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ABSTRACT

Aim: In this study, we aimed to investigate the relationship between the levels of adipocytokines anorexigenic nesfatin-1 and
orexigenic ghrelin levels and body mass index (BMI), muscle mass, muscle strength and sarcopenia in patients with chronic
obstructive pulmonary disease (COPD).

Material and Method: The patients were divided into two groups according to the severity of COPD. Body mass index
(BMI), body fat and muscle measurements were measured with bioelectrical impedance device. A hand-grip strength test was
performed with a hand dynamometer to determine muscle strength. We used the mMRC (Modified Medical Research Council
Questionnaire) questionnaire to measure the intensity of dyspnea during daily activities. A 6-minute walk test (6MWT) was
used to test functional capacity and physical exercise tolerance. COPD Assessment Test (CAT) was performed to determine
the health status. Serum nesfatin-1 and ghrelin levels were measured in all patients.

Results: In a total of 90 patients (16 female and 74 male) were included in the study prospectively. There was not any significant
difference regarding the Nesfatin-1, ghrelin and Nesfatin-1/ghrelin ratio between mild/moderate or severe COPD patients.
Muscle strength was correlated positively with 6MWT, nesfatin-1 and ghrelin levels, but negatively correlated with CAT score
and mMRC score. The number of patients in the advanced stage of COPD was higher in the sarcopenia group than in the
non-sarcopenia group.

Conclusion: There was a positive correlation between muscle strength and nesfatin-1 and ghrelin levels. However, muscle
strength was negatively correlated with mMRC and CAT scores. Approximately 19% of COPD patients had sarcopenia. Serum
nesfatin-1 and ghrelin levels were not different between sarcopenic and non-sarcopenic COPD patients.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
characterized by permanent limitation of airflow and
exacerbations in respiratory distress, also causing
systemic effects. In addition to the inflammation process
in the lungs, there is a low-grade systemic inflammation
in COPD resulting in co-morbidities (1). Although not
elucidated clearly yet; smoking, lung hyperinflation,
tissue hypoxia and skeletal muscle dysfunction have
been suggested as possible factors in the pathogenesis of
systemic inflammation in COPD. Lately, adipose tissue
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mediated inflammation is gaining increasing interest
as an important mechanism in inducing systemic
inflammation in COPD (2).

Involuntary weight loss is a common complication of
COPD and has been found to be associated with negative
outcomes regardless of its degree. It was found that
approximately 50% of hospitalized patients with COPD
were below 90% of their ideal body weight. Low body
weight and muscle loss are associated with accelerated
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mortality and decline in clinical status, regardless of the
severity of lung disease. Sarcopenia is defined as low
muscle mass together with low muscle function. Initially,
sarcopenia was used to describe age-related muscle mass
and loss of strength. The European Working Group on
Sarcopenia in the Elderly (EWGSOP) recommends
the presence of both low muscle mass and low muscle
function (strength or performance) for the diagnosis of
sarcopenia (3). Chronic inflammatory diseases are known
to induce sarcopenia (4,5). Recently, in presarcopenic
and sarcopenic individuals a higher prevalence of COPD
but not other chronic diseases was reported (6).

Adipokines are protein mediators secreted by adipose
tissue and are involved not only in regulating energy
metabolism, but also in inflammatory responses in many
chronic diseases. Nesfatin-1 is a new adipokine that was
discovered in 2006 and was first associated with appetite
and body weight control in rats. Nesfatin-1 is expressed
in human adipose tissue and has been shown to increase
secretion of tumor necrosing factor- a (TNF-a), IL-
6, insulin and dexamethasone (7). On the other hand,
a study examining emphysema-type COPD patients
suggested that NUCB2/nesfatin-1 may be a new factor
associated with systemic inflammation in COPD and may
emerge as a stable new inflammatory factor (8). Ghrelin,
a 28-amino acid peptide secreted from the stomach, was
isolated in 1999 as an endogenous ligand for the growth
hormone secretor receptor. Plasma ghrelin levels are
inversely proportional to body mass index (9).

