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ABSTRACT
BACKGROUND: Chronic obstructive pulmonary disease (COPD) is a common chronic infl ammatory lung 
disease with high mortality and morbidity rates. Obesity, various comorbid diseases, and infl ammation often 
coexist in chronic obstructive pulmonary disease (COPD), exhibiting a complex interaction with disease 
severity. The aim of the study was to examine the relationship between COPD markers and obesity, the 
Charlson Comorbidity Index (CCI), and neutrophil/lymphocyte ratio (NLR). 
METHODS: Eighty male patients with stable COPD admitted to the pulmonology unit were included in the 
study. The presence of comorbidities was investigated in obese and non-obese individuals with COPD. 
Pulmonary function tests and the mMRC dyspnea scale were examined, and CCI scores were calculated. 
RESULTS: 60.9 % with mild/moderate COPD, and 64.7 % with severe COPD had a comorbid disease. The 
incidence of hypertension and diabetes was signifi cantly higher in obese patients. The obesity rate was 41.3 % in 
patients with mild/moderate COPD (FEV1 ≥ 50) and 26.5 % in those with severe COPD (FEV1 < 50). There was a 
positive and signifi cant correlation between CCI value and BMI and mMRC dyspnea scale. NLR was signifi cantly 
higher in patients with FEV1 < 50 and mMRC ≥ 2. 
CONCLUSIONS: As a result, it is essential to screen obese patients with COPD, who are among the groups 
with the highest incidence of comorbidities, in terms of such diseases that exacerbate the symptoms of their 
disease. Findings may support the potential applicability of simple blood count indices (such as NLR) in the 
clinical assessment of disease in stable COPD patients (Tab. 4, Fig. 1, Ref. 46). Text in PDF www.elis.sk
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Introduction 

Chronic obstructive pulmonary disease (COPD) is one of 
the leading causes of morbidity and mortality and is a signifi cant 
public health issue prevalence of which is expected to increase 
further in the coming years (1). The number of cases of comorbid 
obesity and respiratory disease has been increasing recently (2, 
3). It is widely accepted that malnourished COPD patients with 
low body weight are at greater risk of exacerbations and have 
higher mortality rates (4, 5). Notably, however, there is evidence 
that individuals with COPD who are overweight or obese have a 
reduced risk of hospitalization and lower mortality rates. This is 

thought to be due to the physiological advantage of overweight 
or obese patients (4–6). In addition, this prognostic advantage of 
increased body mass index (BMI) in COPD, also called the “obe-
sity paradox”, may also be related to the direct effect of adipose 
tissue on lung mechanics (partial reduction in static volumes in 
obese COPD patients, etc.) (7). However, low lean body mass 
index in overweight patients means proportionally high-fat mass 
index. Furthermore, fat mass can spread from subcutaneous (sub-
dermal) tissue to visceral (intra-abdominal) adipose tissue, which 
is characterized by increased cardiovascular risk in patients with 
mild to moderate COPD (8). 

Many comorbid diseases are observed in patients with COPD, 
which can affect many systems in the body and cause an increase 
in morbidity and mortality. While some of the comorbid diseases 
develop due to long-term smoking, advanced age, and genetic 
factors, some develop due to the systemic effect of COPD (9). 
Major comorbid diseases are cardiovascular system diseases, 
skeletal muscle weakness, metabolic syndrome, diabetes mellitus, 
cachexia, osteoporosis, lung cancer, anemia, glaucoma, obstruc-
tive sleep apnea syndrome, and depression (10). Symptoms and 
side effects of treatments in patients with COPD complicate the 
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treatment of comorbid diseases. The presence of comorbidity in 
the patient affects COPD treatment, severity, symptoms, number 
of exacerbations, disease course, and mortality (9). 

