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ABSTRACT

OBJECTIVES: The aim of the present study was to evaluate the relationship between exercise capacity and
n/lymphocyte ratio (NLR) in patients enrolled in a cardiopulmonary rehabilitation program.

BACKGROUND: NLR has recently been used as a potential marker to determine inflammation in cardiac and
non-cardiac diseases.

METHODS: In this retrospective study, an exercise test and six-minute walking test (6MWT) were carried out
in 23 patients with coronary artery disease and 28 patients with pulmonary disease before cardiopulmonary

rehabilitation program, and routine hemogram test results were evaluated.

RESULTS: The result of 6BMWT test distance was 333.43 + 86.58 m in the cardiac rehabilitation group and
348.46 + 81.37 m in the pulmonary rehabilitation group. There was a negative correlation between 6MWT
and NLR in the cardiac rehabilitation group (p < 0.05). As NLR increased, the MET value and duration of

exercise decreased in the pulmonary rehabilitation group (p < 0.05).

CONCLUSION: NLR could be used as a predictor to evaluate the exercise capacity in patients to be enrolled
in cardiopulmonary rehabilitation program (Tab. 3, Ref. 30). Text in PDF www.elis.sk.
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Introduction

Cardiovascular diseases and chronic obstructive pulmonary
disease (COPD) are chronic conditions that could impair physical
functionality, psychological health and life quality (1). Atheroscle-
rotic cardiovascular diseases and chronic airway diseases (asthma
and COPD) are among the ten most common diseases in Turkey
(2). Inflammation plays a key role in the onset and progression of
cardiovascular diseases, COPD and asthma. Neutrophil/lympho-
cyte ratio (NLR) has recently been used as a potential marker to
determine inflammation in cardiac and non-cardiac diseases (3,4).
In addition, NLR has been found to be associated with disease
severity, hospitalization, malnutrition, recurrence and mortality
in various chronic conditions including cardiovascular diseases
(3, 5). In a Japanese study dealing with the association between
NLR value and clinical parameters in 141 individuals with COPD
diagnosis, the elevated NLR values were associated with higher
BODE index (body mass index, obstruction, dyspnea and exercise
capacity). This finding means that NLR is associated not only with
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airway obstruction but also with higher malnutrition, dyspnea and
impaired exercise capacity (6).

Cardiopulmonary rehabilitation programs are considered a
part of comprehensive care for the patients with cardiopulmonary
disease (7). Maximum exercise capacity, which is among the core
starting components of cardiac rehabilitation in all clinical condi-
tions, is measured by symptom-limited exercise test (8). The most
objective method to measure exercise capacity is cardiopulmo-
nary exercise test which measures peak oxygen consumption (9).
Nevertheless, cardiopulmonary exercise test cannot be used at any
time and needs considerable level of expertise. Instead of using
this test, the exercise capacity is generally measured indirectly and
expressed as metabolic equivalent (MET) (10). Another method
used to determine exercise capacity is the six-minute walking test
(6MWT) (11). In a multicenter prospective observational study
with 885 COPD patients, individuals with higher NLR levels were
found to have shorter 6SMWT distances (12).

The aim of the present study was to evaluate a possible asso-
ciation between NLR levels and exercise capacity in individuals
planned to be enrolled in cardiopulmonary rehabilitation program.

Methods

This retrospective study included the starting data of 51 in-
dividuals who had atherosclerotic cardiovascular disease, COPD
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and asthma diagnoses and who were treated at the Cardiovascu-
lar Rehabilitation Unit in 2017-2018 period. Symptom-limited
treadmill test and 6MWT test were performed for all patients
based on symptom-limited treadmill test results and guidelines
(13). Patients were asked to walk the longest distance in a marked
area for six minutes. They were told that they could slow down or
accelerate at their will. The test was terminated in patients who
developed serious symptoms during the test. MET values were
obtained from symptom-limited exercise test performed based
on the Bruce protocol or its modified version (14). Hemogram
test results were obtained from hospital information system. The
neutrophil/lymphocyte ratio was calculated by dividing absolute
neutrophil count by absolute lymphocyte count, while platelet/
lymphocyte ratio was obtained from dividing absolute platelet
count by absolute lymphocyte count. Five patients whose hemo-
gram test results could not be obtained and six patients whose
symptom-limited exercise tests were carried out using bicycle er-
gometry were excluded. The study protocol was approved by the
local ethic committee (19-KAEK-058).