In this study, we aimed to investigate the relationship
between circulating nesfatin-1 and ghrelin levels and
body mass index, muscle mass, muscle strength and
sarcopenia in COPD patients; this may lead to a new
way of predicting the course of the disease and delaying
and reducing complications.

MATERIAL AND METHOD

In this prospective study, the patients with mild,
moderate, severe and very severe stable COPD who
were admitted to the pulmonology outpatient clinic
during the three-month period (between 30 June
2019 and 30 September 2019) were included in the
study. Patients with malignancy, thyroid dysfunction,
psychiatric disorders or chronic inflammatory diseases,
and patients receiving corticosteroid therapy or dietary
supplementation were excluded. All consecutive
patients who gave consent were included in the
study. The study was approved by the Health Sciences
University, Okmeydani Training and Research Hospital
Clinical Research Ethics Committee (Date: 23.06.2019,
Decision No: 48670771-514.10) and performed in
accordance with declaration of Helsinki.
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In addition to demographic characteristics, body mass
index (BMI), body fat and muscle measurements were
recorded with bioelectrical impedance device (Tanita
BIA model TBF-300; Tanita Corporation, Tokyo,
Japan). To determine the muscle strength, a handgrip
strength test was performed with a hand dynamometer
(Jamar dynamometer, Takei Scientific Instruments Co.,
LtdJapan). While the grip strength was measured, three
measurements were performed with the dominant hand
and averaged in kilograms (3). BMI was calculated as
body weight (kg)/height2 (m2). The cut-off values for
low muscle mass were <8.50 kg/m2 for men and <5.75
kg/m2 for women (3). To evaluate the muscle strength,
grip strength was considered as> 20 kg in women and>
30 kg in men as normal (3). According to the European
Working Group on Sarcopenia in the Elderly, patients
with low muscle mass and low muscle strength were
evaluated as having sarcopenia (3).

According to GOLD criteria, the post-bronchodilator
FEV1/FVC <70% on spirometric measurement confirms
the diagnosis of COPD. Patients were classified as >80%
(mild), 50-79% (moderate), 30-49% (severe) and <30%
(very severe) according to the expected FEV1 percentage
on spirometric measurement (10). At the same time,
the severity of COPD (clinical stage) was determined
according to the GOLD criteria, with the post-
bronchodilator FEV 1, the number of exacerbations on
the last year, presence of hospitalization, and dyspnea.
Dyspnea was evaluated with the mMRC and CAT
scores (10). Based on these criteria, each patient was
clinically classified as GOLD stage A, B, C or D (10). We
divided the patients into two groups for comparison.
Patients with COPD were classified as a group (1 + 2)
with mild to moderate obstructive disorder according
to FEV1 values, and the remaining group with severe to
very severe obstructive disorder (3 + 4). COPD was also
divided into two groups according to the clinical stage
A + B and C + D. We used the mMRC questionnaire to
measure the intensity of dyspnea during daily activities.
COPD Assessment Test was performed to determine the
health status. Patients with a total score of 210 points
were evaluated as symptomatic (11). 6MWT was used
to test the functional capacity and physical exercise
tolerance.

Serum nesfatin-1 and ghrelin levels were measured
in all patients. For blood Nesfatin-1 and ghrelin
measurements, blood was transferred to yellow
biochemistry tube, centrifugation was carried out, and
supernatant was taken to eppendorf tube and stored at
-80 degrees. Serum levels of Nesfatin-1 and ghrelin were
detected by ELISA (enzyme-linked immunosorbent
assay) method through commercial kits.
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Statistical Analyses

Statistical analyses were performed by using SPSS
program v.21 (SPSS Inc., Chicago, IL). Continuous data
were expressed as meantstandard deviation or median
and categorical data were expressed as percentages. Chi-
square test was used for the comparison of categorical
data. Pearson’s correlation analysis was performed to
determine the association of different test parameters. A
value of p< 0.05 was considered statistically significant.