It has been reported that the disease develops as a result of tis-
sue and defense system damage together with infl ammation that 
starts as a result of exposure to cigarette smoke and toxic gases 
(10). Hydrogen peroxide, superoxide anion, and hydroxyl radical 
are the major oxidant molecules released from cigarette smoke 
and neutrophils and are responsible for the pathogenesis of COPD 
(12). Macrophage, T lymphocyte (especially CD8+) and neutrophil 
cells, and protease and oxidant mediators released from them have 
a signifi cant effect on infl ammation (11, 12). Peripheral blood neu-
trophil/lymphocyte ratio (NLR) is increasingly being investigated 
as a systemic infl ammatory marker as it can be assessed quickly, 
widely, and relatively inexpensively by routine blood count analy-
sis. The disease severity in a variety of chronic diseases, including 
cardiovascular and renal diseases, has also been associated with 
hospitalization, malnutrition, relapses, and mortality (13, 14). In 
recent years, NLR has also been searched as a diagnostic and prog-
nostic marker in COPD. Various biochemical markers have been 
studied as outcome predictors in COPD, but their measurement 
often requires signifi cant time and resources. Relatively simple 
biomarkers of infl ammation calculated through routine CBC tests, 
such as NLR, can also predict COPD progression (15).

In this study, it was aimed to evaluate the relationship of prog-
nostic models such as obesity, Charlson comorbidity index and 
neutrophil/lymphocyte ratio and disease severity in COPD. It has 
been hypothesized that obesity and infl ammation increase comor-
bid diseases in COPD and are associated with disease severity. To 
test this hypothesis, NLR, a composite indicator of neutrophils and 
lymphocytes involved in COPD infl ammation, and the CCI score, 
which determines the level of comorbidity, were used and comor-
bidity differences in obese and non-obese patients were questioned.

Material and methods

Sampling and research plan
This study is a cross-sectional study and was carried out with 

male patients diagnosed with COPD in a stable period admitted 
to the pulmonary diseases’ outpatient clinic of Gazi University 
Medical Faculty Hospital, and Atatürk Training and Research 
Hospital. When calculated with 5 % margin of error, 95 % con-
fi dence interval and 80 % power using the G-power 3.1.9.2 pro-
gram, it was found that at least 80 people should be included in 
the study. Eighty patients who voluntarily agreed to participate 
and completed the study were included in the study. Patients who 
had an exacerbation in the last six weeks and those over 65 years 
of age were excluded from the study. Questionnaires and scales 
were applied to the participants by face-to-face interview method 
by the researchers. Anthropometric measurements of the patients 
were made, and body weight and fat ratio were determined by the 
bioelectrical impedance analysis method. The Neutrophil/Lym-
phocyte ratio was calculated with blood test results. The Charlson 
comorbidity Index score was determined according to comorbid 
diseases. For spirometric evaluation, pulmonary function tests of 

the patients were performed by the nurses on duty. The dyspnea 
status of the patients was evaluated using the mMRC dyspnea scale.

This study was conducted according to the guidelines laid 
down in the 1964 Declaration of Helsinki. For the study, “Ethics
Committee Approval” with the number KN 38 and dated 25.01.2016 
was obtained from the Clinical Research Ethics Committee of Gazi 
University Medical Faculty Hospital. All participants signed in-
formed consent.

Anthropometric measurements and bioelectrical impedance 
analysis (BIA)

Height, waist, and hip circumference of all patients were taken 
according to the measurement technique (16). In terms of having 
a chronic disease risk according to the World Health Organization 
(WHO) classifi cation, waist circumference measurements for male 
individuals are classifi ed as < 94 cm normal, 94–102 cm risky, and 
≥ 102 cm high risk. The waist-to-hip ratio of the patients was cal-
culated, and 0.9 and above were considered to be at risk for male 
individuals according to the WHO classifi cation (17). For body 
analysis, the BIA method and Tanita BC532 brand device were 
used. BMI (body weight/height2, kg/m2) values of the patients were 
calculated using weight and height measurements and BMI clas-
sifi cation has been evaluated according to the WHO classifi cation 
(underweight: < 18.5, normal: 18.5–24.9, overweight: 25.0–29.9, 
and obese: ≥ 30.0 kg/m2) (18). 

Biochemical tests
Analyzes were made in a private laboratory and the neutro-

phil, lymphocyte, monocytes, and leukocyte counts of the patients 
were checked. The neutrophil/lymphocyte ratio was calculated as 
a marker of infl ammation.

