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Abstract

Background: Metabolic syndrome (MetS) is frequent in patients with chronic obstructive pulmonary disease (COPD).
Systemic inflammation plays an important role in both COPD and MetS. The aim of this study was to assess the fre-
quency of MetS in COPD patients and to evaluate the status of systemic inflammation in COPD patients with MetS and
those without MetS.

Methods: This cross-sectional study included 98 consecutive stable COPD patients. The MetS was defined using the
criteria of the International Diabetes Federation. Components of MetS and markers of systemic inflammation: C-reactive
protein (CRP), fibrinogen, and leukocyte count were measured. All patients underwent spirometry. The staging of COPD
was made according to the Global initiative for chronic obstructive lung disease (GOLD) criteria.

Results: MetS was present in 37.8 % COPD patients. The frequencies of MetS in patients with GOLD stages I, II, III,
and IV were 33.3 %, 48.8 %, 31.6 %, and 23.1 %, respectively. MetS frequencies were not significantly different be-
tween GOLD stages. The multivariate logistic regression analysis revealed leukocyte count and CRP level as significant
independent predictors of the presence of Mets in COPD patients (OR =1.321, 95%CI: 1.007-1.628, p =0.009 and OR
=1.184, 95%CI: 1.020-1.376, p =0.027 respectively).

Conclusions: This study shows that MetS is frequent in patients with COPD. Systemic inflammatory markers are higher
in COPD patients with MetS than in patients without MetS. These findings suggest that physicians should screen COPD
patients for associated MetS and elevated circulatory inflammatory markers. Management of these disorders should

reduce the risk of cardiovascular morbidity and mortality in these patients. Hippokratia 2016, 20(2):110-114

Keywords: Chronic obstructive pulmonary disease, metabolic syndrome, inflammatory markers

Corresponding author: Tatjana Vujic, MD, Clinic for Pulmology, Clinical Centre of Serbia, Koste Todorovica 26, 11000 Belgrade, Serbia,

tel: +381113663491, e-mail: tvujic@vektor.net

Introduction

Chronic obstructive pulmonary disease (COPD) is
a complex and progressive disease and one of the main
causes of morbidity and mortality worldwide. COPD is
characterized not only by airway inflammation but also
by systemic inflammation. The precise relationship be-
tween these two inflammatory processes is still unknown.
Systemic inflammation is responsible for a significant
amount of comorbidity in COPD patients'. Fabbri et al
considered COPD as a part of the chronic systemic in-
flammatory syndrome*.

Metabolic syndrome (MetS) is a complex of inter-
related medical disorders that increase the risk of de-
veloping an atherosclerotic cardiovascular disease and
type 2 diabetes. These risk factors are abdominal obesity,
elevated blood glucose, hypertension and dyslipidemia
[elevated triglycerides and low levels of high-density li-
poprotein (HDL) cholesterol]’.

The prevalence of MetS in COPD patients varies
from 21 % to more than 50 %. Previously conducted
studies reported that MetS is 1.3-1.5 times more preva-
lent in COPD patients than in people with normal lung
function. Obesity, physical inactivity, cigarette smoking,
corticosteroid use, as well as inflammation, oxidative
stress, and hypoxia, are mechanisms responsible for the
development of MetS in COPD patients®*.

It is well-known that systemic inflammation plays a
key role in both COPD and MetS°. Coexistence of COPD
and MetS intensifies systemic inflammation. Various
studies showed that systemic inflammation is more se-
vere in COPD patients with MetS than in those without
MetS7’10'”.

Increased circulating cytokines, chemokines, and
acute-phase proteins as well as abnormalities in circulat-
ing cells represent the evidence of systemic inflammation
in patients with COPD'>!*, Multiple studies have demon-
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strated that there is a relationship between systemic in-
flammation and metabolic derangements in patients with
COPD?*™, The circulating inflammatory markers which
are increasingly evaluated in COPD patients are C-reac-
tive protein (CRP), fibrinogen, and leukocytes'.