RESULTS

In a total of 90 patients (16 female and 74 male) were
included in this prospective study. The mean age of the
study participants was 59.82+9.984 years. Patients with
COPD were divided into subgroups according to the
spirometric FEV1 (%) measurements as mild-moderate
(stage 1 and 2) and severe-very severe (stage 3 and 4).
Between those two subgroups, BMI, fat mass, muscle
mass and grip strength, serum nesfatin-1, ghrelin and
nesfatin-1/ghrelin ratio were compared (Table 1). In the
mild to moderate COPD group; the number of patients
with normal fat mass (%) was significantly higher. There
was no significant difference between the two subgroups
of COPD patients in terms of nesfatin-1, ghrelin levels or
nesfatin-1/ghrelin ratio.

Table 1. Comparison of serum nesfatin-1, ghrelin and nesfatin-1/

ghrelin ratio according to stage of COPD

GOLD 1+2 GOLD 3+4 PG
(n:49) (n:41)

BMI (kg/m2) 25.25+4.58 23.47+4.31 0.09
Fat mass (%) 24.07+10.37 19.33+£9.17 0.026
Muscle mass (%) 33.03+4.99 33.65+4.40 0.541
Grip strength (kg) 32.03+7.12 29.66+6.74 0.113
6MWT(m/sn) 0.92+0.08 0.77£0.14 0.001
CAT score (+) 3/49 29/41 0.001
mMRC score 1.29+0.50 2.74+0.71 0.001
Nesfatin-1(ng/ml) 19.64+15.71 22.45+14.68  0.385
Ghrelin (ng/ml) 2.74+3.83 2.92+3.02 0.803
Nesfatin-1/Ghrelin ratio 8.62+3.48 9.10+3.09 0.493
BMI:Body mass index, 6MWT:6 minutes walking test, CAT: COPD assessment test,
mMRC: Modified Medical Research Council

Patients were subdivided into mild-moderate (stage A
and B) and severe-very severe (stage C and D) groups
according to the GOLD clinical stage. BMI, fat mass,
muscle mass and grip strength, serum nesfatin-1, ghrelin
and nesfatin-1/ghrelin ratio between these two subgroups
were compared (Table 2). The number of patients with
normal fat mass (%) and 6MWT was significantly
higher in the mild to moderate COPD group. There was
no significant difference between the two subgroups
of COPD patients in terms of nesfatin-1, ghrelin and
nesfatin-1/ghrelin ratio.

Table 2. Comparison of BMI, fat mass and grip strength, serum

nesfatin-1, ghrelin and nesfatin-1/ghrelin ratio

GOLD (A+B) GOLD (C+D) P

(n:47) (n:43) value
BMI (kg/m2) 24.80+4.76 24.12+4.27 0.47
Fat mass (%) 23.02+11.00 20.92+9.01 0.032
Muscle mass (%) 33.22+5.37 33.39+3.97 0.86
Grip strength (kg) 32.00+7.63 29.93+6.20 0.16
6MWT (m/sn) 0.92+0.08 0.78+0.14 0.001
CAT score (+) 7147 25/43 0.001
mMRC score 1.51£0.65 2.37£1.00 0.001
Nesfatin-1(ng/ml) 20.25+15.74 21.52+14.85 0.69
Ghrelin (ng/ml) 2.84+3.97 2.79£2.90 0.94
Nesfatin-1/Ghrelin ratio 8.84+3.68 8.82+2.90 0.98
BMI:Body mass index, 6MWT:6 minutes walking test, CAT: COPD assessment test,
mMRC: Modified Medical Research Council

In correlation analysis, fat mass was positively correlated
with BMI and negatively correlated with mMRC score;
muscle mass was negatively correlated with BMI. Grip
strength was positively correlated with 6 MW'T, nesfatin-1
and ghrelin levels, but negatively correlated with CAT
and mMRC scores (Table 3).

