
Original article 11
The relationship between metabolic syndrome and chronic
obstructive pulmonary disease
Therese Ghatas
Background Metabolic syndrome is a condition frequently
found among individuals. It predisposes affected individuals
to systemic inflammation and physical inactivity. The aim of
the present study was to investigate the frequency of
metabolic syndrome and C-reactive protein (CRP) levels as
markers of systemic inflammation in stable chronic
obstructive pulmonary disease (COPD) patients with different
severity levels and in an age-matched and sex-matched
control group.

Patients and methods One hundred COPD patients and 50
controls were included in this study. The severity level in
patients with COPD was determined according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
stages I−IV, wemeasured the characteristics of the metabolic
syndrome and systemic inflammation (high-sensitivity C-
reactive protein).

Results The frequency of metabolic syndrome was found to
be higher in the patient group than in control individuals,
especially in GOLD stages I and II. Abdominal obesity,
hypertension, and hyperglycemia components of metabolic
syndrome were significantly more prevalent in the patient
group (P<0.05 for all). Increased CRP levels were higher in
control and patient groups in all GOLD stages, with metabolic
© 2017 Egyptian Journal of Bronchology | Published by Wolters Kluwer - Medknow
syndrome than without metabolic syndrome. P-values for
control group and GOLD stages I–IV were 0.044, 0.483, less
than 0.01, 0.048, and 0.076, respectively.

ConclusionMetabolic syndrome is substantial among stable
COPD patients, especially in the early stages (GOLD stages
I−II). Abdominal obesity, hypertension, and hyperglycemia
were significantly more in COPD patients with metabolic
syndrome. An impaired profile of CRP levels was found in
patients and control groups with metabolic syndrome than in
individuals without metabolic syndrome.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a
common preventable and treatable disease, and is
characterized by persistent airflow limitation that is
usually progressive and associated with an enhanced
chronic inflammatory response in the airways and the
lung to noxious particles or gases. Exacerbations and
comorbidities contribute to the overall severity in
individual patients [1].

Systemic inflammation and physical inactivity have been
identified as relevant extrapulmonary markers of the
severity of COPD, as both conditions are related to
exacerbations, hospitalizations, and mortality in this
patient population [2].

The origin of systemic inflammation in patients with
COPD is unclear [3]. In the general population, physical
inactivity and metabolic syndrome are important
determinants of systemic inflammation [4]. These two
determinants of systemic inflammation have not been
investigated in detail in patientswithCOPDso far.Watz
et al. [5] found higher values of systemic inflammation
associated with reduced physical activity in patients with
COPD; however, the complex relationship of metabolic
syndrome, physical inactivity, and the severity of lung
disease with systemic inflammation in patients with
COPD is unknown. Approximately 40−50% of the
individuals greater than 60 years of age in
industrialized countries meet the criteria for metabolic
syndrome [6].Metabolic syndrome represents a cluster of
risk factors (abdominal obesity, atherogenic dyslipidemia,
hypertension, and insulin resistance) that predispose
affected patients to systemic inflammation [7],
cardiovascular disease [6], and physical inactivity [8].
The frequency of metabolic syndrome and its role in
systemic inflammation and physical inactivity in
patients with COPD is unknown. As hypertension,
diabetes, and/or dyslipidemia can be found frequently
in patients with COPD, the frequency and associated
consequences of metabolic syndrome need further study
in this population [9].
Aim
To investigate the prevalence of metabolic syndrome in
COPD patients with different the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) stages
and control individuals. High-sensitivity C-reactive
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protein (hs-CRP) levels were also evaluated in patient
and control groups to define the level of systemic
inflammation and its correlation with the presence
of metabolic syndrome.
Patients and methods
Study population
The study was designed as a case–control study. The
work was carried out on 100 stable outpatients with
stable COPD with different levels of severity (86 men
and 14 women), who were admitted from the
outpatient clinic of Al-Sahel Teaching Hospital.
The diagnosis of COPD was made according to
GOLD 2013 criteria [1]. The study was approved
by the local ethics committee of general organization
of Teaching Hospital and Institutes (GOTHI).
Written informed consent was obtained from each
participant.

