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ABSTRACT

Objectives: Platelet-lymphocyte ratio (PLR) combines the predictive risk of platelet and lymphocyte counts
into a single risk index. PLR has been studied as a predictive marker in a variety of cardiovascular diseases.
However, our understanding of the link between PLR and coronary artery disease (CAD) remains limited. The
present study aimed to evaluate the relationship between PLR and intensity of coronary atherosclerosis in
patients with suspected CAD.

Methods: In this retrospective study, we included 221 patients undergoing dual-source 64-slice coronary
computed tomography angiography (CCTA). Total and different types of leukocyte counts were measured with
an automatic blood counter. Based on a modified version of the American Heart Association's categorisation,
the coronary artery tree was divided into 16 segments. To assess the extent of coronary atherosclerosis, the
number of affected coronary segments was counted. Coronary artery plaques were classified into three
categories: (1) calcified plaque, (2) non-calcified plaque, and (3) mixed plaque.

Results: After multivariable backward stepwise regression analysis, PLR remained as an independent predictor
for both the presence and extent of coronary atherosclerosis (OR = 2.38, 95% CI: 1.27-4.47 and OR = 1.66,
95% CI: 1.10-2.51, respectively). There was no significant relationship between PLR and plaque morphology.
Conclusions: Higher PLR was associated with the intensity of coronary atherosclerosis detected by CCTA.
Further research is necessary to determine the optimal approach to using PLR in medical practice.
Keywords: Platelet-lymphocyte ratio, coronary artery disease, atherosclerosis, computed tomography
angiography

C oronary artery disease (CAD), which is patholog- inflammatory state plays a central role in the onset and
ically characterized by atherosclerosis, is the progression of atherosclerosis [1]. Inflammation's role
leading cause of death worldwide. Chronic low-grade in CAD has been thoroughly investigated, and a con-
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sistent relationship between several pro-inflammatory
markers and CAD has been established [2, 3]. Platelet
(pro-inflammatory) and lymphocyte (regulatory and
protective) counts have been identified as biological
markers in a variety of cardiovascular diseases and in-
flammatory conditions [4-6]. Platelet-lymphocyte
ratio (PLR), which is calculated by dividing the ab-
solute platelet count by the absolute lymphocyte
count, is an integrated manifestation of two consider-
able inflammatory pathways. Therefore, a raised PLR
may play a more decisive role in forecasting CAD
than each parameter alone.

Recently, the PLR has been investigated as a pre-
dictive marker for a variety of numerous cardiovascu-
lar conditions, such as acute coronary syndromes,
peripheral vascular diseases, atrial fibrillation, and
heart failure [7]. Moreover, PLR has been shown to be
associated with the severity of atherosclerotic disease
in stable angina pectoris [8]. In the majority of these
studies, conventional angiography was preferred over
coronary computerized tomography angiography
(CCTA) to evaluate coronary artery lesions. CCTA can
provide more accurate details about atherosclerotic
plaque burdenas it allows direct assessment of the vas-
cular wall, and thus positive remodeling.

This study aimed to investigate the association be-
tween PLR and the intensity of coronary atheroscle-
rotic lesions in patients with suspected CAD
undergoing CCTA. We hypothesized that higher PLR
levels would be a reliable and independent risk factor
for coronary atherosclerotic plaque burden. Mean-
while, we also examined the link between atheroscle-
rotic plaque morphology and PLR levels.

METHODS

Study Population

In this retrospective study, we enrolled 295 consecu-
tive patients undergoing CCTA for CAD from Febru-
ary 2018 to May 2020. All the patients had been
referred to our outpatient clinic with the complaint of
chest pain. A detailed physical examination was per-
formed, and a detailed medical history was recorded
for each patient. Patients with any history of CAD,
acute/chronic kidney insufficiency, congestive heart
failure, severe valvular heart disease, active infection
or systemic inflammatory conditions, hematologic dis-

orders, and active malignancy were excluded from the
study. Following the application of the inclusion cri-
teria, a total of 221 cases were admitted to the study.
Diabetes mellitus was defined as a fasting plasma glu-
cose level of more than 126 mg/dL on two separate
tests, or the active use of any antidiabetic drug. Hy-
pertension was considered to be a systolic blood pres-
sure of > 140 mm Hg and/or a diastolic blood pressure
of > 90 mm Hg, or the active use of any antihyperten-
sive medication. Dyslipidemia was defined as a total
cholesterol level of > 200 mg/dL or the active use of
any active lipid lowering medication. Body mass
index (BMI) was calculated by the formula of weight
(kg)/ height? (m?).

Ethics Committee Approval

All participants gave informed consent to partici-
pate in the research. The research protocol was ap-
proved by thelnstitutional Research Ethical
Committee (code: 2021/10/525).

