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Abstract: Background and Objectives: Functional capacity (FC) assessed via cardiopulmonary exercise
testing (CPET) is a novel, independent prognostic marker for patients with coronary artery disease
(CAD). Neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) are two readily
available predictors of systemic inflammation and cardiovascular event risk, which could be used as
cost-effective predictors of poor FC. The purpose of this study was to evaluate the utility of NLR and
PLR in predicting poor FC in patients with CAD and recent elective percutaneous coronary interven-
tion (PCI). Materials and Methods: Our cross-sectional retrospective analysis included 80 patients with
stable CAD and recent elective PCI (mean age 55.51 & 11.83 years, 71.3% male) who were referred to
a cardiovascular rehabilitation center from January 2020 to June 2021. All patients underwent clinical
examination, cardiopulmonary exercise testing on a cycle ergometer, transthoracic echocardiography
and standard blood analysis. Results: Patients were classified according to percent predicted oxygen
uptake (% VO2 max) in two groups—poor FC (<70%, n = 35) and preserved FC (>70%, n = 45). There
was no significant difference between groups regarding age, gender ratio, presence of associated
comorbidities, left ventricular ejection fraction and NLR. PLR was higher in patients with poor FC
(169.8 & 59.3 vs. 137.4 4 35.9, p = 0.003). A PLR cut-off point of 139 had 74% sensitivity and 60%
specificity in predicting poor FC. After multivariate analysis, PLR remained a significant predictor of
poor functional status. Conclusions: Although CPET is the gold standard test for assessing FC prior to
cardiovascular rehabilitation, its availability remains limited. PLR, a cheap and simple test, could
predict poor FC in patients with stable CAD and recent elective PCI and help prioritize referral for
cardiovascular rehabilitation in high-risk patients.

Keywords: functional capacity; platelet to lymphocyte ratio; neutrophil to lymphocyte ratio; car-
diopulmonary exercise test; oxygen uptake; coronary artery disease

1. Introduction

Coronary artery disease (CAD) is a significant public health problem, with a substantial
contribution to global morbidity and mortality, especially in low- and middle-income
countries [1,2]. Current guidelines firmly recommend enrollment in a comprehensive
cardiovascular rehabilitation (CR) program after CAD diagnosis or revascularization, with
proven beneficial effects on cardiovascular and all-cause mortality and individual quality
of life (QoL) [3-6]. CAD is associated with a significant impact on the individual’s exercise
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capacity, which can rapidly deteriorate after a major cardiovascular event [7]. Compared to
post-acute coronary syndromes (ACS), CR addressability is lower in patients with stable
CAD and following elective percutaneous coronary intervention (PCI) [8], as well as in
women, elderly and socio-economically deprived patients [9].

Functional capacity (FC) is a strong, independent prognostic factor in heart failure
(HF) [10] and CAD [11]. The prognostic value of FC is independent and additive to other well
established mortality predictors such as left ventricular ejection fraction (LVEF), smoking, hy-
pertension (HTN), dyslipidemia and diabetes [12-14]. Peak oxygen uptake (VO2 max) assessed
via cardiopulmonary exercise testing (CPET) is an objective measure of FC, and an indepen-
dent predictor of cardiovascular morbidity and mortality in patients with CAD [12,13,15,16].
However, CPET availability remains limited, especially in developing countries.