It is important to emphasize that both MetS and COPD

increase the risk of cardiovascular morbidity and mortal-
ity. Low-grade inflammation, a hallmark of COPD and
MetS, is included in all phases of atherosclerosis!®'.
The aim of this study was to investigate the frequency of
MetS in patients with COPD and to assess the status of
systemic inflammation in COPD patients with MetS and
those without MetS.

Material and methods

This cross-sectional study included 98 consecutive
COPD patients admitted to the outpatient ward, at the
Clinic for Pulmonology, of the Clinical Centre of Ser-
bia, Belgrade, during the period March-December 2015.
The study was approved by the Ethical Committee of the
Medical Faculty of the University of Belgrade (number:
29/V-20, 20/05/2015) and all participants signed an in-
formed consent. The diagnosis of COPD and classifi-
cation of patients were made according to the Global
initiative for chronic obstructive lung disease (GOLD)
criteria®®. Inclusion criteria were a diagnosis of COPD,
stable state of disease (no exacerbations and no medica-
tion change in the preceding six weeks), while exclusion
criteria were considered the presence of an inflammatory
comorbidity (e.g. theumatologic diseases, vasculitis, in-
flammatory bowel disease), acute infections (all acute
infections e.g. infections of the respiratory, urogenital,
gastrointestinal tract and skin, within six weeks before
enrolement to the study), respiratory diseases other than
COPD, and steroid treatment.

We recorded for each study participant the demo-
graphic characteristics, medical history, smoking status
(current smokers, former smokers defined as those who
had stopped smoking >1 year, non-smokers) and the
number of pack-years (years of smoking x number of dai-
ly smoked cigarettes / 20). We measured blood pressure,
weight, height, and waist circumference. Venous blood
samples were obtained for analysis of glucose, triglyc-
eride, cholesterol [total, HDL, low-density lipoprotein
(LDL)], CRP, fibrinogen, and leukocyte count. Patients
also underwent pulmonary function tests.

The MetS was assessed according to criteria of the
International Diabetes Federation (IDF): waist circum-
ference >94 cm for Europid men and >80 c¢cm for Europid
women; plus any two of the following four factors: trig-
lyceride levels >1.7 mmol/L, or specific treatment for
this lipid abnormality, HDL cholesterol levels of <1.03
mmol/L in men, and <1.29 mmol/L in women, or specific
treatment for this lipid abnormality; systolic blood pres-
sure >130 mm Hg, or diastolic blood pressure >85 mm
Hg, or treatment of previously diagnosed hypertension;
and fasting plasma glucose level of > 5.6 mmol/L, or
previously diagnosed type 2 diabetes®'.

Anthropometric assessment

The height and weight of the study participants were
measured in light clothes and without shoes, and body
mass index (BMI) was calculated by dividing weight by
height squared (kg/m?). Waist circumference was deter-
mined using a tapeline at the midpoint between the low-
est rib and the iliac crest.

Blood pressure measurements

Blood pressure was measured by a sphygmomanom-
eter (Omron MX3 Plus, Omron, Japan) according to the
American Heart Association recommendations®.

Blood sampling and analyses

A venous blood sample was collected from each pa-
tient after a 12-hour fasting. Glucose level was measured
using the hexokinase/glucose-6-phosphate dehydro-
genase method. Triglyceride and total cholesterol were
determined by enzymatic methods and HDL cholesterol
by the direct homogeneous assay. All the measurements
were performed on the analyzer Beckman Coulter (USA).
LDL cholesterol was calculated using the Friedewald
equation. In order to evaluate the CRP level, the immu-
noturbidimetric method was applied (analyzer Beckman
Coulter, USA). For the analysis of fibrinogen we used
clotting-based test (BCS XP coagulation analyzer, Sie-
mens Healthcare Diagnostics, Germany). The leukocyte
count was measured using hematology analyzer (Beck-
man Coulter LH 750, USA).