The Charlson comorbidity index (CCI)
The Charlson comorbidity index is a method developed to 

determine the level of comorbidities that can increase the risk of 
mortality. Among the 19 diseases in this index, a total score is 
formed by giving 1–6 points for each additional disease in the pa-

N=80
n (%)

FEV1

≥ 50 (n=46) < 50 (n=34)
BMI

<30 kg/m2 (non-obese)
≥30 kg/m2 (obese)

52 (65.0)
28 (35.0)

27 (58.7)
19 (41.3)

25 (73.5)
9 (26.5)

Comorbid disease† 
No
Yes

30 (37.5)
50 (62.5)

18 (39.1)
28 (60.9)

12 (35.3)
22 (64.7)

Heart diseases 26 (32.5) 13 (28.3) 13 (38.2)
Hypertension 26 (32.5) 14 (30.4) 12 (35.3)
Diabetes 18 (22.5) 12 (26.1) 6 (17.6)
Depression 18 (22.5) 10 (21.7) 8 (23.5)
Anemia 12 (15.0) 10 (21.7) 2 (5.9)
Sleep apnea 7 (8.8) 3 (6.5) 4 (11.8)
†Since more than one option can be marked according to these variables, the per-
centages are calculated over the number “N”. Data are presented as number (%)

Tab. 1. Obesity status and distribution of comorbid diseases according 
to FEV1 value of individuals.



Bratisl Med J 2023; 124 (7)

520 – 526

522

Fig. 1. Comorbid disease incidence rates according to obesity status of individuals (%) * p < 0.05.

CCI
p

< 3 (n=55) ≥ 3 (n=25)
Exacerbations 0.00 (0.0–8.0) 0.00 (0.0–10.0) 0.893
FEV1, % 53.64±14.99 54.27±17.18 0.867
FVC, % 70.55±16.18 63.10±19.75 0.079
FEV1/FVC 59.89±10.73 67.85±11.69 0.004*
mMRC 1.29±0.79 1.84±0.94 0.008*
BMİ, kg/m2 27.27±5.51 30.52±4.42 0.011*
Waist circumference, cm 101.68±13.80 111.60±10.71 0.002*
Waist/hip 0.97±0.07 1.02±0.06 0.006*
Body fat percentage, % 24.05±7.52 27.47±5.99 0.049*
Neutrophil count, x103/uL 5.19 (2.50–10.79) 5.53 (0.50–8.63) 0.674
Lymphocyte count, x103/uL 2.39 (1.15–5.40) 2.30 (0.83–5.33) 0.503
Monocyte count, x103/uL 0.77 (0.37–1.33) 0.81 (0.30–1.20) 0.807
Leukocyte, x103/uL 8.70 (4.96–16.77) 9.33 (3.20–12.77) 0.705
†Since more than one option can be marked according to these variables, the percentages are calculated over the 
number “N”. Data are presented as number (%)

Tab. 2. Disease markers, anthropometric measurements and blood parameters according to 
the Charlson comorbidity index score of individuals.

tient. Considering that advanced age may also cause comorbidity 
in the index, the score is increased depending on age. CCI score is 
calculated by adding one more point for every ten years over the 
age of 40 to the total score (19). Comorbidities were recorded in the 
patients with COPD in the study, and the CCI score was obtained.

Pulmonary function test
Spirometric evaluation helps to confi rm the diagnosis and 

monitor the course of the disease. For the diagnosis of COPD, 
permanent expiratory airfl ow limitation should be determined in 
the post-bronchodilator pulmonary function test of the individual 
at risk. For administration, the individual is fi rst given 400 mcg of 
salbutamol or 1000 mcg of terbutaline and is left for at least 15–20 
minutes. Then, the diagnosis is made if the FEV1/FVC (forced 
expiratory volume in the fi rst second/forced vital capacity) ratio 
measured by spirometry is less than 70 % (10). The most com-
monly used staging method in the diagnosis 
of COPD is the GOLD (Global Initiative for 
Chronic Obstructive Lung Disease) staging 
system, which classifi es patients according 
to their expected FEV1% after postbroncho-
dilator (1). The spirometric detection was 
performed with a ZAN brand spirometry 
device in 80 patients in the study. FEV1, 
FVC, and FEV1/FVC values of the patients 
were recorded. The evaluation was made 
considering the FEV1 value after the bron-
chodilator.

mMRC dyspnea scale
The mMRC (modifi ed medical research 

council) dyspnea scale is an easy-to-use test 
that evaluates patients’ dyspnea. The scale 
has 5 digits and is a self-rated scale, that is, 
patients are asked to mark the one that fi ts 
them according to their shortness of breath. 
Scoring on the scale is 0–4; 0 represents the 

best for dyspnea and 4 the worst for dyspnea (20). The degree of 
dyspnea provides insight into the risk of future mortality and pa-
tients’ perception of the disease (20, 21).

