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Introduction  Chronic obstructive pulmonary 
disease (COPD) is one of the most frequent chron‑
ic lung diseases worldwide. In Poland, at least 
10% of the subjects above 40 years of age are di‑
agnosed with COPD.1

The disease is characterized by progressive 
restriction of air flow through the respiratory 
tract, which is associated with the pathology 
of the small airways and damage to the pulmo‑
nary interstitium (emphysema), varying in se‑
verity, which leads to impairment of systemic 
gas exchange. The process of interstitial damage 
typically follows an inflammatory reaction that 

is associated with the pathological response of 
the respiratory tract to harmful dusts and sub‑
stances that patients are exposed to during their 
life.2,3 The changes affect primarily the terminal 
portions of the airways and the pulmonary blood 
vessels. They present as a characteristic inflam‑
matory condition with increased counts of neu‑
trophils in the airway lumen, macrophages in 
the lumen and airway walls as well as in the pul‑
monary parenchyma, and CD8+ T lymphocytes 
in the airway lumen and pulmonary parenchy‑
ma (the count of CD4+ T lymphocytes is also in‑
creased, but to a lower extent than that of CD8+; 
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Abstract

Introduction  Chronic obstructive pulmonary disease (COPD) is the most common chronic lung dis‑
ease in the world. The increasing severity of inflammatory processes in the respiratory tract leads to 
exacerbation of COPD. This process may be associated with changes in the synthesis of adipokines, the 
peptides that participate in immune processes.
Objectives  The aim of this study was to identify more sensitive and specific laboratory markers useful 
in diagnosing inflammatory processes in patients with COPD.
Patients and methods  The study involved 33 patients with COPD without exacerbation. During the pre‑
vious year, 1 episode of exacerbation was reported in 15 patients and no exacerbations were reported in 
the remaining 18 patients. Serum concentrations of adipokines were measured using an enzyme‑linked 
immunosorbent assay (ELISA).
Results  In patients with COPD, we observed a 2‑fold increase in leptin levels compared with healthy 
controls (18.8 ±10.2 ng/ml vs. 9.06 ±4.33 ng/ml; P = 0.042). Mean resistin levels in these patients 
were also 2‑fold higher than those in controls (8.24 ±4.18 ng/ml vs. 3.58 ±1.51 ng/ml, respectively; 
P = 0.027). Significant positive correlations between C‑reactive protein (CRP) and leptin as well as CRP 
and resistin levels were observed in patients with COPD (r = 0.75 and r = 0.83, respectively; P <0.05). 
Moreover, a statistically significant negative correlation between the forced expiratory volume in 1 sec‑
ond (FEV1) and resistin was noted in this group (r = 0.62; P <0.05). There was no correlation between 
FEV1 and leptin levels either in patients with COPD or in healthy controls.
Conclusions  A significant increase in leptin and resistin levels in patients with COPD may suggest 
that these adipokines are involved in the inflammatory process underlying the disease.
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cells. Increasing evidence indicates that resis‑
tin plays an important regulatory role in insulin 
resistance and in a variety of pathological pro‑
cesses including cardiovascular disease, autoim‑
mune disease, malignancy, asthma, or inflamma‑
tory bowel disease. Some proinflammatory mark‑
ers, such as TNF‑α or IL‑6 can regulate resistin 
gene expression.13 Other evidence linking resis‑
tin to inflammation is that plasma resistin lev‑
els were found to be associated with numerous 
inflammatory agents in a number of pathophys‑
iological conditions. According to one study, in‑
dividuals with clinical signs of severe inflamma‑
tion showed significantly higher concentrations 
of resistin compared with healthy individuals.13,14

The aim of the current study was to identify 
more sensitive and specific laboratory markers 
useful in diagnosing inflammatory processes, es‑
pecially in COPD patients with uncertain prog‑
nosis. Therefore, we decided to assess changes 
in the concentrations of adipocytokines, leptin 
and resistin, with the hope that they may become 
new markers useful in the monitoring of COPD.