Laboratory Analysis

Blood samples were drawn after an overnight fast-
ing. Total and different types of leukocyte counts were
measured with an automatic blood counter. PLR was
calculated by dividing the platelet count by the lym-
phocyte count. All laboratory analyses, including bio-
chemical parameters and lipid profiles, were
performed using an automatic biochemistry analyzer
(Cobas 8000; Roche Diagnostics, Basel, Switzerland).

CCTA and Assessment of Coronary Atherosclero-
sis

CCTA was performed with a dual-source 64-slice
multidetector CT scanner (Aquilion; Toshiba Medical
Systems, Japan). In case of heart rate higher than 65
beats per minute, an intravenous beta-blocker (meto-
prolol, 5-25 mg) was administered. Sublingual nitro-
glycerine (0.4 mg) was given just before scanning
unless there were any contraindications. During scan-
ning, 80-110 mL (weight-based dosing) of nonionic
contrast agent (350 mgl/mL iomeprol; Bracco Imag-
ing, Milan, Italy) was injected via venous route at a
flow rate of 5.5 mL/s followed by 50 mL of isotonic
bolus. A radiologist who specializes in cardiac imag-
ing evaluated all angiographic images immediately
after data collection. The relationship between PLR
and CAD was studied separately based on the pres-
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ence and extent of atherosclerotic lesions. Any appar-
ently distinguishable structure attributed to the vessel
wall in at least two different imaging planes was de-
fined as coronary arterial plaque. Based on a modified
version of the American Heart Association's categori-
sation, the coronary artery tree was divided into 16
segments [9]. To determine the extent of coronary ath-
erosclerosis, the number of affected coronary seg-
ments was counted. Coronary artery plaques were
classified into three categories: (1) calcified plaque
(which has a higher Hounsfield unit (HU) than the
contrast-enhanced coronary artery lumen); (2) non-

calcified plaque (which has a higher HU than the ad-
jacent connective tissue but a lower HU than the con-
trast-enhanced coronary artery lumen); and (3) mixed
plaque (which has both calcified and noncalcified
plaque components).

Statistical Analysis

The analysis was performed out using R software
(version 4.0.1). Normality was analyzed using the
Shapiro-Wilk’s test. Continuous variables were ex-
pressed as mean =+ standard deviation (SD) and cate-
gorical data as numbers and percentages (%). The

Table 1. Baseline clinical and laboratory characteristics of the study population

Variable Coronary plaque (+) Coronary plaque (-) pvalue
(n = 144) (n=77)

Clinical characteristics
Age (years) 572+9.7 50.0+£9.8 <0.001
Gender (male) 86 (59.7) 36 (46.8) 0.065
BMI (kg/m?) 27.5+3.4 27.1+3.7 0.474
Cigarette smoking® 62 (43.1) 24 (31.2) 0.084
Hypertension 101 (70.1) 40 (51.9) 0.007
Diabetes mellitus 34 (23.6) 8(10.4) 0.017
Dyslipidemia 94 (65.3) 36 (46.8) 0.008

Medication
Acetylsalicylic acid 93 (64.6) 49 (63.6) 0.889
ACE inhibitors/ARBs 76 (52.8) 36 (46.8) 0.393
Beta blockers 64 (44.4) 32 (41.6) 0.680
Calcium antagonists 22 (15.3) 13 (16.9) 0.755
Statin 67 (46.5) 31 (40.3) 0.371

Laboratory characteristics
Hemoglobin, g/dL 141+1.6 13.7+14 0.111
WBC count, x10*/mL 7.75 +1.75 7.39+2.10 0.174
Platelet count, x10°/mL 2579+ 61.6 2429 +56.2 0.079
Lymphocyte count, x10*/mL 2.15+0.59 2.57+0.84 <0.001
Platelet-lymphocyte ratio 129.9 £ 50.6 100.8 £ 28.7 <0.001
Creatinine, mg/dL 0.86£0.17 0.84 £0.19 0.451
Total cholesterol, mg/dL 200.5 +£47.6 183.1 £43.7 0.008
LDL cholesterol, mg/dL 133.1 £ 36.1 116.2 £35.5 0.001
HDL cholesterol, mg/dL. 43.2+12.8 466+ 11.4 0.053
Triglyceride, mg/dL 161.5 £ 81.2 144.6 £ 76.5 0.134

*Active smokers. Data are expressed as mean = SD and n (%). ACE = angiotensin-converting enzyme, ARB = angiotensin
receptor blocker, BMI = body mass index, CAD = coronary artery disease, HDL = high-density lipoprotein, LDL = low-

density lipoprotein, WBC = white blood cell.
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students' t-test and the Mann-Whitney U-test were
used to analyze continuous variables with normal and
non-normal distributions, respectively. The chi-square
test was used to analyze categorical variables and pro-
portions. The Kruskal-Wallis test was used to compare
the difference in PLR between coronary plaque mor-
phology subgroups.Univariable and multivariable
backward stepwise proportional odds regression
analysis was performed to identify the predictive vari-
ables of coronary atherosclerosis. For backward elim-
ination, a 0.20 alfa level was chosen. The results of
regression analyses were reported as odds ratios (OD)
with their respective 95% confidence intervals (CI).
The partial effects plot was used to demonstrate the
relative importance of some of the variables analyzed
in the regression model. For all analyses, two-tailed
statistically significant threshold was set at p - value
<0.05.