Fifty participants were selected as the control group; age
and sex were matched with the patient group, with
normal spirometry and without any infectious or
inflammatory diseases that could increase C-reactive
protein (CRP) levels. The criteria for exclusion included
patients having an acute exacerbation (an increase in
cough, sputum production, worsening dyspnea, or
sputum purulence within 3 weeks) as per GOLD
2013 [1], any infectious or inflammatory diseases
such as collagen vascular diseases, or inflammatory
bowel disease that could cause an increase inCRP levels.
Table 1 The National Cholesterol Education Program’s Adult
Treatment Panel III criteria for the diagnosis of metabolic
syndromea
Pulmonary function testing
Spirometry was performed using a Pulmonary
Spirometry Instrument (Micro Medical Limited,
Rochester, Kent, UK) by the same technician using
the same spirometer. The staging of COPD was made
using GOLD criteria: GOLD I (mild): forced
expiratory volume in 1 s (FEV1)/forced vital capacity
(FVC)<70% and FEV1≥80%; GOLD II (moderate):
FEV1/FVC<70% and FEV1<80 and ≥50%; GOLD
III (severe): FEV1/FVC<70% and FEV1<50 and
≥30%; GOLD IV (very severe): FEV1/FVC<70%
and FEV1<30% GOLD 2013 [1].
Abdominal obesity, given as the waist circumference

Male >102 cm (>40 inch)

Female >88 cm (>35 inch)

Triglycerides ≥150mg/dl

HDL cholesterol

Male <40mg/dl

Female <50mg/dl

Blood pressure ≥130/≥85 mmHg

Fasting glucose ≥110mg/dl

HDL, high-density lipoprotein. aThe presence of three of the five
criteria explained above was diagnostic for metabolic syndrome.
Blood sampling and analyses
A venous blood sample was collected from each
individual after a 12-h fasting. Blood samples were
taken in the stable phase of COPD patients. Plasma
glucose, triglyceride (TG), and high-density lipoprotein
(HDL) were measured using Hitachi 912 (Hitachi;
Hitachi, Ltd., Tokyo, Japan). hs-CRP levels were
measured using Hitachi 912 (CRP levels >5μg/l were
accepted as ‘high’, and otherwise ‘low’).
The diagnosis of metabolic syndrome
Body weight and height were measured and the BMI
was calculated by dividing the weight by the height
squared (kg/m2). The blood pressure was measured
according to the American Heart Association’s
recommendations. Blood pressure measurements
were obtained from both arms in the supine position
after a 15-min resting period and the highest
measurement was used for analysis [10]. The waist
circumference was measured according to the
procedures of Airlie Conference [11]. The National
Cholesterol Education Program’s Adult Treatment
Panel III (Table 1) was used in the diagnosis of
metabolic syndrome [12]. If the participants were
using antihypertensive or antidiabetic drugs, they
were considered to have had high blood pressure or
high fasting glucose.
Statistical analysis
A review of data and coding was performed; results were
analyzed through the SPSS program software (SPSS;
version 17, SPSS Inc., Chicago, IL, USA). Results
were expressed as mean±1 SD and categorical
variables as percentages. The χ2-test was used to
determine associations between categorical variables.
Continuous variables were examined for normality by
the Shapiro−Wilks test and homogeneity of variances by
the Levene test. For normally distributed variables,
differences between the groups were determined by an
independent samples t-test.TheMann–WhitneyU-test
was used for abnormally distributed variables. P-values
less than 0.05 were considered statistically significant.
Results
This work was carried out on 100 stable COPD patients
with different levels of severity diagnosed and classified
according to theGOLDcriteria (86menand14women),
withameanageof62.6±7.8years andasmokinghistoryof
52.4±22.3 pack-year. Fifty participants (42men and eight
women) (P=0.932) with a mean age of 63.4±8.6 years



Table 3 The distribution of chronic obstructive pulmonary
disease patients according to the Global Initiative for Chronic
Obstructive Lung Disease stages

Stage I 15% of COPD patients

Stage II 58% of COPD patients

Stage III 20% of COPD patients

Stage IV 7% of COPD patients

COPD, chronic obstructive pulmonary disease.