Statistical analysis
The “Mann–Whitney U test” (Z-table value) was used in the 

comparison of two independent groups in data that did not show a 
normal distribution, and the median was shown with the bottom-up. 
In correlation tests, “Pearson” and “Spearman” correlation coeffi -
cients were used according to normality. p < 0.05 was considered 
statistically signifi cant (22). The SPSS (IBM SPSS Statistics 22.0) 
package program was used for the statistical analysis of the data. 
Frequency tables and descriptive statistics were used to interpret 
the results. Frequency and percentages were utilized for qualita-
tive observations in descriptive analyses, and chi-square analyzes 
were made and interpreted in comparisons. The “Two-Independent 
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Sample t” test (t table value) was used in the comparison of two 
independent groups in the data with normal distribution and is 
shown with X̄ ± SS.

Results

The obesity status and comorbid disease distribution of the 
individuals in the study are given in Table I. Eighty stable male 
COPD patients were included in the study. The obesity rate is 41.3 % 
in individuals with mild/moderate COPD (FEV1  ≥ 50) and 26.5 % 
in individuals with severe COPD (FEV1 < 50). The most common 
comorbid diseases in the patients were found to be heart diseases 
(32.5 %) and hypertension (32.5 %). 60.9 % of individuals with mild/
moderate COPD and 64.7 % of individuals with severe COPD were 
diagnosed with a comorbid disease. The distribution of comorbid 
diseases in obese and non-obese individuals is presented in Figure 
1. The incidence of hypertension and diabetes is signifi cantly higher 
in obese individuals (p < 0.05).

Disease markers, anthropometric measurements, and blood 
parameters according to the CCI score are given in Table 2. BMI, 
waist circumference, waist/hip ratio, and body fat percentage of 
individuals with CCI score ≥ 3 were signifi cantly higher than 
those with CCI score < 3 (p < 0.05). NLR values of individuals 
according to disease parameters are shown in Table 3. NLR was 
signifi cantly higher in patients with FEV1 < 50 (p = 0.013) and 
mMRC score ≥ 2 (p = 0.015). Table 4 shows the correlation table 
of the variables. 

Discussion 

In this study, the researchers aimed to evaluate the relation-
ship between prognostic parameters such as obesity, the Charlson 
comorbidity index, and neutrophil/lymphocyte ratio and disease 
severity in COPD. The results revealed an increase in comorbid 
diseases and CCI in obese patients and an increase in NLR in sta-
ble COPD patients with severe airfl ow obstruction and dyspnea.

Comorbidities
More than two-thirds of COPD patients have one or more co-

morbidities (9). The comorbid disease has been reported in 54.5 % 
of male COPD patients (23). Clinically, there is a strong correlation 
between pulmonary dysfunction and cardiovascular morbidity and 
mortality. Due to the strong anatomical and functional relationship 
between the lungs and the heart, a dysfunction affecting one of the 
organs in the body may also affect other organs (24). Üstünova and 
Nahcivan found that hypertension (65 %), heart diseases (34 %), 
and diabetes (25 %) were most common in COPD patients (25). 
In a study conducted in the USA, it was reported that 65 % of 
COPD patients had hypertension, and 45 % had cardiovascular 
disease (26). In another study, cardiovascular disease comorbidity, 
particularly congestive heart failure, was higher in COPD patients 
(24.4 %) than those in the control group (13.5 %) (27).

Although there are controversial fi ndings regarding the rela-
tionship between impaired lung function and the risk of develop-
ing diabetes, it is known that the prevalence of diabetes in COPD 
patients is 10–14 %. The prevalence of diabetes has been reported 
to be higher, especially in patients with severe COPD (28, 29). In 
addition, COPD patients generally prefer to live in isolation due 
to their physical problems and cannot participate in many social 
activities (30). Thus, as expected, there was a prevalence of up 
to 47 % of clinically signifi cant symptoms of depression/anxiety 
among these patients (31, 32). 