Patients and methods  Patients  The study 
was conducted in 33 patients with COPD, aged 
from 50 to 87 years (mean, 67 ±11 years), treated 
in the Department of Allergology and Pulmonary 
Diseases at the Medical University of Lodz, Łódź, 
Poland, and later at an outpatient clinic. COPD 
was confirmed based on the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) docu‑
ment of 2010. During the previous year, 1 episode 
of exacerbation was reported in 15 patients and 
no exacerbations were reported in the remaining 
18 patients. Exacerbations in the course of this 
study were excluded in all patients on the basis 
of laboratory tests (blood cell count with smear, 
C‑reactive protein [CRP]) and clinical presenta‑
tion (absence of dyspnea, normal body tempera‑
ture, no green sputum expectoration). Lung tu‑
mors were excluded by radiological modalities 
(X‑ray, computed tomography). All patients were 
ex‑smokers. In the study group, smoking history 
was between 25 and 40 years and the mean num‑
ber of the packs of cigarettes was 25 pack per year.

The control group consisted of 17 age‑matched 
healthy volunteers.

The study protocol was approved by the local 
ethics committee (approval no. RNN/4/12/KE).

Methods  The  analysis of data obtained 
from the  study groups was conducted using 
the STATISTICA v. 10 software (StatSoft, Inc., 
United States). The  characteristics were as‑
sessed using the t test (parametric variables) or 
the Mann‑Whitney test (nonparametric distribu‑
tion). Correlations between variables were evalu‑
ated by the Pearson correlation test. The results 
were considered to be statistically significant 
at a P value of less than 0.05.

Anthropometry  In all patients, body weight and 
height were measured to calculate the body mass 

an increase in the CD8+/CD4+ ratio is observed). 
During exacerbations, increased counts of eosin‑
ophils are also observed in the sputum and air‑
way walls, and in the case of a simultaneous in‑
fection – also of B lymphocytes.4,5

The above inflammatory cells cause direct dam‑
age to the pulmonary tissue. Additionally, they 
produce mediators enhancing the inflammato‑
ry response, increasing the migration of inflam‑
matory cells from the bloodstream and causing 
structural remodeling of the surrounding tis‑
sues. The mediators involved in the pathogene‑
sis of COPD include proinflammatory cytokines 
such as interleukin (IL) 6, tumor necrosis factor‑α 
(TNF‑α), and IL‑17.6

The increasing severity of inflammatory pro‑
cesses in the respiratory tract is associated with 
exacerbation of COPD. This, in turn, is manifested 
by impairment of the patient’s ventilation, which 
triggers the pathway leading to hypercatabolism, 
a condition closely associated with the mecha‑
nism of cachexia, commonly observed in patients 
with COPD exacerbations. The pathologic chang‑
es involve excessive weight loss with the conse‑
quent reduction of the adipose tissue, which is 
one of the most important endocrine systems in 
the human body. It is responsible for the synthe‑
sis of adipokines, the peptides that play an im‑
portant role in systemic metabolism. They dem‑
onstrate a regulatory effect mainly on lipid me‑
tabolism and immune processes.7,8

One of adipokines, discovered recently but rel‑
atively well‑known, is leptin, characterized by 
multidirectional effects both within the central 
nervous system and in the periphery. Leptin syn‑
thesis determines the appropriate expenditure of 
energy, regulates many basic life processes such 
as pubescence and reproductive functions. It is 
also an important factor involved in angiopoie‑
sis, modulation of the production of cytokines 
by T‑helper (Th) lymphocytes, and regulation of 
the cell cycle.9,10 The serum levels of this polypep‑
tide correlate with the systemic adipose tissue 
mass. The involvement of leptin in the regulation 
of the hypothalamus–pituitary–adrenal axis and 
its similarity to the cytokine family may suggest 
the role of that hormone in acute‑phase process‑
es.11 Recent studies have demonstrated possible 
immune effects of leptin, exerted by the stimula‑
tion of immunocompetent cells. It is particular‑
ly significant that the hormone is synthesized by 
the bone marrow stromal cells and that it stimu‑
lates the growth of hematopoietic cells. Leptin can 
also activate the synthesis of proinflammatory 
cytokines, such as IL‑2, interferon‑γ, by Th1 and 
inhibit the synthesis of cytokines such as IL‑4 by 
Th2. Administration of leptin has been demon‑
strated to reduce an immunosuppressive effect 
of this hormone in fasting subjects.12

