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OZET

Stabil KOAH’li hastalarda sistemik inflamasyon ve metabolik sendrom

Giris: Kronik obstriiktif akciger hastaligi (KOAH) sistemik inflamasyonla iliskili gibi gériinen ekstrapulmoner etkilere sa-
hiptir. Genel poptilasyonda sistemik inflamasyonun énemli belirleyicilerinden biri olan metabolik sendromla KOAH arasin-
daki iliski hentiz netlesmemistir. Bu ¢alismanin amact; farkl evrelerdeki stabil KOAH’li hastalarda ve yas, cinsiyet agisin-
dan eslestirilmis kontrol grubunda metabolik sendrom frekkansint ve sistemik inflamasyon belirteci olan C-reaktif protein
(CRP) dlizeylerini degerlendirmekctir.

Hastalar ve Metod: Calismaya 91 stabil KOAH’li hasta ve 42 kontrol birey alindi. KOAH agurligt GOLD (Global Initiative for
Chronic Obstructive Lung Disease) kriterlerine gére belirlendi. Metabolik sendrom tanisinda ATP lll (The National Choleste-
rol Education Program’s Adult Treatment Panel lll) kriterleri kullanildi. Hasta ve kontrol grubunda alinan venéz kan 6rne-
ginde CRP dtizeyleri élctldul.

Bulgular: Metabolik sendrom frekanst hasta grubunda, ézellikle GOLD |, lI'de, kontrol grubundan daha ytiksek bulundu
(p= 0.004). Metabolik sendromun abdominal obezite, hipertansiyon ve hiperglisemi komponentlerinin frekanst hasta
grubunda daha ytiksek bulundu (p< 0.0001). Artmis CRP dtizeyleri kontrol grubunda ve hasta grubun tiim evrelerinde,
metabolik sendrom olanlarda, olmayanlara gére daha ytiksek orandaydt (p= 0.047, p= 0.217, p< 0.001, p= 0.05, p= 0.467).

Sonuc: Bu calisma metabolik sendrom frekansinin stabil KOAH’li hastalarda, kontrol grubundan ve Ttirk poptilasyonun-
dan daha ytiksek oldugunu géstermistir. Abdominal obezite, hipertansiyon ve hiperglisemi hasta grubunda anlamli dere-
cede daha stkti. Sistemik inflamasyon metabolik sendromu olan KOAH’li hastalarda olmayanlara gére daha yogundu.

Anahtar Kelimeler: KOAH, metabolik sendrom.

SUMMARY

Systemic inflammation and metabolic syndrome in stable COPD patients

Evrim Eylem AKPINAR!, Serdar AKPINAR?, Sibel ERTEK3, Esen SAYIN'!, Meral GULHAN!

Yazisma Adresi (Address for Correspondence):

Dr. Evrim Eylem AKPINAR, Ufuk (niversitesi Tip Fakiltesi, Gogus Hastaliklar Anabilim Dali, Konya Yolu, No: 88/86
Balgat, ANKARA - TURKEY

e-mail: drevrimeylem@gmail.com

230



Akpinar EE, Akpinar S, Ertek S, Sayin E, Gulhan M.

1 Department of Chest Diseases, Faculty of Medicine, Ufuk University, Ankara, Turkey,
2 Clinic of Chest Diseases, Ataturk Chest Diseases and Chest Surgery Training and Research Hospital, Ankara, Turkey,
3 Department of Internal Medicine, Faculty of Medicine, Ufuk University, Ankara, Turkey.

Introduction: Chronic obstructive pulmonary disease (COPD) has extrapulmonary effects that seems to be related with
systemic inflammation. The relationship between metabolic syndrome which is an important determinant of systemic inf-
lammation in general population and COPD is still not clear. The aim of the current study was to investigate the frequency
of metabolic syndrome and C-reactive protein (CRP) levels, as a marker of systemic inflammation in stable COPD patients
with different severity levels and in age and sex matched control group.

Patients and Methods: Ninety-one stable COPD patients and 42 control subjects were included in the study. The severity
level in patients with COPD were determined according to GOLD (Global Initiative for Chronic Obstructive Lung Disease)
criteria. ATP lll (The National Cholesterol Education Program’s Adult Treatment Panel lll) was used in diagnosis of metabo-
lic syndrome. Hs-CRP levels were measured in venous samples of patients and control subjects.