In this study, the presence of comorbid diseases in the partici-
pants was 62.5 %, and the most common comorbid diseases were 
cardiovascular diseases, hypertension, diabetes, and depression. 
Dyspnea also increases in individuals with a high degree of co-
morbidity. When compared with the literature, it is concluded that 
comorbidities are common among patients with COPD, and some 
comorbid diseases are more common, consistent with previous 
studies. In addition, the number of comorbidities was found to be 
related to the symptoms of the disease.

The relation between obesity and comor-
bidity

Various studies have shown that car-
diovascular comorbidities, including hy-
pertension, often co-exist with COPD and 
are associated with increased BMI (33–35). 
A recent study by Zewari et al (2018) em-
phasized that obesity is common in patients 
with COPD and is most common in GOLD 
I-II stages (mild/moderate COPD) and least 
in GOLD IV (very severe COPD) (3). In ad-

Neutrophil/lymphocyte ratio p
FEV1

<50
≥50

2.52 (0.22–9.38)
2.06 (1.11–7.34)

0.013*

mMRC
<2
≥2

2.06 (1.11–9.38)
2.59 (0.22–7.34)

0.015*

BMI
<30
≥30

2.33 (0.22–9.38)
2.12 (1.13–7.34)

0.793

CCI
<3
≥3

2.18 (1.11–9.38)
2.61 (0.22–7.34)

0.273

* p < 0.05 Data are presented as median (range), mMRC = modifi ed Medical Research 
Council dyspnea scale, BMI = Body mass index, CCI = Charlson comorbidity index

Tab. 3. Neutrophil/lymphocyte ratios of individuals according to dis-
ease parameters.

1 2 3 4
r p r p r p r p

1. CCI
2. NLR 0.145 0.200
3. BMI 0.231 0.039* –0.084 0.457
4. FEV1 –0.035 0.757 –0.280 0.012* 0.170 0.132
5. mMRC 0.300 0.007* 0.294 0.008* 0.102 0.307 –0.337 0.002*
* p < 0.05, CCI = Charlson comorbidity index, NLR = Neutrophil/lymphocyte ratio, BMI = Body mass index, 
mMRC = modifi ed Medical Research Council dyspnea scale

Tab. 4. Correlation table of variables.
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dition, our study showed that there are different comorbidities in 
obese and non-obese COPD patients. Cardiovascular and metabolic 
comorbidities (especially hypertension and diabetes mellitus) are 
more common in obese COPD patients (3, 36). According to the 
2010 data of the Turkish Nutrition and Health Survey (TNHS), the 
prevalence of obesity among adult men is 20.5 %. In our study, 
we found the prevalence of obesity to be 35 % among male indi-
viduals with COPD. It appears that obesity is more common in 
men with COPD than in the general population. In terms of the 
risk of obesity-related chronic disease in males, WHO classifi es 
waist circumference as < 94 cm normal, 94–102 cm risky, and ≥ 
102 cm high risk (17). Therefore, in our study, individuals with a 
CCI ≥ 3 were in the high-risk category of the mean waist circum-
ference, and the incidence of hypertension and diabetes in obese 
individuals was signifi cantly higher than in non-obese ones. In 
conclusion, obesity is associated with different clinical outcomes 
an increased number of comorbidities, and different comorbidity 
patterns in COPD.

Infl ammation
Decreased lung function in COPD patients is associated with 

increased infl ammatory markers, including sputum neutrophils, 
fi brinogen, and some acute-phase proteins such as C-reactive 
protein (CRP) (37, 38). In addition, a low-grade infl ammation 
demonstrated by increased blood leukocyte levels, acute phase 
proteins, and other infl ammatory cytokines has also been associ-
ated with stable COPD (37). With the formation of infl ammation, 
deterioration in the functional status of patients with COPD is ob-
served over time. This is caused by impaired gas exchange due to 
symptoms like dyspnea, cough, and fatigue, which are observed 
in all lung diseases (10). 