Statistical analyses
The descriptive analyses were conducted to obtain informa-
tion about general characteristics of the study groups. The data of

Tab. 1. Quantitative variables of cardiac and pulmonary rehabilita-
tion groups.

Group
Cardiac Pulmonary
rehabilitation rehabilitation p

Mean+SD Mean+SD
Age 60.04+6.79 54.07£11.08  0.241
Resting peak heart rate 83.00+13.91 87.68+14.09  0.133
Exercise test peak heart rate 142.52+15.27 133.29+25.45  0.067
Exercise test peak heart rate (%) ~ 87.48+9.29 82.14+10.76  0.146
Borg score 11.96+1.02 12.39+£1.26  0.527
6MWT 333.43486.58  348.46+81.37 0.542
MET 9.374£2.37 8.83+3.55 0.195
Duration of exercise (minute) 7.51£2.67 6.65+2.02 0.079
Neutrophil/lymphocyte ratio 2.01+£1.22 2.63+1.23 0.343
Platelet/lymphocyte ratio 110.94+46.87  120.97426.95 0.144
Platelet count 231.70£52.69  256.82+65.62  0.023
Neutrophil count 4.14+1.51 5.49+2.40 0.471
Lymphocyte count 2.32+0.81 2.18+0.64 0.241

Significance test between the two means was used.

continuous variables were presented as mean + standard devia-
tion while the data of categorical variables were given as n (%).
The differences between group means were compared using the
significance test for the difference between two means for quan-
titative variables. The Pearson correlation coefficient was used to
determine the relationships between quantitative variables. The p
values lower than 0.05 were considered statistically significant.
Statistical analyses were performed using SPSS software (IBM
SPSS Statistics ver. 19, SPSS Inc., an IBM Co., Somers, NY).

Results

Of all participants, 49 % (n = 25) were female and 51 % (n
= 26) were male. Twenty-three patients with coronary artery dis-
case diagnosis (45.1 %) were included in a cardiac rehabilitation
program while 14 patients (27.5 %) with asthma diagnosis and
14 patients (27.5 %) with COPD diagnosis were enrolled in a
pulmonary rehabilitation program. No significant differences (p
> 0.05) were found between cardiac and pulmonary rehabilitation
groups except for platelet count. The average age was 60.04 + 6.79
years in the cardiac rehabilitation group and 54.07 + 11.08 years
in the pulmonary rehabilitation group. In the cardiac rehabilita-
tion group, the mean 6MWT distance was 333.43 + 86.58 meters
and the mean MET value was 9.37 + 2.37. The same values were
348.46 + 81.37 meters and 8.83 + 3.55 for the pulmonary reha-
bilitation group. Neutrophil/lymphocyte ratio was 2.01 £ 1.22 in
the cardiac rehabilitation group and 2.63 + 1.23 in the pulmonary
rehabilitation group (Tab. 1).

The resting peak heart rate, Borg score, MET and duration of
exercise were not correlated with other variables in the cardiac re-
habilitation group. The 6MWT values were positively correlated
with the exercise test peak heart rate (p < 0.05). A significant and
negative correlation was found between 6MWT and neutrophil/
lymphocyte ratio (p < 0.05). In addition, the relationship between
neutrophil/lymphocyte ratio and platelet/lymphocyte ratio was also
significant (p < 0.05) (Tab. 2).

In the pulmonary rehabilitation group, the resting peak heart
rate was positively correlated with the exercise test peak heart
rate and exercise test percent of peak heart rate (p < 0.05). The
duration of exercise and MET increased along with the increase
in 6MWT distance (p < 0.05). The increase in MET was posi-
tively correlated with the exercise test peak heart rate, exercise

Tab. 2. Correlations between quantitative variables in the cardiac the rehabilitation group.