Resistin is a newly identified class of cysteine‑ 
-ich proteins collectively termed resistin‑like mol‑
ecules. Significant expression of resistin in hu‑
mans is mainly found in mononuclear leuko‑
cytes, macrophages, spleen, and bone marrow 
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Results  Patients with COPD had a  sig‑
nificant 2‑fold increase in leptin levels com‑
pared with healthy controls (18.8 ±10.2 ng/ml  
vs. 9.06 ±4.33 ng/ml, respectively; P = 0.042). 
Of note, no correlations were observed between 
leptin levels and the BMI in patients with COPD 
(r = 0.32; P <0.05). A similar trend was observed 
for resistin: its mean levels in patients with COPD 
were twice higher than those in the control group 
(8.24 ±4.18 ng/ml vs. 3.58 ±1.51 ng/ml, respec‑
tively). No correlation between resistin levels and 
the BMI was noted (r = 0.28; P <0.05). No signif‑
icant differences in the BMI and WHR between 
the 2 groups were observed (TABLE 1).

Considering the above findings, we decided to 
investigate the correlation of leptin and resistin 
with CRP, which is a commonly accepted inflam‑
matory marker. We observed an increase in CRP 
levels in patients with CRP but it was not statis‑
tically significant when compared with the con‑
trol group (6.47 ±5.03 ng/ml vs. 3.40 ±1.99 ng/ml, 
respectively; P = 0.064). Significant positive cor‑
relations between CRP and leptin as well as CRP 
and resistin levels were observed in patients with 
COPD (r = 0.75 and r = 0.83, respectively, P <0.05; 
FIGURES 1 and 2). No such correlation was noted in 
the control group.

We also evaluated correlations between leptin 
and resistin levels and respiratory function pa‑
rameters. No correlations were observed be‑
tween adipokines and oxygen pressure in any of 
the groups. However, a significant negative cor‑
relation between the forced expiratory volume 
in 1 second (FEV1) and resistin levels was noted 
in the group of patients with COPD (r = 0.62; P 
<0.05) (FIGURE 3). The values of FEV1 in the study 
groups are presented in TABLE 2. FEV1 values did 
not correlate with leptin levels either in patients 
with COPD or in controls.

Discussion  The aim of our study was to assess 
whether adipokines, leptin and resistin, can be 
useful as markers of the inflammatory process in 

index (BMI), and waist and hip circumference to 
calculate the waist‑to‑hip ratio (WHR).

Gasometry  Gasometry was performed in the ar‑
terial blood. Patients were prepared according 
to the required standards, and the test was per‑
formed using a Corning 348 blood gas analyzer 
(Ciba Corning, United States).

Biochemical investigations  Serum CRP levels 
were measured using a turbidimetric method 
(OLYMPUS AU 400 biochemical analyzer, Olym‑
pus, United States). Leptin and resistin levels 
were measured by an enzyme‑linked immunosor‑
bent assay (Quantikine Human Leptin and Quan‑
tikine Human Resistin kits, R&D, United States).

Spirometry  Spirometry was performed in clini‑
cally stable patients without the signs of infec‑
tion using LUNGTEST 1000 spirometer. If long‑ 

-acting β‑agonists were administered, they were 
withdrawn 12 hours before the test, while if 
short‑acting β2‑agonists were administered they 
were withdrawn 6 hours before the test. Spirom‑
etry was performed after a minimum 15‑min‑
ute rest.

Table 1  Anthropometric parameters in the study groups

Parameter COPD patients 
n = 33

Controls 
n = 17

women, n (%) 13 (39) 8 (47)

men, n (%) 20 (61) 9 (53)