Pulmonary function testing

Standard spirometry was performed (spirometer:
Masterscreen Pneumo, Viasys Healthcare, Germany).
Procedures for lung function testing were applied accord-
ing to the European Respiratory Society guidelines®. The
forced vital capacity (FVC), forced expiratory volume
in the first second (FEV ) and FEV /FVC ratio were ob-
tained. The staging of COPD was made using GOLD cri-
teria (spirometric classification of COPD severity based
on post-bronchodilator FEV ) as stage I (mild): FEV /
FVC <0.70; FEV, >80 % predicted; stage II (moderate):
FEV /FVC <0.70; 50% < FEV <80% predicted; stage
III (severe): FEV /FVC <0.70; 30% < FEV, <50% pre-
dicted; stage IV (very severe): FEV /FVC <0.70; FEV,
<30% predicted®.

Statistical analysis

The statistical analysis was performed using the Statis-
tical Package for Social Sciences (SPSS) software for Win-
dows, version 15.0 (SPSS Inc., Chicago, IL, USA). Values
are expressed as the mean [+ standard deviation (SD)]
and as number (percentage, %). Normality of distribution
was assessed using the Kolmogorov- Smirnov test. To as-
sess the difference between groups we used the Student
t-test for variables with normal distribution and the Mann-
Whitney test for variables without normal distribution. A
multivariate logistic regression analysis was conducted to
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identify independent predictors of MetS presence. p values
less than 0.05 were considered significant.

Results

A total number of 98 COPD patients were evaluated.
The mean age of patients was 62.7 £ 7.3 years; males
were 64.3 % of the participants. Of all patients, 44.9 %
were current smokers and 55.1 % were former smokers,
and the mean pack-year index was 52.2 =40.2. The mean
post-bronchodilator FEV (% of predicted) was 38.50 =
14.55. The percentages of patients with GOLD stages I,
1L, I, TV were 6.1, 41.8, 38.8, and 13.3 %, respectively.
The mean COPD duration was 6.1 £ 4.6 years.

MetS was diagnosed in 37 (37.8 %) COPD patients.
The frequencies of MetS in patients with GOLD stages
I, 1L, 111, IV were 33.3 %, 48.8 %, 31.6 %, and 23.1 %,
respectively. MetS frequencies were not significantly dif-
ferent between the GOLD stages. The characteristics of
COPD patients with MetS and COPD patients without
MetS are presented in Table 1.

No significant differences were noticed between the

groups according to age, gender, smoking status, the
intensity of smoking, COPD duration, and FEV . Fast-
ing plasma glucose, triglycerides, total cholesterol, BMI
and waist circumference were significantly higher in
the group with MetS (p <0.001, p <0.001, p =0.007, p
<0.001, and p <0.001, respectively).

The inflammatory profile of patients with COPD
and MetS differs from that of patients with COPD with-
out MetS. Leukocyte count was significantly elevated
in COPD patients with MetS in comparison with those
who did not have MetS (p =0.008). CRP level was also
higher in the group of COPD patients with MetS than in
the group without MetS, but the difference is not signifi-
cant (p =0.105). There were no significant differences be-
tween the groups as regards the fibrinogen level, though
greater values of this inflammatory marker were recorded
in COPD patients with MetS (p =0.722).

The multivariate logistic regression model revealed
leukocyte count and CRP level as significant independ-
ent predictors of the presence of MetS in COPD patients
(Table 2).

Table 1: Characteristics of the 98 consecutive stable chronic obstructive pulmonary disease (COPD) patients with metabolic
syndrome (MetS) and without MetS that were included in this cross-sectional study.