Systemic inflammation plays a major role in CAD etiopathogenesis [17] and routine
inflammatory biomarkers (complete blood count, C-reactive protein) have proven their
role for both acute and long-term cardiovascular risk assessment [18-20]. Physical activity
decreases systemic markers of inflammation, thrombosis and endothelial dysfunction, and
has a key role in preventing CAD [21-23]. The platelet to lymphocyte ratio (PLR) is an
integrated reflection of two important opposite inflammatory pathways that can be easily
calculated from a complete blood count. PLR initially served as a prognostic biomarker
in neoplastic diseases [24,25], but has recently been studied in HF [26-28], ACS [29-33],
atrial fibrillation [34,35], deep venous thrombosis [36], PCI [37-39] and infective endocardi-
tis [40]. The neutrophil to lymphocyte ratio (NLR) is another readily available biomarker
of inflammation in cardiac and non-cardiovascular disorders [41-43]. In previous reports,
the NLR appeared to be a predictor of cardiovascular events and mortality in patients
with stable CAD and was associated with coronary atherosclerosis severity [44,45]. NLR
was also used as a predictor for functional capacity in patients undergoing CR [46] and a
predictor of lipid-lowering effectiveness in patients with familial hypercholesterolemia and
atherosclerotic cardiovascular disease [47]. However, the current literature offers limited
data regarding the role of these readily available inflammatory biomarkers in predicting
exercise performance in CAD patients. We therefore hypothesized that impaired cardiovas-
cular performance (as defined by CPET) could be predicted by NLR and PLR in individuals
with stable CAD and recent elective PCIL. The aim of this study was to evaluate the utility
of two readily available inflammatory biomarkers (NLR and PLR) in predicting poor FC in
patients with CAD and recent elective PCI.

2. Materials and Methods

We conducted a retrospective cross-sectional study of all patients with stable CAD
and recent elective PCI, referred for phase II CR in the Cardiovascular Unit of the Clinical
Rehabilitation Hospital in lasi over a period of 18 months (January 2020-June 2021). The
Cardiovascular Unit of the Clinical Rehabilitation Hospital in lasi is a nationally ranked
dedicated rehabilitation center specializing in phases II and III of cardiovascular rehabilita-
tion [4,48]. Inclusion criteria were as follows: elective PCI performed for stable CAD during
the previous 3 months and CPET performed upon admission (Figure 1). Patients with ACS-
during the previous 12 months, anemia (hemoglobin <12 g/dL in females and <13 g/dL
in males), atrial fibrillation, moderate or severe valvular heart disease, decompensated
congestive heart failure, any congenital heart disease or any other severe chronic disease
except CAD were excluded from this analysis. All patients had a negative COVID-19 PCR
upon admission. Socio-demographic, clinical, biological, CPET and echocardiographic data
were extracted from hospital medical records.
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% VO2 max <70%

Assessed for eligibity (n = 541)

Not meeting inclusion criteria:
-Recent ACS (n=127)
-stable CAD without recent PCI (n = 276)

Stable CAD, recent elective PCI (n
=138) -Did not perform CPET (n=11)
= -Anemia (n = 8)
-Atrial fibrillation (n = 14)
Moderate-severe valvular heart disease (n = 18)
-Severe chronic obstructive pulmonary disease

(n=17)
Stable CAD with recent
elective PCI (n = 80)
% V02 max >70%
(n=45)

Figure 1. Flow chart diagram of patients hospitalized in the Cardiovascular Rehabilitation Clinic
Unit between January 2020 and June 2021. CAD—coronary artery disease, PCI—percutaneous
coronary intervention, ACS—acute coronary syndrome, CPET—cardiopulmonary exercise test, %
VO2 max—percentage of the predicted value of maximal oxygen uptake.

All patients were under optimal CAD treatment, according to current guidelines [49].
Obesity was defined as a body mass index (BMI) >30 kg/m?. High blood pressure (HBP)
was defined as current BP lowering treatment, prior diagnosis of HBP, resting systolic
blood pressure (SBP) greater than 140 or resting diastolic blood pressure (DBP) greater
than 90 mmHg [50]. Diabetes was defined as current antidiabetic treatment, previous
diabetes diagnosis, fasting glucose >126 mg/dL on two separate occasions or a value for
glycosylated hemoglobin >6.5% [51-53].

According to hospital protocol, blood samples were collected a jeun, in the morning
upon admission, by qualified medical professionals. All blood samples were processed in
the hospital’s laboratory. Complete blood count was processed using the Pentra DF Nexus
Hematology System® (Horiba Healthcare, Kyoto, Japan). Biochemistry was processed using
the Transasia XL 1000 Fully Automated Biochemistry Analyzer (Transasia Bio-Medicals
Ltd., Mumbai, India). We recorded the following parameters: platelet count, neutrophil
count, lymphocyte count, C-reactive protein (CRP), low-density lipoprotein (LDL) and
glycated hemoglobin (HbA1lc). NLR was calculated using the absolute neutrophil (N) and
lymphocyte (L) values from the complete blood count, using the formula: NLR = N/L.
PLR was calculated using the absolute platelets (P) and lymphocyte (L) values from the
complete blood count, using the formula: PLR = P/L.