RESULTS

The baseline clinical and laboratory characteristics of
the study population are shown in Table 1. The partic-
ipants were divided into two groups based on the pres-
ence of coronary atherosclerotic plaque. Gender, BMI,
and the frequency of cardiovascular medication were
not significantly different between the two groups. The
coronary atherosclerotic group had a higher preva-
lence of cardiovascular risk factors such as hyperten-
sion, diabetes, and dyslipidemia. = Among

hematological parameters, patients with coronary ath-
erosclerosis had higher platelet counts (p <0.001) and
lower lymphocyte counts (p < 0.001). PLR levels were
also significantly different between the groups (129.9
+ 50.6 versus 100.8 = 28.7, p < 0.001). The results of
univariable and multivariable regression analyses to
predict the independent variables associated with the
presence and extent of coronary atherosclerosis are
presented in Table 2 and Table 3, respectively. After
multivariable backward stepwise regression analysis,
PLR remained as an independent predictor for both
the presence and extent of coronary atherosclerosis
(OR =2.38, 95% CI: 1.27-4.47 and OR = 1.55, 95%
CI: 1.10-2.51, respectively). Apart from the PLR level,
other variables including age, smoking, diabetes mel-
litus, hypertension, and low-density lipoprotein (LDL)
level were found to be statistically significant (Figs. 1
and 2). Also, no significant relationship was found be-
tween the PLR and coronary plaque morphology (Fig.
3).

DISCUSSION

In this study, PLR was found to be an independent pre-
dictor of the presence and extent of CAD, independent
of traditional cardiovascular risk factors. Moreover,
there was no meaningful association between coronary
plaque morphology and PLR levels. We evaluated the
lesions with CCTA, which is a unique aspect of this
study. In this regard, our results contribute to the cur-

Table 2. Univariable and backward stepwise multivariable analyses demonstrating the
association between cardiovascular risk factors, including PLR and the presence of coronary

plaque

Variable Univariable Stepwise multivariable
OR (95% CI) p value OR (95% CI) pvalue

Age (from 47 to 62) 3.09 (1.93-4.93) <0.001 3.51 (1.99-6.20) <0.001

Gender (male) 1.68 (0.96-2.95) 0.064

Smoking 1.66 (0.93-2.99) 0.071 2.57 (1.25-5.26) 0.010

Hypertension 2.12 (1.22-3.84) 0.001 2.59 (1.29-5.20) 0.007

Diabetes mellitus 2.66 (1.16-6.09) 0.001 2.56 (0.95-6.90) 0.063

Creatinine 1.18 (0.76-1.81)

LDL (from 104 to 151) 1.86 (1.27-2.74) 0.001 2.42 (1.50-3.92) <0.001

PLR (from 87.4 to 146.9) 3.09 (1.72-5.55) <0.001 2.38 (1.27-4.47) 0.006

CI = confidence interval, LDL = low-density lipoprotein, OR = odds ratio, PLR =platelet-lymphocyte ratio
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Table 3. Univariable and backward stepwise multivariable analyses demonstrating the
association between cardiovascular risk factors, including PLR and the extent of coronary

atherosclerosis

Variable Univariable Stepwise multivariable
OR (95% CI) p value OR (95% CI) p value

Age (from 47 to 62) 2.39 (1.66-3.43) < 0.001 2.19 (1.49-3.21) <0.001

Gender (male) 1.52 (0.94-2.45) 0.083

Smoking 1.62 (1.004-2.64) 0.042 2.22 (1.33-3.71) 0.002

Hypertension 2.00 (1.21-3.30) 0.006 1.75 (1.04-2.95) 0.036

Diabetes mellitus 2.81 (1.54-5.12) 0.007 2.63 (1.40-4.96) 0.003

Creatinine 1.26 (0.86-1.84) 0.244

LDL (from 104 to 151) 1.66 (1.21-2.28) 0.001 1.72 (1.25-2.37) 0.001

PLR (from 87.4 to 146.9) 2.13 (1.42-3.18) <0.001 1.66 (1.10-2.51) 0.025

CI = confidence interval, LDL = low-density lipoprotein, OR = odds ratio, PLR = platelet-lymphocyte ratio

a OM | & b HT | »
Smaking . PLR w
HT - D L]
PLR L] Smaking L]
LDL . LDL .
Age - Age .