Table 3. Correlation analysis between patients’ clinical
characteristics and fat mass, muscle mass and handgrip strength

Fat mass (%) Musi})/i)mass Grip strength
r P r P r P

Age (years) 0.024 0.826 -0.148 0.165 -0.123 0.248
BMI(kg/m2) 0.678 0.001 -0.469 0.001 0.077 0.468
6MWT (m/sn) 0.101 0.343 0.124 0.245 0.237 0.024
CAT score (+) -0.172 0.105 -0.001 0.994 -0.244 0.021
mMRC score -0.243 0.021 0.013 0.900 -0.305 0.003
Nesfatin-1 -0.158 0137 0170 0.108 0221 0.036
(ng/ml)
Ghrelin -0.152 0152 0190 0.073 0241 0.022
(ng/ml)
Nesfatin-1/ 503 0978 -0017 0873 -0055 0.607
Ghrelin ratio
BMI:Body mass index, 6MWT:6 minutes walking test, CAT: COPD assessment test,
mMRC: Modified Medical Research Council

Sarcopenia was detected in 17 of the study participants.
A comparison of the general characteristics and
laboratory results of patients with or without sarcopenia
is summarized in Table 4. There was no significant
difference between the two groups in terms of age,
gender, BMI or smoking status. However, the total
cigarette pack/year (p: 0.04) and COPD duration (p:
0.02) of the patients with sarcopenia were significantly
higher than those of COPD patients without sarcopenia.
Similarly, the number of patients in the advanced stage
of COPD was higher in the sarcopenia group than in the
non-sarcopenia group. Also, FEV1 (%), FVC (%) and
FEV1/EFVC (%) values were worse in sarcopenia group
compared to non-sarcopenia group (p: 0.001).
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Table 4. Comparison of the general characteristics and laboratory

results of patients with or without sarcopenia

Sarcopenia Sarcopenia P

(+) (n:17) (-) (n:73) value
Age (years) 62.00£6.432 58.90+9.872 0.22
Gender (F/M) 0/17 16/57 0.035
Smoking (quitted /still smoking) 7/10 24/49 0.68
Cigarette (pocket x years) 43.11+11.52 36.16+£15.49 0.04
BMI (kg/m2) 23.62+4.51 24.68+4.53 0.39
GOLD stage (Predicted FEV1%)
1+2 3 48 0.001
3+4 14 25
GOLD stage (Clinical)
A+B 2 45 0.001
C4 1D 15 28
COPD duration (years) 8.76%6.13 4.87+4.49  0.02
FEV1 (%) 44.58+19.40 66.10£19.31 0.001
FVC (%) 58.29+15.75 74.16x18.58 0.001
FEV1/FVC% 58.64+13.52 69.17+8.31 0.001
CAT score (+)/(-) 14/3 18/55 0.001
6MWT (m/sn) 0.62+0.06 0.91+£0.07  0.001
mMRC score 2.76 £1.09 1.72+0.78  0.001
CRP 5.31+1.33 4.83£1.75 0.29
BMI: Body Mass Index, GOLD: Global Strategy for the Diagnosis, Management and
Prevention of Chronic Obstructive Pulmonary Disease, FEV1: Forced expiratory volume
on the first second, FVC: Forced vital capacity, CAT: COPD assessment test, GMWT: 6
Minute Walking test, mMRC: Modified Medical Research Council

Fat mass, muscle mass and grip strength were compared
between the sarcopenia and non-sarcopenia groups, and
as expected, the muscle mass and grip strength were
worse in the sarcopenia group (p: 0.001) (Table 5).

Table 5. Comparison of fat mass, muscle mass and grip strength
between sarcopenia and non-sarcopenia groups

Sarcopenia Sarcopenia(-) P

(+) (n:17) (n:73) value
Fat mass (%) 21.48+7.84 22.14+10.60 0.77
Muscle mass (%) 31.44+1.44 33.73£5.11 0.001
Grip strength (kg) 28.52+3.44 31.58+7.52  0.001
Nesfatin-1 (ng/ml) 25.46+16.97 19.789+14.74 0.21
Ghrelin (ng/ml) 3.15+2.43 2.74+2.52 0.66
Nesfatin-1/Ghrelin ratio 9.68+3.44 8.63+3.27 0.26