Standardized transthoracic echocardiography (2D, Doppler) was performed by experi-
enced sonographists according to current EACVI guidelines [54] (Toshiba Aplio 500 Series,
Toshiba Medical Systems Corporation, Otawara, Tochigi, Japan) prior to CPET evaluation.
LVEF was calculated using Simpson biplane method.

CPET was performed by a certified pulmonologist on the Piston PRE-201 ergospirome-
ter (Piston Ltd., Budapest, Hungary). According to hospital protocol, CPET was performed
in the morning of the second day of hospitalization, in order to establish functional capacity
and target heart rate for exercise rehabilitation. Each patient signed a written informed
consent before the test. The test consisted of a 2 min resting period followed by 3 min warm
up at 0 W followed by standard incremental exercise protocol of 15 W/min. The CPET
was performed under continuous heart rate (HR), 12-lead ECG (electrocardiographic) and
pulse oximetry (SpO2) monitoring. Blood pressure was recorded every 2 min. Indications
for exercise termination included exhaustion, myocardial ischemia, complex ventricular
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arrythmia, grade 2 or 3 atrio-ventricular block, a sudden drop in BP levels > 20 mmHg,
extreme BP elevation (SBP > 220 mmHg, DBP > 120 mmHg), SpO2 < 80%, confusion or
severe dizziness. We recorded the following parameters: resting SBP and DBP (measured
with a manual sphygmomanometer immediately prior to the CPET), resting HR (recorded
on the resting ECG performed immediately prior to the CPET), % peak HR (maximum
heart rate relative to predicted normal for age (220—age in years)), % peak WR (maximum
workload relative to predicted normal according to age and sex, automatically calculated
by the ergospirometer software) and % VO2 max (maximum oxygen uptake (highest value,
mean of 20 s) relative to predicted normal according to age and sex, automatically calcu-
lated by the ergospirometer software). Functional capacity was assessed according % VO2
max, using a convention proposed by Cooper et al., as follows: >80%—normal, 71-80%—
mildly reduced, 51-70%—moderately reduced and <50%—severely reduced [55]. Due to a
relatively small number of enrolled patients, we divided our study group as follows: poor
FC (% VO2 max <70) and preserved FC (% VO2 max >70).

2.1. Statistical Analysis

Data analysis was performed using SPSS 20.0 (Statistical Package for the Social Sci-
ences, Chicago, IL, USA). For continuous data, the normality of distribution was assessed
by Shapiro-Wilk test. Data are presented as mean = standard deviation (SD) for continuous
variables with normal distribution, or as median with interquartile range for non-normally
distributed continuous variables. Categorical variables are presented as number of cases
with percent frequency. An independent samples T-test was used to compare continuous
variables with normal distribution. A non-parametric Mann-Whitney’s U test was applied
to compare the variables not satisfying the assumption of normality. Categorical com-
parisons were performed using Chi-square test or Fisher’s exact test (when the expected
number of values in any of the cells of a contingency table was <5). Variables with p < 0.05
in the univariate analysis were included in the multivariate logistic regression model, to
assess the independent predictors of poor FC (% VO2 max < 70). The results are presented
as odds ratio (OR) with 95% confidence intervals (Cls). Receiver operating characteristic
(ROC) curve analysis was done to determine the optimum cut-off value of PLR in predict-
ing poor FC of CAD patients and recent PCI. Correlation analyses, calculating Pearson
correlation coefficients, were assessed considering normally distributed and linearly related
variables. A two-sided p value < 0.05 was considered significant for all analyses.

2.2. Ethics Statement

The study was approved by the Review Board/Ethics Committee of the Clinical Reha-
bilitation Hospital Iasi (number 28567/21.12.2020) and complied with the Declaration of
Helsinki. The Clinical Rehabilitation Hospital lasi Review Board /Ethics Committee consid-
ered informed consent unnecessary owing to the characteristics of this study (retrospective
database analysis).