Fig. 1. The relative importance of each factor associated with the presence (a) and extent of coronary artery disease (b). DM
= diabetes mellitus, HT = hypertension, LDL = low-density lipoprotein, PLR = platelet-lymphocyte ratio.

rent literature.

Platelet activation is a pivotal stage in the onset
and progression of cardiovascular diseases [4]. During
inflammation, platelets are stimulated by endothelial
substances and secrete inflammatory mediators and
cytokines [10]. Increased platelet count accelerates the
formation, progression and instability of atheroscle-
rotic lesions and has also been shown to be associated
with adverse outcomes of CAD [11]. On the other
hand, lymphocytes have been shown to play an active
role in modulating inflammatory responses at each
stage of the atherosclerotic process. Lymphopenia has
been identified as a typical response to systemic stress,
and has been linked to a poor prognosis, particularly
in processes where inflammation is a major patho-

physiological factor [12]. As an independent predictor,
the PLR combines the predictive risk of platelet and
lymphocyte counts into a single risk index. In this re-
gard, some previous studies reported a positive corre-
lation between PLR and commonly used inflammatory
markers [13, 14].

Patients with high PLR levels have been shown to
have an increased atherosclerotic burden on coronary
angiography [15]. Akboga et al. [16] investigated the
association between high PLR and the presence/sever-
ity of coronary atherosclerosis; concluding that pre-
procedure PLR levels were independently associated
with the Gensini score. Likewise, Yiiksek ef al. [8] re-
ported the relationship between PLR and the severity
of CAD in patients with stable angina pectoris. How-
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Fig. 2. Partial effect plots of PLR (a), age (b) and LDL (c) showing association with the extend of coronary artery disease in
a multivariable model. LDL = low-density lipoprotein, PLR = platelet-lymphocyte ratio.
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Fig. 3. Scatter plot of the relationship between PLR and plaque morphology (p> 0.05). PLR = platelet-lymphocyte ratio.
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ever, the association between the PLR and CAD is not
fully elucidated; the above-mentioned mechanisms re-
lated to platelets and lymphocytes in inflammation and
atherosclerosis can shed light on these interactions.
Our findings confirm and strengthen several previous
studies consistently demonstrating PLR as a predictor
of CAD. The identification of coronary artery lesions
by CCTA helped us to make a more sensitive assess-
ment compared to earlier studies, as CCTA provides
more reliable qualitative and quantitative data about
plaque morphology and the whole coronary system as
compared to invasive approaches [17].

Coronary plaque content is a critical determinant
of clinical progression and prognosis in CAD. How-
ever, the role of calcium deposits on plaque vulnera-
bility is debatable, as several studies have shown
inconsistent results regarding the effect of calcified
plaques on major adverse cardiac event rates [18-20].
It has been previously shown that inflammatory mark-
ers are only weakly correlated with plaque composi-
tion and coronary calcification, and mostly determined
by the existence of coronary risk factors [21]. The re-
lationship between the coronary plaque morphology
and PLR was also analyzed separately, but no associ-
ation was detected. Further investigation of reliable
and cost-effective inflammatory biomarkers predicting
the presence of a vulnerable plaque with greater sen-
sitivity and specificity is warranted.

Limitations

The present study had some limitations that have
to be addressed. First, this research was conducted at
a single center using a cross-sectional design with a
small study sample size. Further randomized prospec-
tive studies are required to confirm our outcomes. Sec-
ond, the presence or absence of calcification was the
sole feature used to classify plaque morphology. As a
result, we did not consider other plaque characteristics
(such as a large lipid core and a thin fibrous cap) that
could be assessed using imaging techniques like opti-
cal coherence tomography or intravascular ultrasonog-
raphy. Third, our results are based on calculating PLR
from a single blood sample before CCTA. Evaluating
the change in PLR over time may provide useful in-
formation. Fourth, our study did not include all pro-
inflammatory mediators associated with
atherosclerosis, such as interleukin-1, C-reactive pro-
tein, and tumor necrosis factor. As a result, PLR could

not be compared to these well-known inflammatory
markers. Finally, additional longitudinal cohort studies
investigating the associations of PLR with both car-
diovascular events and mortality are required to sup-
port these findings.

CONCLUSION

According to the findings of the present study, in-
creased PLR was found to be associated with the in-
tensity of coronary atherosclerosis detected by CCTA
in patients with no prior history of CAD. Thus, PLR
can be useful in predicting the coronary atherosclero-
sis in addition to traditional cardiovascular risk factors.
Further research is necessary to determine the optimal
approach to using PLR in medical practice.
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