Results: The frequency of metabolic syndrome was found higher in patient group than control subjects, especially in GOLD
stages I, Il (p= 0.004). Abdominal obesity, hypertension, hyperglycemia components of metabolic syndrome were signifi-
cantly more prevalent in patient group (p< 0.0001). Increased CRP levels were higher in control and patient groups in all
GOLD stages, with metabolic syndrome than without metabolic syndrome (p= 0.047, p= 0.217, p< 0.001, p= 0.05, p= 0.467).

Conclusion: The study showed that frequency of metabolic syndrome was higher in stable COPD patients than control sub-
Jects and general Turkish population. Abdominal obesity, hypertension and hyperglycemia were significantly more preva-
lent in patient group. Systemic inflammation was more intense in COPD patients with metabolic syndrome than without

metabolic syndrome.

Key Words: COPD, metabolic syndrome.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is the
fourth-leading cause of chronic morbidity and mortality
worldwide. It is characterized by progressive, partially
reversible airflow limitation that is associated with an
abnormal inflammatory response of lungs to noxious
particles or gases, particularly cigarette smoke. Diag-
nosis of COPD can be established by a fixed ratio of
post bronchodilator FEV, and FVC below 0.7 measu-
red by spirometry. Spirometric severity is graded ac-
cording to percentage of FEV, predicted (GOLD stage
I-IV) (1). Cigarette smoking is the major risk factor for
COPD. It causes not only local inflammation on lungs,
but also systemic inflammation that is thought to cont-
ribute to the development of chronic diseases as well as
COPD, like cardiovascular diseases, hypertension and
diabetes (2). There is accumulating evidence that
COPD has many extrapulmonary effects thought to be
related to systemic inflammation. Clinical severity of
the disease is determined not only by spirometry but
also by concomitant comorbidities (3,4). The previous
studies showed that markers of systemic inflammation
like high-sensitivity C-reactive protein (CRP), interle-
ukin (IL)-6 were higher in blood of COPD patients than
the ones without COPD (3,5). Whereas, the serum le-
vels of these inflammatory markers did not correlate
with their level in sputum. These results have caused us

not to hold “the overspill hypothesis” that proposed
systemic inflammation caused by pulmonary inflam-
mation through migration of the local mediators and
have led to the start of the discussion related to syste-
mic nature of inflammation associated with COPD (6).

Metabolic syndrome (MetS) is characterized by a gro-
up of risk factors (abdominal obesity, atherogenic
dyslipidemia, raised blood pressure, insulin resistance)
that increases the development of several diseases
such as coronary artery disease, diabetes mellitus
(7,8). It was first described in 1988 by Reaven, also
known as “syndrome X”. It was defined with the cluste-
ring risk factors for cardiovascular disease by means of
underlying common path physiological findings. MetS
is not a real syndrome. The following ideas were attri-
buted when it was first defined; to start with, one or mo-
re risk factors can play a role in the development of di-
seases simultaneously, like diabetes, obesity, cardi-
ovascular diseases and hypertension. Secondly, diag-
nosis of chronic disorders needs extensive clinical eva-
luation. Thirdly, chronic comorbid disorders should be
treated concurrently and all risk factors should be eli-
minated by modifying life style (e.g. weight loss, regu-
lar physical activity, smoking cessation) (9). The re-
sults of the study including a large number of Chinese
population reported by Lam et al. suggested that both
the presence of airflow obstruction was related to MetS
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and the risk increased with the severity of obstruction
(10).

COPD is one of the diseases in which smoking is the
common and important risk factor when it is associ-
ated with MetS. The association between MetS and
systemic inflammation has been well documented
(11). It has been shown that 50% of patients with
COPD had one or more components of the MetS
(12). High prevalence (61%) of MetS in men with
COPD participating to a pulmonary rehabilitation
program, in contrast to lower prevalence (44%) in
age-matched men without COPD was reported
(13,14). Marquis and colleagues’ proposed that an
increased prevalence of MetS in patients with COPD
may have explained this association (12). Systemic
inflammation plays a key role in both COPD and
MetS but real inflammatory profile of these patients
is still unknown. The aim of this study was to inves-
tigate the prevalence of MetS in COPD patients who
were in different GOLD stages and control subjects.
High sensitive CRP levels were also evaluated in pa-
tient and control groups to define the level of syste-
mic inflammation and its correlation with the presen-
ce of MetS.