3. Results

Table 1 illustrates clinical and demographic features, laboratory findings and exercise
measurements of the 80 analyzed patients (age range: 34-79 years old) and a univariate
analysis of the two subgroups according to the values of % VO2 max. Age and the presence
of cardiometabolic comorbidities (obesity, diabetes, HTN, LDL level) were similar among
the two subgroups.

Our analysis included 35 patients with % VO2 <70 and 45 patients with % VO2 >70.
Among the hematological parameters, the PLR was higher in the group of % VO2 max
<70 than in the group of % VO2 max >70 (p = 0.003, Figure 2). NLR values were higher in
patients with poor FC, but the difference did not reach statistical significance. Patients with
preserved FC had higher LVEF values (p = 0.003) and reached a higher peak HR during
exercise (p = 0.006). CRP, platelet, neutrophil and lymphocyte count, as well as resting HR
and blood pressure values, were similar between the two subgroups.
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Table 1. Univariate analysis of the two groups according to the values of % VO2 max in all study

participants.
Parameters All Patients % VO2 Max >70 % VO2 Max <70 p Value *
(n = 80) (n=45) (n =35)
Age (years) * 55.51 + 11.83 57.02 £+ 12.08 53.57 + 11.38 0.19
NLR * 1.97 +£0.80 1.83 + 0.65 215+ 0.93 0.07
PLR * 155.6 + 52.7 137.4 + 359 169.8 +59.3 0.003
Platelet count, x10%/pL * 256 + 60 2444 4+ 56.1 266.3 + 56.1 0.11
Neutrophil count, ><103/uL x 3.32+1.25 292 +0.90 3.83 £ 1.45 0.001
Lymphocyte count, x 103/uL * 1.72 (1.44-1.99) 1.45 (1.31-2.43) 1.86 (1.65-1.88) 0.06
CRP (mg/dl) 0.41 (0.24-1.04) 0.28 (0.15-1.26) 0.54 (0.26-0.89) 0.82
LVEF * 51.31 + 11.04 55.67 £9.26 48.71 £10.93 0.003
BMI (kg/m?) 28.7 (27.4-33) 28.4 (27.4-32.4) 30.15 (25.82-33.17) 0.68
Hypertension ™ 66 (82.5) 38 (84.4) 28 (80) 0.76
Diabetes U 22 (27.5) 14 (31,1) 8 (22.9) 0.45
HbAlc (%) * 711 £ 147 6.58 + 1.10 7.67 £ 1.66 0.05
LDL (mg/dl) t 84 (69.8-108) 73(69.8-104) 100.8 (56.6-124) 0.57
Resting HR * 81.9 £+ 15.69 84.00 £ 17.25 7757 +12.76 0.05
% peak HR * 77.98 + 12.25 82.38 + 11.21 72.31 +£11.27 0.001
Resting SBP (mmHg) * 127.3 + 12.65 130 + 13.39 125.3 + 11.79 0.1
Resting DBP (mmHg) * 81.5+7.52 80.78 £ 7.305 8243 +7.8 0.33

NLR—neutrophil to lymphocyte ratio, PLR—platelet to lymphocyte ratio, CRP—C-reactive protein, LVEF—left
ventricular ejection fraction, BMI—body mass index, LDL—low-density lipoprotein, % HR—percentage of maxi-
mal predicted heart rate during test, SBP—systolic blood pressure, DBP—djiastolic blood pressure, * Difference
between % VO2 max <70 and % VO2 max >70. Data are presented as: * Mean + SD; U, %; t Median
(interquartile range).

400.00

300.00

200.00-

100.00-

Platelet to lymphocyte ratio

.00

T T

% VO2 max >70 % VO2 max <70
Functional capacity

Figure 2. Platelet to lymphocyte ratio levels according to functional capacity groups.

PLR were positively correlated with % VO2 max (p < 0.05; Table 2). NLR was associated
with PLR, but not with the analyzed CPET parameters.

In a logistic multivariate model, the PLR remained significant predictor of poor FC
(Table 3). NLR was not a significant predictor of poor FC in univariate analysis; thus, it was
not included in the multivariable regression model.
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Table 2. Pearson correlation between NLR, PLR and CPET parameters.