DISCUSSION

In this study, we analyzed the association of circulating
nesfatin-1 and ghrelin levels with muscle loss, muscle
strength, and sarcopenia in COPD patients and we
determined that; 1) Fat mass (%) was significantly lower
in patients with severe COPD than patients with mild
to moderate COPD. Although the muscle mass did not
change significantly in the severe COPD group, physical
performance was significantly lower with low fat mass; 2)
In correlation analysis, fat mass was positively correlated
with BMI and negatively correlated with mMRC score;
muscle mass correlated negatively with BMI; handgrip
strength was positively correlated with 6MWT, nesfatin-1
and ghrelin levels, but negatively correlated with CAT and
mMRC scores; 3) Total cigarette pack/year smoking and
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COPD duration were significantly higher in sarcopenia
patients; FEV1 (%), FVC (%) and FEV1/FVC (%), CAT
score, G(MWT and mMRC score were worse than patients
without sarcopenia; 4) When patients were compared
for the presence of sarcopenia or COPD, the ratio of
nesfatin-1, ghrelin and nesfatin-1/ghrelin did not differ
significantly.

When the mild and severe patient groups with COPD
were compared, fat mass was decreased, muscle mass
was preserved and BMI was not changed in severe
COPD patients. Our patients are outpatients, and
their mobility may explain the relative protection of
muscle masses while decreasing fat masses. In a study
evaluating nesfatin-1 levels in patients with cystic
fibrosis (12), high nesfatin-1 levels with low fat mass
were detected in patients with severe cystic fibrosis. In
our study, there was no significant change in nesfatin-1
values with decreased fat mass in severe COPD patients.
Circulating ghrelin levels are generally positively
proportional to weight loss and fat mass reduction (9),
but we did not observe a change in ghrelin levels in
patients with severe COPD, with a decrease in fat mass.
While the effect of adipokines nesfatin-1 and ghrelin
on fat tissue was expected, no significant changes were
observed in nesfatin-1 and ghrelin levels, although fat
mass decreased in severe COPD patients. With the
introduction of different mechanisms in COPD, the
process may be altered differently in changes in body
composition.

Studies on the relationship between fat mass and COPD
are limited. Both being overweight or obese, have been
shown to increase the severity of symptoms in patients
with COPD (13). However, in a recent study, in contrast to
previous findings, the mortality of overweight and obese
patients with COPD was shown to be low (14). Existing
studies have been performed mainly with overweight
and obese COPD patients. In general, there are only a
small number of studies investigating patients with
COPD having normal or lower BMI. In a retrospective
cohort study (15) investigating the exacerbation risk of
COPD patients with a predominantly normal and low
BMI, fat mass showed a significant protective effect
for acute exacerbation of COPD. In our study, fat mass
was decreased, muscle mass was preserved in patients
with severe COPD with similar BMI, but a decrease
in physical performance was observed. In spite of the
possible negative effects of fat mass, especially in obese
COPD patients, the protective effect of fat mass in COPD
patients with normal BMI was quite significant.

In the study of Yamamoto et al (16), it was found that
TNF-a (tumor necrosis factor-alpha) levels increased in
stable COPD cases and there was a negative correlation
between fat mass and TNF-a. Fat mass may play a



] Health Sci Med 2021; 4(4): 402-407

Dagdemir {lkhan et al. Sarcopenia and nesfatin-1, ghrelin levels in patients with COPD

protective role in COPD. TNF-qa, a good indicator of
inflammation, is inversely proportional to fat mass.
In our study, this finding supports the decrease in
physical performance in patients with severe COPD
with decreasing fat tissue and increasing the severity of
inflammation.