Table 4 The prevalence of metabolic syndrome and high
C-reactive protein levels in patients and controls

COPD (%) Control (%) P-value

Metabolic syndrome 45 18 0.009

High CRP level 54 24 0.004

COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein.

Table 5 The distribution of metabolic syndrome between the
Global Initiative for Chronic Obstructive Lung Disease stages

Stage I 40%

Stage II 53.40%

Stage III 30%

Stage IV 28.50%
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(P=0.623)were selected as the control group (Table 2 and
Fig. 1).

The distribution of COPD patients according to
GOLD criteria was as follows: stage I was presented
in 15%, stage II in 58%, stage III in 20%, and stage IV
in 7% of the patients (Table 3).

The prevalence of metabolic syndrome in the patient
group was found to be much higher than in the
control group (45 vs. 18%) (P=0.009) (Table 4).
The distribution of the prevalence of metabolic
syndrome between GOLD stages was as follows:
stage I in 40%, stage II in 53.4%, stage III in
30%, and stage IV in 28.5% (Table 5).

High CRP levels increased in 54% of the COPD
patients, whereas high CRP levels were found only
in 24% of the control group (P=0.004) (Table 4).

CRP levels were higher in both the patient and the
control groups with metabolic syndrome than in
those without metabolic syndrome (84 vs. 29%, 55
vs. 17%). The difference between CRP levels in
patients with metabolic syndrome and without
metabolic syndrome was highly significant,
whereas the difference in the control group was
not statistically noticeable (P<0.000 and P=0.044,
respectively) (Table 6).

The parameters of metabolic syndrome were evaluated
in both the patient and the control groups. Ratios
were abdominal obesity 51.1 against 22% (P=0.003),
hypertension 70.50 against 46% (P=0.021), hyper-
glycemia 42.60 against 19% (P=0.036); components
Table 2 Demographic properties of patients and control
participants

Patients Controls P-value

Men (n) 86 42 >0.05

Women (n) 14 8

Mean age (years) 62.6±7.8 63.4±8.6 >0.05

Figure 1

The percentage of men and women in the patient and the control
groups.
of metabolic syndrome were significantly higher in the
patient group (P<0.05 for all). In contrast, TG and
HDL components were higher in the control group: the
ratioswereTG24.4 against 33.%andHDL33.3 against
44%,but thedifferencewasnot significant (P=0.732and
0.412) (Table 7).

CRP levels were higher in patients who had metabolic
syndromethan in individualswhodidnothavemetabolic
syndrome in all GOLD stages. Increased CRP levels
were also higher in control participants with metabolic
syndrome than in individuals without metabolic
Table 6 Comparing high C-reactive protein levels in
individuals with metabolic syndrome and those without
metabolic syndrome with regard to chronic obstructive
pulmonary disease and control

High
CRP

With metabolic
syndrome (%)

Without metabolic
syndrome (%)

P-value

COPD 84 29 0

Control 55 17 0.044

COPD, chronic obstructive pulmonary disease; CRP, C-reactive
protein.

Table 7 The parameters of metabolic syndrome in patients
and controls

Patient (%) Control (%) χ2 P-value

Abdominal obesity 51.10 22 8.408 0.003

Hypertension 70.50 46 16.16 0.021

Hyperglycemia 42.60 19 12.43 0.036

Triglyceride 24.40 33 0.777 0.732

HDL 33.30 44 0.673 0.412

HDL, high-density lipoprotein.



Figure 2

The comparison of the ratios of high (>5 μg/l) and low (≤5 μg/l)
C-reactive protein in the control and the patient groups according
to the Global Initiative for Chronic Obstructive Lung Disease stages,
with metabolic syndrome and without metabolic syndrome.

14 Egyptian Journal of Bronchology, Vol. 11 No. 1, January-March 2017
syndrome. The difference was significant only in the
control group and patients with GOLD stage II and
nearly significant in stage III. P-values for the control
group and GOLD stages I–IV were 0.044, 0.483, less
than 0.01, 0.048, and 0.076, respectively (Fig. 2).
Discussion
COPD is characterized by chronic airway inflammation,
but there is increasing evidence that the disease is not
restricted to the lungs. Smoking is a major risk factor
not only for the 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 results in comorbidities suchas cardiovascular
ormetabolic disorders. It is not clear yet as towhether this
inflammation spreads from the lung to the systemic
circulation, or multiple organ systems including the
lung are affected due to a systemic inflammatory
response [13].