PATIENTS and METHODS
Study Design and Subject Characteristics

The study was designed as a prospective case-control
study. Patients with stable COPD (stage I-IV) who were
admitted to outpatient clinic of an University Hospital in
capital city of Turkey (Ufuk University, Ankara) betwe-
en August 2010-September 2011 were included in the
study. The study had the approval of Ethics Committee
of Ufuk University. Informed consents of all patients
and control subjects were taken before they were inc-
luded in the study.

The criteria for exclusion were having an acute exacer-
bation (increase in cough, sputum production, worse-
ning dyspnea, or sputum purulence within three weeks)
(1), having any infectious or inflammatory diseases
such as collagen vascular diseases, inflammatory bo-
wel disease that could cause an increase in CRP levels.

The subjects who were selected for control group were
smokers or non-smokers, age and sex matched with
patient group, with normal spirometry and without any
infectious or inflammatory diseases that could increase
CRP levels.

Diagnosis of COPD

The diagnosis of COPD was made according to GOLD
(Global Initiative for Chronic Obstructive Lung Dise-

ase) criteria (1). Since it was planned to be a prospec-
tive study, collecting patients was started before the re-
port of GOLD 2011, updated version of GOLD consen-
sus in 2008 was used.

Pulmonary Function Testing

Spirometry was made by using VIASYS Healthcare V
max® 20 Pulmonary Spirometry Instrument (Germany,
2009). The staging of COPD was made by using GOLD
criteria: GOLD I (mild): FEVl/FVC < 70% and FEV, >
80%; GOLD II (moderate): FEV/FVC < 70% and FEV,
< 80% and > 50%; GOLD III (severe): FEVl/FVC < 70%
and FEV, < 50% and = 30%; GOLD IV (very severe):
FEV,/FVC < 70% and FEV, < 30% (1).

Blood Sampling and Analyses

A venous blood sample was collected from each sub-
ject after a 12-hour fasting. Blood samples were taken
in stable phase of COPD patients. Plasma glucose,
triglyceride (TG) and high density lipoprotein (HDL)
were measured by using both a Roche COBAS INTEG-
RA® 400 plus analyzer (Germany, 2009) and an enzy-
matic calorimetric assay. High sensitivity-CRP levels
were measured by using a Roche COBAS INTEGRA®
400 plus analyzer (Germany, 2009) by automatic calo-
rimetric assay, CRP levels which were greater than 5
ug/L were accepted as “high” otherwise “low”.

Diagnosis of MetS

Body weight and height were measured and the body
mass index (BMI) was calculated by dividing weight by
height squared (kg/mz). Blood pressure was measured
according to the American Heart Association’s recom-
mendations. Blood pressure measurements were obta-
ined from both arms in the supine position after 15 min
resting period and the highest measurement was used
for analysis (15). Waist circumference was measured
according to the procedures of Airlie Conference (16).
ATP Il (The National Cholesterol Education Program’s
Adult Treatment Panel Ill) was used in diagnosis of
MetS (Table 1) (17). If the participants were using an-
tihypertensive or antidiabetic drugs, they were conside-
red to have had high blood pressure or high fasting glu-
cose.

Statistical Analysis

Statistical analyses were carried out with SPSS for Win-
dows version 15.0 statistical software (SPSS Inc., Chi-
cago, IL, USA). Continuous variables were presented
as mean * standard deviation and categorical variables
as percentages. Chi-square test was used to determine
the associations between categorical variables. Conti-
nuous variables were examined for normality by Shapi-
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Table 1. The National Cholesterol Education Prog-
ram’s Adult Treatment Panel (ATP) il criteria for the
diagnosis of metabolic syndrome*.

Risk factor

Abdominal obesity, given as waist circumference

Male > 102 cm (> 40 in)
Female > 88 cm (> 35 in)
Triglycerides > 150 mg/dL
HDL cholesterol
Male < 40 mg/dL
Female < 50 mg/dL
Blood pressure > 130/ 85 mmHg
Fasting glucose > 110 mg/dL

* Presence of three of the five criteria that is explained above diag-
nosed as metabolic syndrome.
HDL: High density lipoprotein.

ro Wilks test and homogeneity of variances by Levene
test. For normally distributed variables, differences bet-
ween the groups were determined by independent
samples t test. Mann-Whitney U test was used for ab-
normally distributed variables. Significance value was
considered as 0.05.