Parameters NLR PLR Resting HR % Peak HR % Peak WR % VO2 Max
NLR 1 0.369 * —0.087 —0.043 —0.104 —0.133
PLR 0.369 * 1 0.207 0.172 0.105 0.249*

Resting HR —0.087 0.207 1 0.594 * —0.053 0.144

% peak HR —0.043 0.172 0.594 * 1 360 * 0.448 *

% peak WR —0.104 0.105 —0.053 0.360 * 1 0.705 *

% VO2 max —0.133 0.249 * 0.144 0.448 * 0.705 * 1

* p < 0.05, NLR—neutrophil to lymphocyte ratio, PLR—platelet to lymphocyte ratio, HR—heart rate, % HR—
percentage of maximal predicted heart rate during test, % WR—percentage of the predicted value of maximal
work rate, % VO2 max—percentage of the predicted value of maximal oxygen uptake.

Table 3. Multivariate regression analysis to predict poor functional capacity.

Variables Odds Ratio 95% Confidence Interval 4
Neutrophil count, x10%/uL 1.00 0.999-1.002 0.523
PLR 1.015 1.004-1.027 0.009
LVEF 1.07 1.003-1.141 0.042
% peak HR 1.088 1.029-1.151 0.003

PLR—platelet to lymphocyte ratio, LVEF—left ventricular ejection fraction, % HR—percentage of maximal
predicted heart rate during test.

ROC curves explored the relationship between the PLR and FC. Using a cut-off point
of 139, the PLR predicted poor FC with a sensitivity of 74% and specificity of 60% (ROC
area under curve: 0.681, 95% CI: 0.563-0.799, p = 0.006; Figure 3).

ROC Curve

0.8

0.6

Sensitivity

0.4+

0.2
PLR >139

Sensitivity: 74%
Specificity: 60%

00 T T T T
00 02 04 06 08 10

1 - Specificity
Figure 3. Receiver operating characteristic curve of platelet to lymphocyte ratio for predicting poor
functional capacity.
4. Discussion

The results of the present study suggest that significant prognostic information can
be obtained from routine blood test results in CAD patients undergoing CR. Walzik et al.
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recently published reference values for NLR and PLR, encouraging a more frequent use in
clinical practice [56]. NLR and PLR were significantly higher among our patients (especially
in the subgroup with poor functional capacity) compared to the average NLR and PLR
values recently reported in a healthy population-based cohort: 1.76 (0.83-3.92) and 120
(61-239), respectively [57].

Functional capacity is an independent prognostic factor in CAD patients [4,15,58—60].
Our data show that impaired FC assessed with CPET is associated with changes in leukocyte
subsets and platelets. Inflammation plays a role in the onset, progression and destabi-
lization of atherosclerotic plaque. Systemic inflammation is known to be associated with
parietal vascular inflammation [61]. Activation of lymphocytes and monocytes is essential
in the early stages of atherosclerosis, while neutrophils are implicated in plaque destabi-
lization and thrombosis [62]. NLR is an easily available biomarker of vascular parietal
inflammation [63] with documented prognostic implications in various cardiovascular
diseases [64]. Elevated NLR has been associated with an increased risk of atrial [65-67]
and ventricular arrythmias [68] and with worse outcomes in acute decompensated heart
failure [69] and acute coronary syndromes [70]. Besides CAD, NLR offers prognostic
information in patients with abdominal aortic aneurysm [71], chronic threatening limb
ischemia [72] and other cardiovascular emergencies [73-77]. NLR is also a biomarker
of interest in severe mitral and aortic valvular heart disease [78,79] and is a predictor of
poor EC in patients with HF (OR 3.085, 95% CI 1.52-6.26, p = 0.002) [80]. Indeed, immune
dysregulation is known as an important characteristic of poor aerobic capacity. Increased
NLR could be associated with poorer physical performance in CAD patients and with
lower LVEF in patients with HF [80]. In a previous study, Yildiz et al. showed that a
threshold level of 2.26 for NLR predicts a poor FC (sensitivity of 83% and specificity of 69%)
in patients with idiopathic dilated cardiomyopathy [81]. In another study of 94 patients
with compensated HE, NLR was correlated with exercise performance, and a cut-off point
of 2.74 was established for predicting poor FC [80]. FC was expressed as maximal exercise
intensity (METs) during treadmill test in both previous studies, a less specific marker for
FC compared to % VO2 max. In the present analysis, although NLR values were higher in
patients with poor FC, the difference did not reach statistical significance.