There is significant interest in understanding the
mechanisms underlying low muscle mass in patients with
COPD. Systemic inflammation, oxidative stress, hypoxia,
and hypercapnia are the main mechanisms suggested
in sarcopenia (2). Poberezhets et al (17) examined 98
male COPD patients with a mean age of 60.4+11.2 years
and reported that, increase in the frequency of COPD
exacerbations was associated with the decrease in the
6-minute walk test distance and with the rise of sarcopenia.
Graumam et al (18) reported that, with an increase in
disease severity, there was a decrease in skeletal mass
index and increase in the rate of low lean mass in COPD
patients. In a cross-sectional study of 240,562 Korean
adults without known lung disease, decreased skeletal
muscle mass index was determined to be independently
associated with a decrease in lung function in actually
healthy adults (19). In this study, we also determined
worse FEV1, FVC and FEV1/FVC results in patients with
sarcopenia. Moreover, with an increase in COPD severity,
fat mass was decreasing and the number of patients with
low muscle mass was increasing.

Another important finding of this study was the
correlation of handgrip strength with 6 MW, Nesfatin-1
and Ghrelin levels, and inverse correlation with CAT
score positivity and mMRC score. Similar with our
results Kyomoto et al (20) reported that carbon monoxide
diffusing capacity of the lungs and handgrip strength
were strongly correlated with 6MWT in their study on
133 patients with COPD. In previous literature, decreased
ghrelin levels were associated with the nutritional status
of the COPD patients and ghrelin has been suggested for
the treatment of COPD patients (21-23). However, we
did not determine any significant difference regarding
ghrelin levels between COPD patients with or without
sarcopenia or any alteration in ghrelin levels with an
advance in COPD.

In previous literature, the data analyzing the association
of COPD with sarcopenia is limited. The prevalence of
sarcopenia in patients with COPD was reported between
15% and 25% (24). In 622 outpatients with stable
COPD, Jones et al reported the Prevalence of sarcopenia
as 14.5% (25). The prevalence of cachexia, which was
defined as unintentional weight loss >5% and low fat-
free mass index, was reported as 4.6% in 1755 outpatients
with stable COPD (26). In our study the prevalence of
sarcopenia was 18.8 %, which was compatible with the
literature.

Another finding of the study was that in patients with
sarcopenia, CAT score, GSMWT and mMRC score were
all worse compared with the patients without sarcopenia.
Pothirat et al (27) reported a significant correlation
between fat-free mass index and mMRC, FEV,, and
CAT score in 121 patients with stable COPD. In that
study, the rate of sarcopenia/ muscular atrophy was 9.9,
and the rate of cachexia was as high as 35.5%.Similar
with our results, Gologanu et al (28) reported that the
sarcopenic COPD patients were having the lowest mean
6MWT and the higher CAT mean scores. In a cross-
sectional study, Serra pratt et al (29) investigated the
association of plasma ghrelin levels and sarcopenia in
elderly people and reported significantly lower ghrelin
levels in elderly patients with sarcopenia but this
difference disappeared when stratified for gender. We
did not determine any significant difference regarding
ghrelin or nesfatin-1 levels between sarcopenic and
non-sarcopenic COPD patients or with an advance in
disease severity. In a recent meta-analysis, circulating
level of ghrelin was reported to be significantly elevated
in patients with COPD, especially in those underweight
(30).

There are some limitations that should be mentioned.
First is the low number of patients and secondly, follow-
up data was not analyzed in this study.

CONCLUSION

In conclusion, while the effect of nesfatin-1 and ghrelin
on fat mass was expected in COPD patients, there was
no significant change in nesfatin-1 and ghrelin levels in
patients with severe COPD although there was a decrease
in fat mass. The decrease in fat mass in severe COPD,
decreased physical performance even though muscle
mass did not change. Fat mass in patients with severe
COPD with normal and low BMI, may play a protective
role in the course of the disease. Muscle strength was
positively correlated with nesfatin-1 and ghrelin levels,
but negatively correlated with mMRC and CAT scores.
Approximately 19% of COPD patients had sarcopenia.
When the patients were compared for the presence of
sarcopenia or COPD; nesfatin-1, ghrelin and nesfatin-1/
ghrelin ratio did not differ significantly. Larger studies
with longer follow-up periods are needed to determine
the exact role of nesfatin-1 or ghrelin levels in COPD
patients and to guide their role in treatment..
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