RESULTS

Ninety-one stable COPD patients and 42 control sub-
jects were included in the study. Demographic proper-
ties and smoking history of patients and control sub-
jects were shown on Table 2.

The distribution of COPD patients according to GOLD
stages (I-IV) were respectively 14.1%, 57.6%, 21.7%
and 6.5%. The prevalence of MetS in patient group was
found much higher than control group (44.6% vs.
17.1%) (p= 0.004). The distribution of the prevalence
of MetS between GOLD stages [-IV were as follows;
38.5%, 52.8%, 30% and 33.3% respectively. The num-

Table 2. Demographic properties and smoking his-
tory of patient and control subjects.

Patient Control P

Gender n (%)

Male 78 (85.7) 35 (83.3) > 0.05

Female 13 (14.3) 7 (16.7)
Total 91 (100) 42 (100)
Age (years) 63.7 £ 8.6 62.8+64 >0.05
Smoking history 20 40 < 0.001
(p-years)

ber of the diagnostic criteria of MetS was found signifi-
cantly higher in patient group (p< 0.0001) (Figure 1).
High sensitive-CRP level increased in 53.8% of COPD
patients. Whereas high CRP levels were found only in
26.2% of control group (p= 0.005). High CRP levels se-
emed to be more prominent in GOLD stage Il patients.
But the difference was not statistically significant (p=
0.146). The distribution of MetS and increased CRP le-
vels between GOLD stages were shown on Table 3. C-
reactive protein levels were higher in both patient and
control groups who had MetS than the ones without
MetS (85.4% vs. 29.4%, 57.1% vs. 17.6%). The diffe-
rence between CRP levels in patients with MetS and
without MetS was highly significant, whereas the diffe-
rence in control group was not statistically noticeable
(p< 0.0001, p= 0.083, respectively).

The parameters of MetS were evaluated one by one in
both patient and control groups. Abdominal obesity,
hypertension, hyperglycemia components of MetS we-
re significantly higher in patient group (p< 0.0001).The
ratios were 52.2% vs. 14.6%, 77.2% vs. 36.6%, 46.7%
vs. 9.8% respectively (p< 0.05 for all). In contrast,
triglyceride and HDL components were higher in cont-
rol group (25% vs. 26.8%, 34.8% vs. 43.9%) but the dif-
ference was not significant (p= 0.491, p= 0.209).

CRP levels were higher in patients who had MetS than
the ones who did not have MetS in all GOLD stages.
Increased CRP levels were also higher in control sub-
jects with MetS than the ones without MetS. The diffe-
rence was significant only in control group and patients
with GOLD stage Il and nearly significant in stage IIl. p
values for control group and GOLD stages [-IV were p=
0.047, p= 0.217, p< 0.001, p= 0.05, p= 0.467 respec-
tively (Figure 2).

100.0 1 I Number of
parameters
| of metabolic
syndrome
80.01
Ho
W1
< 60.01 |2
@
0 4
[
40.0- L1s
20.01
0.0-
Control Patient

Figure 1. Number of parameters of metabolic syndrome in
control and patient group (p< 0.0001).
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Table 3. Metabolic syndrome and C-reactive protein levels according to GOLD stages.

GOLD | GOLD 11 GOLD 11l GOLD IV Total
n (%) 13 (14.1) 53 (57.6) 20 (21.7) 6 (6.5) 92 (100) P
Metabolic syndrome
Present 5(38.5) 28 (52.8) 6 (30) 2 (33.3) 41 (44.6) > 0.05
Absent 8 (61.5) 25 (47.2) 14 (70) 4 (66.7) 51 (55.4)
CRP
High (> 5 pg/L) 4 (30.8) 33 (62.3) 9 (45) 4 (66.7) 50 (54.3) > 0.05
Normal (< 5 pg/L) 9 (69.2) 20 (37.7) 11 (55) 2 (33.3) 42 (45.7)
GOLD: Global Initiative for Chronic Obstructive Lung Disease.
100 -~
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Figure 2. The comparison of the ratios of high (> 5 pg/L) and low (< 5 pg/L) C-reactive protein (CRP) in control and patient
group according to GOLD (Global Initiative for Chronic Obstructive Lung Disease) stages, with metabolic syndrome (MetS) and
without MetS (p= 0.047, p= 0.217, p< 0.001, p= 0.05, p= 0.467).