Group

Total COPD COPD+MetS p-value
Variable
Patients, No (%) 98 (100) 61 (62.2) 37 (37.8)
Age (years) 62.73 (7.26) 65.70 (8.84) 63.43 (8.46) 0.213
Males, No (%) 63 (64.3) 42 (68.85) 21 (56.75) 0.226
Current smokers, No (%) 44 (44.89) 28 (45.90) 16 (43.24) 0.798
Pack-year 52.19 (40.22) 54.41 (34.97) 42.84 (25.45) 0.166*
BMI (kg/m?) 24.63 (5.3) 24.88 (5.43) 30.00 (6.13) <0.001
Waist circumference (cm) 93.23 (11.94) 93.90 (13.78) 106.78 (13.97) <0.001
FEV % predicted 38.50 (14.55) 45.77 (18.71) 52.54 (18.38) 0.084
FEV /FVC ratio 42.41 (11.97) 45.41 (10.44) 52.39 (12.12) 0.003
Systolic BP (mm Hg) 125.58 (22.5) 124.89 (19.78) 129.59 (12.49) 0.056*
Diastolic BP (mm Hg) 78.27 (10.29) 77.87 (11.38) 80.54 (7.88) 0.229*
Triglycerides (mmol/L) 1.04 (0.63) 1.09 (0.53) 1.93 (1.59) <0.001%*
Tot. cholesterol (mmol/L) 4.74 (1.39) 4.94 (1.18) 5.69 (1.41) 0.007
HDL cholesterol(mmol/L) 1.42 (0.39) 1.48 (0.40) 1.31 (0.35) 0.030
LDL cholesterol (mmol/L) 2.95 (0.82) 3.02 (0.84) 3.40 (0.96) 0.053
Fasting glucose (mmol/L) 5.18 (1.06) 5.25 (1.74) 6.48 (1.93) <0.001%*
Leukocytes, x10° (L") 9.17 (2.7) 8.28 (2.39) 9.56 (2.07) 0.008
CRP (mg/L) 4.69 (3.50) 4.15 (3.00) 5.60 (4.09) 0.105*
Fibrinogen (g/L) 3.20 (0.82) 3.45 (0.83) 3.52 (0.84) 0.722

Values are given as number (percentage, %) or mean (standard deviation-SD), COPD: chronic obstructive pulmonary disease, MetS: meta-
bolic syndrome, p-value: COPD group versus COPD+MetS group, BMI: body mass index, FEV : forced expiratory volume in one second,
FVC: forced vital capacity, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, CRP: C-reactive protein, *:
Mann-Whitney test for independent samples.

Table 2: Logistic regression model of the presence of metabolic syndrome in chronic obstructive pulmonary disease (COPD) patients.

OR 95%CI p-value
Leukocyte count 1.321 1.007-1.628 0.009
Fibrinogen 0.997 0.540-1.842 0.993
C-reactive protein 1.184 1.020-1.376 0.027

COPD: chronic obstructive pulmonary disease, OR: odds ratio, CI: confidence interval.
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Discussion

The main findings of the current study were the fol-
lowing: more than 37 % of COPD patients had MetS, and
the level of systemic inflammation was higher in COPD
patients with MetS in comparison with COPD patients
without MetS.

The prevalence of MetS in COPD patients is highly
variable between studies. The prevalence depends on the
criteria used to diagnose MetS and the study inclusion
criteria. Also, it depends on the country/ethnicity studied.
In the research carried out in Germany by Wats et al, IDF
criteria were applied and the prevalence was estimated at
47.5 %’. On the other hand, Minas et al performed a study
in Greece, using Adult Treatment Panel III criteria and
excluding patients with diabetes, cardiovascular disease,
and other comorbidities. They found the prevalence of
Mets 21 %?9. Studies conducted in China (Lam et al) and
Japan (Funakoshi et al) revealed that 22.6 % and 23 % of
COPD patients had MetS, respectively**®. In the study
performed by Hosny et al in Egypt, MetS was present in
40 % of COPD patients®. The similar prevalence was re-
ported by Akpinar et al from Turkey and Diez-Manglano
et al from Spain at 44.6 % and 42.9 %, respectively®?’.
Stanciu et al from Romania showed that 48.1 % COPD
patients had associated MetS''. Mekov et al from Bul-
garia found a relatively low prevalence of 25 %?%. In the
research of Breyer et al MetS was detected in 57 % of
COPD patients (relatively higher prevalence in compari-
son with other reports)®.

The frequency of MetS in COPD patients observed
in our study (37.8 %) is notably higher (almost double)
than frequencies in many other studies (e.g. Minas et al°,
Lam et al**, Funakoshi et al**). On the other hand, the fre-
quency in our study is much lower than in Breyer’s.