The main finding of our study was that a considerable
number of patients with COPD of different severities
have a coexistingmetabolic syndrome; serumCRP levels,
as a marker of systemic inflammation, were higher in the
COPD group than in the control group. In addition,
patients withmetabolic syndrome had higher CRP levels
than COPD patients without metabolic syndrome.
When the parameters of metabolic syndrome were
evaluated one by one, abdominal obesity, hypertension,
and hyperglycemia were more prevalent, especially in the
patient group.

An epidemiologic study from Germany performed by
Moebus et al. [14], using the criteria of International
Diabetes Federation, found the prevalence of meta-
bolic syndrome in individuals between 60 and 65
years of age to be 55% in men and 45% in women.
This is in agreement with this study, where the
prevalence of metabolic syndrome was 45% in all
COPD patients. Furthermore, these frequencies are
in line with epidemiologic data from the Third
National Health and Nutrition Examination
Survey in the USA [6].

Markers of systemic inflammation have consistently been
found to be elevated in stable patients with COPD [15].
Severalpotentially relevantmechanisms, suchas smoking,
hypoxia, genetics, local inflammation spilling over to the
systemic compartment, and exacerbations, are currently
thought to play a role in the presence of systemic
inflammation in patients with COPD [16]. Airway
obstruction failed to show substantial associations with
systemic inflammation inpreviousstudies [17]onpatients
with COPD.

Several markers of systemic inflammation such as hs-
CRP and interleukin 6 (IL-6) were found to be higher
in stable COPD patients than in control participants,
suggesting low-grade systemic inflammation even
during clinical stability. CRP, one of the most
widely used serum markers of systemic inflammation
[18], showed that higher levels of CRP were associated
with decreased lung volumes in a general population
over a wide range of age. In this study, hs-CRP levels
were also higher in stable COPD patients than in the
control group [18].

Moreover, CRP levels were higher in patients with
metabolic syndrome than in individuals without
metabolic syndrome. This result may indicate that
the presence of metabolic syndrome in COPD
patients is associated with more intense systemic
inflammation than it is in patients with COPD, but
without metabolic syndrome. Similarly, Watz et al. [5]
also found that the presence of metabolic syndrome in
patients with COPD was associated with significantly
higher levels of hs-CRP. CRP levels were not
significantly different between GOLD stages in our
study. In contrast, Watz et al. [5] showed that the
clinical stage of COPD was an independent factor
predicting the levels of hs-CRP. Our study also
revealed hs-CRP levels that were higher in patients
with COPD and metabolic syndrome than in patients
with COPD without metabolic syndrome.

The presence of metabolic syndrome was associated
with higher levels of hs-CRP and IL-6. Adipocytes of
the visceral adipose tissue have been identified as an
important source of IL-6. IL-6 induces the synthesis of
hs-CRP by hepatocytes [19]. In epidemiologic studies
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[20], adiposity as a prerequisite for metabolic syndrome
has consistently been found to be an important
predictor of systemic inflammatory markers. A
recent study performed by Poulain et al. [21]
revealed systemic inflammation to be higher in 16
obese patients with moderate COPD compared with
12 patients of normal weight with severe COPD. In
the past 2 years, it has been suggested that the term
chronic systemic inflammatory syndrome, consisting of
the components age greater than 40 years, smoking for
greater than 10 pack-years, symptoms and abnormal
lung function compatible with COPD, chronic heart
failure, metabolic syndrome, and increased CRP, be
added to the diagnosis of COPD [22].
Conclusion
We found that the presence of metabolic syndrome is
substantial among stable COPD patients, especially in
early stages (GOLDstages I−II).When the components
of metabolic syndrome were evaluated separately,
abdominal obesity, hypertension, and hyperglycemia
were significantly more in the patient group, and the
presence of this coexisting conditionwas associatedwith
an impaired profile of CRP levels in these patients and
control groups with metabolic syndrome than in those
without metabolic syndrome.
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