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ABSTRACT
Background. Overweight and obesity are defined as abnormal or excessive fat accumulation that may impair health. 
Obesity is associated with many chronic diseases, including cardiovascular disease and diabetes, and recently the role of 
overweight and obesity in lung disease has received new interest. Chronic obstructive lung disease is the third-leading 
cause of death globally, and both obesity and diet appear to play roles in its pathophysiology. Cross-sectional studies 
have demonstrated an inverse association between obesity and the prevalence of chronic obstructive pulmonary disease 
(COPD). 
Objective. This study aims to evaluate the relationship between smoking, lipid profile and obesity (body composition 
changes) in a selected groups of population (30 non-smokers, 30 smokers and 60 COPD patients). 
Material and Methods. We evaluated fat mass, fat free mass, body mass index and lipid profile in a group of 120 randomly 
selected probands (60 COPD patients; 30 smokers without COPD; 30 non-smokers without COPD) to identify possible 
negative relationships of smoking to body composition. To the measurement of fat mass (FM) and fat free mass (FFM) 
was used a device Bodystat Quadscan 4000 (Bodystat Ltd, British Isles). The device works by using four-frequency 
bioelectrical impedance analysis. Laboratory parameters as total cholesterol (T-C), high-density cholesterol (HDL-C), 
low-density cholesterol (LDL-C) and triacylglycerols (TG) were investigated by automated clinical chemistry analyzer 
LISA 200th. The measured values were statistically processed and evaluated in a statistical program STATISTICA Cz. 
Version 7.1. (Kruskall-Wallis test).
Results. A comparison of the mean fat mass we found statistically highly significant differences between the group of 
COPD patients and non-smokers (P <0.001) and insignificant differences (P ≥ 0.05) between the other groups of our 
experiment. A comparison of the mean fat mass values of all three groups of the experiment shows a steady increase in 
fat from non-smokers (17.66 ± 10.04 kg) to COPD patients with the highest mean value (25.08 ± 10.14 kg). In the group 
of COPD patients we recorded the lowest average value of FFM (51.76 ± 13.84 kg), in group of smokers the middle (56.06 
± 10.76 kg) and in non-smokers the highest average value of FFM (59.91 ± 9.90 kg) at relatively the same body weight 
in the groups. Based on calculated body mass index (BMI), we found in group of COPD patients overweight in 15 cases 
(25%), obesity in 7 patients (11.67%), severe obesity in 14 patients (23.3%) and morbid obesity in 2 patients (3.33%); in 
the group of smokers overweight in 16 cases (53.33%), obesity in 5 cases (16.6%) and severe obesity in 1 case (3.33%); 
in non-smokers we recording overweight in 14 cases (46.67%), obesity in 5 cases (16.67%) and severe obesity in 2 cases 
(6.67%). In the lipid profile of the monitored groups of probands, we observed statistically significant differences only for 
LDL cholesterol (LDL-C). There was a statistically significant difference (P <0.001) between the group with COPD and 
smokers, as well as between the group of smokers and non-smokers (P < 0.05). 
Conclusions. In the vast majority of patients with COPD, the lung damage that leads to COPD is caused by long-term 
cigarette smoking. The presence and absence of risk factors such as smoking, inappropriate lipid profile and obesity 
(amount of fat mass) in selected population groups were  observed. Additional  studies to explore both the quantitative 
and qualitative changes in body composition with disease process of COPD are required.
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INTRODUCTION

Overweight and obesity are defined as abnormal or 
excessive fat accumulation that may impair health. In 
2016, more than 1.9 billion adults, 18 years and older, 
were overweight. Of these over 650 million were 
obese. The worldwide prevalence of obesity nearly 
tripled between 1975 and 2016 [31]. The proportion 
of obesity among the adult Slovak population was in 
2016 for both men and women 25.4 % [30]. The global 
increase in the prevalence and incidence of obesity has 
called serious attention to this issue as a major public 
health concern. Obesity is associated with many 
chronic diseases, including cardiovascular disease 
and diabetes, and recently the role of overweight and 
obesity in lung disease has received new interest [15].

Chronic obstructive pulmonary disease (COPD) 
is another condition that is associated with severe 
morbidity and mortality globally [8, 21, 22, 24]. 
Chronic obstructive lung disease is the third-leading 
cause of death globally, and both obesity and diet 
appear to play roles in its pathophysiology [13, 15]. 
COPD is characterized by airflow obstruction, and 
is the umbrella term for two conditions: chronic 
bronchitis and emphysema, both of which are related 
to similar etiology and may coexist. Lung function, 
which is readily measured by spirometry, is the 
defining feature of COPD [21]. Cigarette smoking is the 
most commonly encountered and readily identifiable 
risk factor for COPD [7]. 

Cigarette smoke contains ≈4,700 chemical 
constituents and can increase production of endogenous 
reactive oxygen species in target cell populations [27, 
28]. However, it is not clear which quantitative factors 
related to smoking influence the prognosis of COPD 
patients [1]. 