1 2 3 4 5 6 7 8
1 Resting peak heart rate r 1 116 101 .016 229 -.359 -.255 -.216
2 Exercise test peak heart rate r 116 1 .868%* -.395 .659% 221 104 =310
3 Exercise test peak heart rate (%) r 101 .868* 1 -.304 .628%* .348 .043 -.113
4 Borg score r .016 -.395 -304 1 -.037 206 -304 -.038
5 6MWT r 229 .659% .628%* -.037 1 .290 -.183 -.633*
6 MET r -.359 221 348 206 290 1 312 -.059
7 Duration of exercise r -.255 .104 .043 -.304 -.183 312 1 410
8 Neutrophil/lymphocyte ratio r -.216 -.310 -.113 -.038 -.633* -.059 410 1
9 Platelet/lymphocyte ratio r -.148 -.385 -291 262 -.385 -.156 .100 .598%*

Pearson correlation coefficient was used. * p <0.05
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Tab. 3. Correlations between quantitative variables in the pulmonary rehabilitation group.

1 2 3 4 5 6 7 8
1 Resting peak heart rate T 1 A450% .385% -.099 -.171 -.161 .055 -.076
2 Exercise test peak heart rate T A450% 1 .691%* -.362 236 .394%* .383%* -.254
3 Exercise test peak heart rate (%) r .385%* .691* 1 =371 314 .536* 407* -.176
4 Borg score T -.099 -.362 -.371 1 -.202 -.212 -.230 -.064
5 O6MWT r -171 236 314 -202 1 495% AT5* -175
6 MET r -.161 .394% .536* =212 495% 1 499* -.463*
7 Duration of exercise r .055 .383%* 407* -.230 A475% 499%* 1 -.448%*
8 Neutrophil/lymphocyte ratio T -.076 -.254 -.176 -.064 -.175 -463* -.448%* 1
9 Platelet/lymphocyte ratio T -.120 .061 -.109 -.033 -.199 -.106 .059 277

Pearson correlation coefficient was used. * p <0.05

test percent of peak heart rate, GMWT and duration of exercise (p
< 0.05). It was observed that along with longer exercise time the
exercise test peak heart rate, exercise test percent of peak heart
rate, SOMWT and MET values increased (p < 0.05). Higher neu-
trophil/lymphocyte ratios were negatively correlated with MET
value and duration of exercise (p < 0.05). The platelet/lymphocyte
ratio and Borg score were not significantly correlated with other
variables (Tab. 3).

Discussion

Leucocyte activation and migration of cells from blood to
the inflammation area could play a significant role in decreased
exercise capacity (15, 16). In addition, in previous studies it was
suggested that proinflammatory cytokines (tumor necrosis fac-
tor alpha and interleukin-1) could modulate cardiac functions,
peripheric vascular functions and exercise performances through
mechanisms such as production of free oxygen radicals and apop-
tosis (15—18). In the present study, increased NLR values were
correlated with lower exercise capacity. In a study evaluating the
association between preoperative exercise capacity and inflamma-
tory markers, the impaired cardiovascular performance measured
by cardiopulmonary exercise test was correlated with leucocyte
changes (19). In the same study, decreased CD14 monocyte ex-
pression and lymphopenia were associated with impaired cardio-
respiratory capacity.

As NLR increased, the 6MWT distance decreased in the pa-
tient group with atherosclerotic cardiovascular disease for which
cardiac rehabilitation program was planned. Inflammation plays a
role in the onset, progression and destabilization of atherosclerotic
plaque. Systemic inflammation is known to be associated with in-
flammation in vessel walls (20). Lymphocytes and monocytes play
roles in early stages of plaque while neutrophils are involved in
acute disruption of plaque and thrombotic occlusion (20, 21). In
individuals with atherosclerotic cardiovascular disease, the NLR
increase could affect physical performance. Immune dysregula-
tion is known as an important characteristic of poor aerobic ca-
pacity (22). Platelets are also thought to play a major role in the
pathogenesis of atherosclerosis. Platelet/lymphocyte ratio (PLR)
has been shown to be associated with all-cause mortality in acute
myocardial infarction patients (23). Systemic infection lowers
the lifetime of erythrocytes and platelets and results in membrane
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deformity. The high red cell distribution width and mean platelet
volume were reported to be associated with elevated inflamma-
tion in various diseases (24-26). In the present study, NLR was
associated with PLR, but no relationship was found between PLR
and exercise capacity.

