,
seem to have a crucial role in progression of CV
diseases®**.

Finally, we also evaluated PLR as another
systemic inflammatory marker recently point-
ed out for its prognostic value in CV diseases.
As regards LEAD, it has already emerged as a
risk factor independently associated with lower
ABI, with a positive correlation with clinical
manifestations as foot ulcers in type II diabetic
patients and with the risk of vessel restenosis af-
ter procedure in patients undergoing angioplasty
and stenting for critical limb ischemia'®!*3¢%7,
Rather, PLR seems to be a more reliable marker
than NLR, in particular in the advanced stages of
disease. Our findings apparently are in contrast
with these reports, showing no association with
LEAD, when PLR is analyzed in correlation both
with ABI and ULLA score. A plausible reason
could be that, compared to NLR, this parameter
reflects activation of platelets, being these cells
involved only in advanced stages of LEAD; con-
sistently, our results reflect a cohort of asymp-
tomatic patients in earlier stages of LEAD.

Conclusions

To date, progresses have been made in the
overall comprehension, prevention and manage-
ment of CV pathological condition, mainly re-
garding coronary artery disease and cerebro-
vascular disease. In the context of LEAD, the
attempt to identify simple biomarkers to stratify
patients with a symptomatic or asymptomatic
stage of disease has led to controversial results.

Our research, conducted by using an ultra-
sonographic score, enlightened a close associa-
tion between a specific inflammatory pattern and
LEAD severity. In particular, the novelty of our
study is represented by the association between
NLR with early stages of LEAD. This paves the
way to more deeply analyses focused on inflam-
matory targets in all stages of LEAD.
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