DISCUSSION

The main findings of the present study were as follows;
prevalence of MetS was found higher in stable COPD
patients, especially in patients with GOLD stage II, than
general Turkish population and age-sex matched cont-
rol group. Serum CRP levels, as a marker of systemic
inflammation, were higher in COPD group than control
group. Additionally, patients with MetS had higher CRP
levels than COPD patients without MetS. When the pa-
rameters of MetS were evaluated one by one; abdomi-
nal obesity, hypertension and hyperglycemia were es-
pecially more prevalent in patient group.

COPD is characterized by chronic airway inflammati-
on, but there is increasing evidence that the disease is

not restricted to the lungs. Smoking is a major risk fac-
tor not only for development of COPD but also many
other chronic diseases. It triggers a local inflammatory
response in lungs and it also causes systemic inflam-
mation that result in comorbidities like cardiovascular
or metabolic disorders (18). It is not clear yet whether
this inflammation spreads from lung to systemic circu-
lation or multiple organ systems including lung are af-
fected due to a systemic inflammatory response
(2,19,20). It was shown that systemic inflammatory
markers such as IL-6, IL-8, TNF-a increased in COPD
patients particularly who were in acute exacerbation
(21,22). The plasma concentrations of CRP, another
inflammatory marker, were found higher in stable
COPD patients and were thought to be related to the
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mortality in mild-to-moderate stages of the disease
(23,24).

Mets is characterized by a group of risk factors (abdo-
minal obesity, atherogenic dyslipidemia, raised blood
pressure, insulin resistance) which are responsible for
development of co morbid diseases like cardiovascular
diseases and diabetes mellitus. The relationship betwe-
en MetS and COPD was investigated before but not yet
clearly understood (9,12). Smoking that is a major risk
factor for COPD causes systemic inflammation besides
lung inflammation. However, high prevalence of MetS
in COPD patients can not be attributed to smoking alo-
ne. Systemic inflammation may play a determinant ro-
le in the relationship between MetS and COPD (2).

Watz et al. investigated the prevalence of MetS in
COPD patients. They reported average frequency of
MetS in this group of patients as 47.5%. Frequencies
according to GOLD stages (I-1V) were as follows 50%,
53%, 37%, 44% (9). Similarly, the prevalence of MetS in
COPD patients was found 44.6% in our study. The dist-
ribution of the prevalence of MetS between GOLD sta-
ges [-IV were as follows; 38.5%, 52.8%, 30% and 33.3%
respectively. The prevalence in patients with GOLD
stage Il was the highest in both studies whereas in our
study, the frequencies in patients who were in other sta-
ges of COPD were lower than the results of the study
that was performed by Watz et al. (9). The lower frequ-
encies of MetS in later stages of COPD may be resulted
from apparent weight loss in these patients. The higher
mortality rates in COPD patients who were associated
with MetS due to concomitant diseases like cardiovas-
cular diseases or diabetes mellitus may also be contri-
buted to lower frequencies in later stages of the dise-
ase. Nevertheless, one third of patients in stage Ill and
IV had MetS.

Stanciu et al. also investigated the prevalence of MetS
in patients with COPD and found that 48.1% of COPD
patients had MetS (25). Our result was also consistent
with the result of Stanciu’s and colleges’ study. Marqu-
is et al. reported high prevalence (61%) of MetS in men
with COPD participating to a cardiopulmonary rehabi-
litation program (12). This high prevalence may be re-
lated to proportion of population included in the study
that contained patients who had cardiovascular dise-
ases. Hence, they might have had high probability of
having MetS.

The prevalence of MetS was reported as 17.9% in a lar-
ge population-based study in Turkey (26). Gemalmaz
et al. found the prevalence as 38.1% in the study inclu-
ding smaller Turkish population (27). Gundogan et al.
showed the prevalence as 34.6% in a Turkish populati-

on from Mediterranean region (28). The prevalence of
MetS in COPD patient group in our study was higher
than general Turkish population (44.6%). Besides, the
prevalence in control group was consistent with the re-
sult of Sanisoglu et al., but lower than the other two stu-
dies (26-28).