In the present study, the NLR increase tended to have an as-
sociation, though not significant, with MET decreases in patients
for whom cardiac rehabilitation was planned. Similarly, in another
study dealing with individuals with idiopathic dilated cardiomy-
opathy diagnosis, the elevated NLR was associated with poor
functional capacity (27). Functional capacity, expressed as MET
based on treadmill test, is one of the major prognostic factors in
individuals with heart failure. The NLR value with a threshold
level of 2.26 predicts a poor functional capacity with the sensi-
tivity of 83 % and specificity of 69 % (27). In a study by Cakici
et al, functional capacity (3.2 +2.05 MET and 6.1 +2.04 MET; p
<0.001) and ejection fraction (31.5 % + 7.64 and 34.8 % =+ 6.82;
p = 0.028) were lower in patients with heart failure whose NLR
was over 3. NLR threshold level of 2.74 had a 79.4 % sensitiv-
ity and 80 % specificity in predicting the low functional capacity.
Therefore, NLR was proposed as a useful tool to evaluate exercise
performance of patients with heart failure (28). Similarly, NLR
could also be used to predict functional capacity of patients before
cardiac rehabilitation program.

The present study showed that MET decreased along with in-
creasing NLR in a pulmonary rehabilitation program. Frutate et al
(6) evaluated the association between NLR and clinical parameters
of stable period in 141 COPD patients. They also studied a potential
change during exacerbations of disease in 49 patients. NLR was
significantly associated with forced expiratory volume in the first
second (FEV 1), BODE index and 6MWT. Similar to the present
study, NLR was associated with exercise capacity and was also
reported to be a possible predictor of COPD severity and clinical
performance (6). Though not significant, NLR had a negative cor-
relation with 6MWT distance in the present study. Lee et al (12)
also reported a negative relationship between NLR and 6MWT
test distances in COPD patients. In a similar study dealing with
the association between NLR and clinical parameters in COPD
patients, NLR was significantly associated with BODE index and
6MWT distance (29). Thus, the NLR value measured before the
pulmonary rehabilitation program could be used to estimate the
exercise capacity of the patients.
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Study limitations

The present study is the first to evaluate the association be-
tween NLR value and exercise capacity in individuals for whom
cardiopulmonary rehabilitation program is planned. Nevertheless,
the study has some limitations. Some associations may not have
reached the significance level because of a relatively low number
of patients and single-center nature of the study. Due to the lack
of sufficient equipment for the exercise test, the cardiopulmonary
exercise test was not used and therefore the association between
NLR and peak oxygen capacity was not established. Because of
the sectional structure of the study, the relationship between NLR
and performance of patients during the rehabilitation program was
not studied. Therefore, larger cohort studies are needed to evaluate
the association between NLR and functional capacity changes of
the patients at the end of the rehabilitation program.

Conclusion

A previous study reported that measuring the starting NLR
value could be used to distinguish the patients who could ben-
efit from cardiac resynchronization therapy (30). Another area in
which NLR value might be useful are cardiopulmonary rehabilita-
tion programs. As an easily accessible parameter for individuals
who are to be enrolled in cardiopulmonary rehabilitation program,
NLR could be used to predict the exercise capacity and functional
capacity, and to estimate MET value and distance that patients
could cover in 6MWT test.

* Neutrophil/lymphocyte ratio has recently been used as a po-
tential marker to determine inflammation in cardiac and non-
cardiac diseases.

 Cardiopulmonary rehabilitation programs are considered a part
of comprehensive care for the patients with cardiopulmonary
disease.

* Neutrophil/lymphocyte ratio could be used as a predictor to
evaluate the exercise capacity in patients who are to be enrolled
in a cardiopulmonary rehabilitation program.
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