NLR is considered as a new infl ammatory marker in the evalu-
ation of infl ammation in COPD patients with its rapid, inexpensive, 
and easily measurable feature by routine complete blood count 
analysis (37, 39). In stable COPD patients, however, the use of 
NLR as a marker has only been evaluated in the last few years 
(37, 39–41). Furutate et al (2016) examined 141 COPD patients 
to evaluate the relationship between NLR and clinical parameters 
in stable patients. While NLR was positively correlated with the 
BODE (BMI, airfl ow obstruction, dyspnea, exercise capacity) in-
dex and mMRC score, which is a composite marker of the disease, 
it was inversely correlated with FEV1 and the 6-minute walk test. 
A signifi cant correlation was also observed between CRP and NLR 
(39). Likewise, we found a negative correlation between NLR and 
FEV1, and a positive correlation between NLR and mMRC dyspnea 
scale in our study. We also showed that patients with FEV1 < 50 
and mMRC ≥ 2 had a signifi cantly higher NLR. Therefore, it ap-
pears that NLR is associated with disease severity and symptoms 
in individuals with COPD. NLR also increased with increasing 
disease severity and symptoms in COPD. 

The relation between infl ammation and comorbidity
The pathogenic mechanisms underlying comorbidities in 

COPD remain unclear. It has been hypothesized that the transfer 
of infl ammatory mediators from the lung to the systemic circu-

lation contributes to the development of comorbidities in COPD 
patients (24). It is thought that the chronic infl ammatory process 
has a leading role in the pathogenesis of COPD and may be re-
sponsible for the increased comorbidity rate. Infl ammation may be 
effective in the development of cardiovascular diseases, especially 
among COPD patients, but the exact mechanism is still unclear. In 
addition, smoking can increase the risk of insulin resistance and 
diabetes, which are very common in COPD, by creating systemic 
infl ammation in the body (28, 36). However, it should be noted that 
not only systemic infl ammation but also the use of corticosteroids, 
especially systemic corticosteroids, may contribute to the devel-
opment of diabetes mellitus in COPD patients (42, 43). There is 
evidence that systemic infl ammation is involved in the pathogen-
esis of depression (44). Despite these fi ndings in the literature, we 
could not detect a signifi cant relationship between CCI score and 
NLR in our study. Although NLR is higher in patients with a high 
CCI score, the difference is not signifi cant. Likewise, Furutate et 
al (2016) also evaluated the relationship between NLR and clinical 
parameters in stable patients and found no signifi cant difference be-
tween NLR and CCI (39). However, it should be emphasized here 
that the CCI scale does not include all comorbid diseases. There-
fore, we could not evaluate the link between comorbidities not 
included in the CCI score and NLR. NLR may also be affected by 
many factors such as smoking and alcohol consumption, apart from 
various comorbid diseases such as systemic infections, athero-
sclerosis, hypertension, chronic kidney disease, and diabetes (45). 
According to this new concept of “multimorbidity”, where mul-
tiple diseases coexist with common risk factors such as smoking, 
immobility, and age in COPD patients, various chronic diseases 
may have synergistic effects on general health status (46). There-
fore, multiple morbid conditions and their risk factors may have 
interacted with NLR and infl uenced it in this study. Considering 
this new concept and the fi ndings of our study, we speculate that 
not only systemic infl ammation but also other factors such as age 
may cause comorbidities in COPD patients. 

Conclusions 

Hypertension and diabetes mellitus are the most common co-
morbidities in obese COPD patients. The increase in comorbidi-
ties exacerbates the symptoms of the disease in COPD patients. 
Therefore, active screening for these comorbidities should be a 
priority and focus, especially for physicians treating obese COPD 
patients with high comorbidities, and medical nutrition therapy 
of obesity should be given importance with the coordination of 
dietitian. Treatment of the most common comorbidities can im-
prove disease prognosis and reduce mortality. However, how to 
treat obesity in COPD patients remains a question that needs to be 
evaluated more comprehensively in the future due to the obesity 
paradox. At this point, NLR appears to have several advantages for 
the characterization of COPD as it is a simple, inexpensive, and 
easily applicable indicator. Since NLR is associated with FEV1 and 
mMRC, it can provide valuable information in the clinical assess-
ment of the disease. The benefi t of NLR in COPD patients should 
be elucidated in future studies in clinical settings.
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