When the parameters of MetS were evaluated one by
one, hypertension had the highest frequency in COPD
patients (77.2%). Similarly, Watz et al. showed that
hypertension was highly prevalent in COPD patients
(70%) (10). Whereas, Barr et al. found that frequency
of hypertension in COPD patients was 55% (29). Howe-
ver, they used telephone questionnaire in contrast to
objective measurement of blood pressure to determine
presence of hypertension. This method may be respon-
sible for the lower frequency of hypertension among
COPD patients.

In our study, prevalence of abdominal obesity in COPD
patients (52.2%) was the secondly frequent parameter
of MetS just after hypertension. Visceral adipose tissue
is an important source of IL-6 that induces production
of high sensitivity CRP from hepatocytes (30). The
study by Poulain et al. indicated that the presence of
obesity, especially abdominal obesity, was associated
with increased TNF-a and IL-6, and decreased adipo-
nectin in plasma of patients with COPD (31). In our
study, high sensitivity CRP levels were higher in COPD
patients with MetS and 52.2% of COPD patients having
abdominal obesity. Weight loss may be helpful to dec-
rease the grade of systemic inflammation in COPD pa-
tients.

The third common parameter of MetS in COPD patients
included in our study was hyperglycemia (46.7%). It
was previously shown that there was increased preva-
lence of diabetes in COPD patients (4,32). Gudmunds-
son et al. suggested that mortality rate of patients with
COPD and diabetes was increased during follow-up pa-
tients hospitalized because of exacerbation of COPD
(33). It is not clear yet, whether systemic inflammation
associated with COPD causes metabolic disorders or
metabolic signals trigger inflammatory response (34).

Several markers of systemic inflammation such as hs-
CRP, IL-6 were found higher in stable COPD patients
than control subjects (2,35,36), suggesting low grade
systemic inflammation even during clinical stability.
CRP is one of the most widely used serum marker of
systemic inflammation. Glaser et al. showed that hig-
her levels of CRP were associated with decreased lung
volumes in a general population over a wide range of
age (37). In this study, high sensitivity CRP levels were
also higher in stable COPD patients than control group.
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Moreover, CRP levels were higher in patients with MetS
than the ones without MetS. This result may indicate
that presence of MetS in COPD patients is associated
with more intense systemic inflammation than it is in
patients with COPD but without MetS. Similarly, Watz et
al. also found that presence of MetS in patients with
COPD was associated with significantly higher levels of
hs-CRP (9). CRP levels were not significantly different
between GOLD stages in our study. In contrast, Watz et
al. showed that clinical stage of COPD was an indepen-
dent factor predicting the levels of hs-CRP (9). Stanciu
et al. reported that serum TNF-a and high sensitivity
CRP levels were higher, whereas adiponectin levels we-
re lower in patients with COPD and MetS than patients
with COPD but without MetS (25). Our study also reve-
aled that high sensitivity CRP levels were higher in pa-
tients with COPD and MetS than patients with COPD
but without Mets, which was in accordance with the re-
sults of Stanciu and colleagues’ study.

Smoking status of patient and control groups in this
study was significantly different. This might be a deter-
minant factor for difference in frequencies of MetS bet-
ween two groups. However, considering their ages
matched with COPD patients and normal spirometry,
we selected control subjects randomly. Since smoking
is the major risk factor for COPD, more intense smo-
king history in COPD group than control subjects is an
expected result.

Our study has some limitations. First, the number of
COPD patients included in the study was limited and
patients were selected from only one center, to define
exact prevalence of MetS in patients with COPD. Furt-
her studies that contain patients from many different
centers are necessary. Secondly, a cross-sectional
study was performed to determine the effect of presen-
ce of MetS to the course of COPD. Nevertheless, pros-
pective studies may be more useful.

In conclusion, the results of this study showed that
MetS, a determinant of systemic inflammation in gene-
ral population, was more frequent in stable COPD pati-
ents, especially in early stages (GOLD stage I-). The
frequency of MetS in patient group was also higher
than general Turkish population. The levels of high
sensitivity CRP, as a marker of systemic inflammation,
were higher in both patient and control groups with
MetS than the ones without MetS. When the compo-
nents of MetS were evaluated separately; abdominal
obesity, hypertension and hyperglycemia were signifi-
cantly more in patient group. Further studies are ne-
cessary to clarify existing mechanisms for the relati-
onship between MetS and COPD.
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