Elevated blood and plasma viscosity have been associated with an increased risk of
CAD. CAD patients have increased platelet and monocyte aggregates in their bloodstream,
which are associated with plaque instability, worse in-hospital outcomes and an increased
risk of future cardiac events [82,83]. Exercise training improves blood rheology, which
may contribute to the increased FC observed after CR [84]. PLR reflects the balance
between thrombotic and inflammatory pathways, being influenced by blood viscosity
and inflammation [63,82]. Ayca et al. showed that patients with high PLR had higher
Syntax Score (5XS) and a PLR > 137 had a specificity of 52% and a sensitivity of 61% for
predicting SXS > 22, marking PLR as a prognostic marker in primary PCI [39]. Azab et al.
examined the prognostic value of PLR in non-STEMI [31]. At the 4-year follow up, patients
with PLR > 176 had a 42% all-cause mortality, whereas patients with PLR < 118.4 had an
all-cause mortality rate of 17%. In another study of patients with STEMI, Ugur et al. found
that patients with PLR > 174.9 had higher all-cause mortality at 6 months compared with
patients with PLR < 174.9 [32]. Moreover, previous studies also showed that high PLR is
associated with increased risks of new-onset atrial fibrillation [38], contrast-induced acute
kidney injury [85], more advanced HF [29] and no reflow after PCI in STEMI patients.

Our analysis shows that PLR is higher in patients with % VO2 max <70 than in
patients with %VO2 max >70 (p = 0.003, Figure 2). PLR was positively correlated with %
VO2 max (p < 0.05; Table 2) and remained significant predictor of poor FC (OR, 1.015; 95%
CIL, 1.004-1.027; p = 0.009) after multivariate analysis. Using a cut-off point of 139, the PLR
predicted poor FC with a sensitivity of 74% and specificity of 60% (ROC area under curve:
0.681, 95% CI: 0.563-0.799, p = 0.006; Figure 3).
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Other studies have assessed the relationship between CRP and FC in various non-
cardiovascular conditions [86-88]. Our results do not support a significant association
between CRP and FC in CAD patients with recent PCIL

The results of the present study suggest that significant prognostic information can
be obtained from routine blood test results in CAD patients with recent PCL Because the
PLR is a ratio, it is less prone to bias/variations than individual blood parameters that
can be altered by several variables (e.g., dehydration, over-hydration and blood specimen
handling). To our knowledge, this is the first study that evaluated whether PLR can predict
FC assessed by CPET in stable CAD with recent PCL

This study has several limitations. Most importantly, this single-center retrospective
analysis included a relatively small number of patients and did not include measurement of
other important cardiac biomarkers such as troponin and natriuretic peptides. Furthermore,
although all patients had a negative COVID-19 PCR upon admission, we were not able to
accurately exclude prior COVID-19 infection (we did not perform antibody testing and
we did not take into consideration vaccination status). Previous COVID-19 infection can
negatively impact functional capacity and could influence our results. The retrospective
structure of our study and the small number of cases, our multiple regression was limited to
only a few covariates. Residual covariates and additional risk factors (for example smoking
status) could significantly impact our results. Considering these limitations, our conclusions
need to be validated in larger cohort analyses. Furthermore, larger prospective studies are
needed to evaluate whether PLR can also predict FC improvement after cardiovascular
rehabilitation programs.

5. Conclusions

PLR is higher in patients with recent PCI for stable CAD and poor FC compared
to those with preserved FC. FC is an independent predictor of long-term prognosis in
CAD. Although CPET is the gold standard test for assessing FC prior to cardiovascular
rehabilitation, its availability remains limited. PLR, a cheap and simple test, could predict
poor functional capacity in patients with stable CAD and recent elective PCI and help
prioritize referral for cardiovascular rehabilitation in high-risk patients.
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