MetS is less frequent in patients with severe form of
COPD. This is a consequence of weight loss that often
occurs in patients with advanced disease. Various studies
show that the MetS is more common in younger patients
and the earlier stages of COPD (GOLD I-II). It is sug-
gested that these patients may constitute a specific COPD
phenotype which indicates higher risk of diabetes and
cardiovascular diseases and requires a closer follow up®.

The following reports support these observations.
Thus, in the study of Wats et al the frequencies of MetS
in GOLD stages I-IV were 50 %, 53 %, 37 %, and 44
% respectively’. Akpinar et al reported the distribution
of the prevalence of MetS between GOLD stages as fol-
lows: 38.5 %, 52.8 %, 30 %, and 33.3 %°. In the study
of Diez-Manglano all patients were in GOLD II, IIL,IV
stages, and the frequencies of MetS were 51.2 %, 41.2 %,
and 25.5 %, respectively?’. In the Canadian study of Mar-
quis et al the frequency of MetS in patients with COPD
was 47 %, and the frequency decreased to about 10 % at
GOLD stages III and TV, In the study of Alpaydin et al
performed in Turkey, MetS was assessed in 44 % COPD
patients. The autors found significantly different MetS
prevalence in COPD patients in different GOLD stages:
the highest prevalence was observed in stage II (59 %),

and the lowest one in stage IV (4.5 %), thus MetS was
more frequent in the early stages of the disease®'.

Our findings that MetS is more common in GOLD
stages [ and II (33.3 % and 48.8 %, respectively) than in
GOLD stages Il and IV (31.6 % and 23.1 %, respectively)
are in line with the results of previously mentioned stud-
ies. In our study, the frequency of MetS was the highest in
COPD patients in GOLD stage 11, as observed in studies
of Wats, Akpinar, Diez-Manglano and Alpaydin”*-?"3!,

The second main finding of this study is that the level
of systemic inflammation is higher in COPD patients with
MetS in comparison with COPD patients without MetS.
Wats et al showed that in COPD patients coexisting MetS
was associated with increased levels of systemic inflam-
matory markers. COPD patients with MetS had signifi-
cantly higher levels of high-sensitivity CRP (hsCRP) and
interleukin-6 compared with patients without MetS, but
fibrinogen levels did not differ between the groups. Mul-
tivariate linear regression analysis revealed MetS to be an
independent predictor of hsCRP level and interleukin-6,
but not of fibrinogen level’.

Akpinar et al noticed higher CRP levels in COPD pa-
tients with MetS. This observation indicates that the pres-
ence of MetS in COPD patients is associated with more
intensive systemic inflammation®. Stanciu et al revealed
higher levels of serum TNF-alpha and hsCRP, but lower
adiponectin level in COPD patients with MetS than in
those without!'. The research of the Hosny et al detected
statistically significant correlation between serum IL-6
level and the frequency of MetS in the COPD patient
group?. In the study of Yasar et al, carried out in Tur-
key, MetS prevalence in COPD patients was 45 %. The
patients with COPD and MetS had significantly higher
leukocytes and CRP levels than patients with COPD
alone (p <0.001, p <0.001, respectively)®. Our finding of
greater values of CRP, fibrinogen and leukocyte count in
COPD patients with MetS compared with those without
MetS is in line with all above mentioned studies.

The limitations of our study were the small sample
size and its cross-sectional design. These limitations make
it difficult to adequately describe causal relationships of
detected associations. Furthermore, this study was per-
formed in a single center. Further prospective studies are
needed for better understanding of MetS components and
systemic inflammatory profile in patients with COPD.

Conclusion

The present study shows that MetS is frequent in pa-
tients with COPD. Systemic inflammatory markers are
elevated in COPD patients with MetS in comparison with
patients without MetS. Some of the investigated inflam-
matory markers are independent predictors of presence of
the MetS in COPD patients. These findings suggest that
physicians should screen COPD patients for associated
MetS and elevated circulatory inflammatory markers.
Management of these disorders should reduce the risk of
cardiovascular morbidity and mortality in patients with
COPD.
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