age, y 67 ±11 65 ±14

age, women, y 65 ±10 62 ±13

age, men, y 69 ±9 68 ±15

weight, kg 75.2 ±22.5 81.2 ±14.6

BMI, kg/m2 26.8 ±6.90 24.18 ±4.58

WHR 0.92 ±0.09 0.94 ±0.07

Abbreviations: BMI – body mass index, COPD – chronic obstructive pulmonary disease, 
WHR – waist‑to‑hip ratio
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However, it should be emphasized that our 
study investigated a  full‑blown inflammato‑
ry process as one of only few papers address‑
ing the changes in leptin and resistin levels in 
COPD.18,19 Poulain et al.20 also observed elevat‑
ed leptin concentrations in patients with COPD; 
however, in contrast to our results, these chang‑
es demonstrated a  positive correlation with 
the BMI. Different results were reported by Yang 
et al.,21 who observed significantly lower leptin 
levels in patients with COPD than in control sub‑
jects, especially in the subgroup of patients with 
cachexia. Of note, our patients showed no signs 
of cachexia and had similar BMI values to those 
in controls. This is important because the chang‑
es of leptin and resistin levels are dependent on 
the adipose tissue. As a result, the process of ca‑
chexia may be associated with the decreased lev‑
els of adipokines.

Similarly to leptin, we obtained different re‑
sults for resistin compared with the data pre‑
sented in the literature. In particular, decreased 
resistin levels were associated with decreased 
BMI.20,21 In contrast, Breyer et al.22 observed no 
changes in leptin and resistin levels in patients 
with COPD and the obtained values were compa‑
rable to those in the control group.22

The role of leptin and resistin as inflammatory 
markers can be confirmed by a positive correla‑
tion with CRP, which was also shown in the study 
of COPD patients by van de Borst et al.23 In addi‑
tion, a positive correlation between resistin levels 
and FEV1, which coincides with a positive corre‑
lation between resistin levels and CRP, may indi‑
cate the association between resistin levels and 
the severity of COPD.

In conclusion, a significant increase in leptin 
and resistin levels observed in patients with 
COPD may suggest that these adipokines are in‑
volved in the inflammatory process underlying 
the disease.
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Streszczenie

Wprowadzenie  Przewlekła obturacyjna choroba płuc (POChP) jest najczęstszą przewlekłą chorobą 
płuc na świecie. Nasilenie procesów zapalnych w obrębie dróg oddechowych prowadzi do zaostrzenia 
POChp. Proces ten może być związany ze zmianami syntezy adipohormonów, które odgrywają ważną 
rolę w procesach odpornościowych.
Cele  Celem prowadzonych badań jest znalezienie bardziej czułych i specyficznych swoistych markerów 
laboratoryjnych pozwalających ocenić nasilenie procesów zapalnych u pacjentów chorych na POChP.
Pacjenci i metody  Badania przeprowadzono w grupie 33 chorych na POChP, bez cech zaostrzenia choroby. 
15 chorych miało 1 incydent zaostrzenia choroby w ciągu ostatniego roku, natomiast u pozostałych 18 
pacjentów nie zaobserwowano zaostrzeń w tym czasie. Stężenie adipohormonów w surowicy oceniane 
było z wykorzystaniem metody kanapkowej ELISA.
Wyniki  U chorych na POChP zaobserwowano dwukrotny wzrost stężenia leptyny w porównaniu z grupą 
kontrolną (18,8 ± 10,2 vs 9,06 ±4,33 ng/ml; p = 0,042). Średnie stężenie rezystyny u tych chorych 
było dwukrotnie wyższe niż stężenie w grupie kontrolnej (8,24 ± 4,18 ng/ml vs 3,58 ± 1,51ng/ml, od‑
powiednio; p = 0,027). Stwierdzono statystycznie znamienną dodatnią korelację pomiędzy stężeniami 
białka C‑reaktywnego (C‑reactive protein – CRP) i leptyny jak również CRP i rezystyny w grupie chorych 
na POChP (r = 0,75 oraz r = 0,83, p <0,05; odpowiednio). Ponadto stwierdzono ujemną korelację w tej 
grupie między wartością nasilonej 1‑sekundowej objętości wydechowej (forced expiratory volume in 
1 second – FEV1) i rezystyną (r = 0,62; p <0,05). Nie stwierdzono korelacji między wartościami FEV1 
i stężeniami leptyny zarówno w grupie chorych jak i w grupie kontrolnej.
Wnioski  Znaczny wzrost stężenia leptyny i rezystyny obserwowany u pacjentów z POChP może suge‑
rować rolę tych adipohormonów w procesie zapalnym leżącym u podłoża tej choroby.
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