Cross-sectional studies have demonstrated an 
inverse association between obesity and the prevalence 
of COPD [11]. It is possible that improper lung 
function increases the risk of developing obesity. This 
may be due to the following three causes: (1) COPD 
patients’ difficulty breathing while exercising often 
results in lower levels of physical activity and thus 
fewer calories burned in exercise, (2) a common side 
effect of long-term glucocorticosteroid medications is 
weight gain and (3) due to being hypoxemic both at rest 
and with exercise, COPD patients are unable to utilize 
oxygen for the breakdown of fatty acids through beta 
oxidation [11, 20]. Although the association between 
obesity and COPD is increasingly recognized, the 
mechanisms involved and the nature of the relationship 
are still unclear. One reason for this uncertainty is 
that studies looking at COPD typically have included 
current smokers or those with a history of smoking 
[5]. Since smoking is the number one risk factor for 
the development of COPD [10], including smokers 
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in the studies makes it more difficult to investigate 
whether obesity is playing an independent role in the 
development of COPD, aside from the smoking, and 
whether obesity is associated with a dose-response 
relationship [12].

COPD is considered as a systemic disease 
according to much concomitant comorbidity in 
patients. These comorbidities significantly impact on 
patient outcomes. Evidence for this approach has been 
provided by strong associations with increased rates 
especially with cardiovascular diseases, metabolic 
syndrome, anaemia, musculoskeletal disease and 
pulmonary malignancies. A number of studies have 
shown a high connectivity between COPD and 
cardiovascular morbidity and mortality and pulmonary 
embolism. Hypercholesterolemia probably is hugely 
responsible for those events [33]. 

The metabolic defects that ensue in obesity include 
increased levels of free fatty acids resulting from 
insulin resistance, increased LDL-cholesterol, VLDL 
and triglycerides and decrease in HDL-cholesterol. It 
is most likely that presentation of increased free fatty 
acids to liver as a function of obesity is primarily 
responsible for over production of VLDL and this is 
probably the key to increased LDL via the sequence: 
VLDL → intermediate density lipoprotein (IDL) → 
LDL [32].

Inflammation may also play a role in the obesity-
COPD association. Obese individuals have elevated 
levels of a variety of inflammatory markers, including 
TNF-a, IL-6, and adipose resident macrophages, 
which results in an increased level of inflammation 
both locally and systemically [9].

This study aims to evaluate the relationship between 
smoking, lipid profile and obesity (body composition 
changes in COPD) in a selected groups of population 
(30 non-smokers, 30 smokers and 60 COPD patients). 

MATERIALS AND METHODS

The study was conducted on patients with 
chronic obstructive pulmonary disease (n = 60) from 
Specialized St. Svorad Hospital Nitra Zobor, Slovakia, 
who were treated by means of hospitalization or 
outpatient basis. Observation group consisted of 
clinically stable patients acute deterioration of the 
patients was excluded from the reference file. The 
control group consisted of probands from the general 
population without COPD, acquired by random 
selection, who were divided into two subgroups: 
smokers (n = 30) and non-smokers (n = 30) represented 
individuals of both sexes. 

We evaluated fat mass (FM); fat free mass (FFM); 
body mass index (BMI) and lipid profile in a group 
of 120 randomly selected probands (60 COPD patients 
– the cause of their COPD diagnosis was long-term 
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cigarette smoking; 30 smokers without COPD; 30 
non-smokers without COPD) to identify possible 
negative relationships of smoking to body composition 
(especially in relation to fat mass).

The research was approved by the ethics 
committee, approval number 4/071220/2020; Study 
Protocol Title: Long-term strategic research of 
prevention, intervention and mechanisms of obesity 
and its comorbidities. We received the signed informed 
consent to be included in the study and carrying out 
appropriate investigations from all subjects.

The examination of the functional state of the lungs 
of COPD patients was performed using spirometry 
and Bodyplethysmographic to confirm the diagnosis 
and determine the stage of the disease. Patients 
were classified into different groups according to the 
severity of the disease (Gold I to IV). Lung function 
was evaluated using spirometer ©2005 ZAN® 
Meßgeräte, GmbH Germany.

To the body weight measure of probands we used 
a BRUTUS Tanita digital personal scale (Tanita 
Corporation, Tokyo, Japan). Body weight was 
determined in underwear (digital scale, accuracy of 
measurement: 0.1 kg). To the body height measure 
of probands we used an ultrasonic height measuring 
unit BODYSON (Ultrasound Height Measuring Unit 
MZ10020) (ADE GmbH & Co., Hamburg, Germany). 
The measuring range is 500 - 2500 mm with a division 
of 5 mm. The meter is characterized by high accuracy, 
can be checked (spirit level) and its operation is simple. 
Body mass index (BMI) was calculated from body 
weight and body height of probands. 

To the measurement of fat mass (FM) and fat free 
mass (FFM) was used a device Bodystat Quadscan 
4000 (Bodystat Ltd, British Isles). The device works by 
using four-frequency bioelectrical impedance analysis 
(5; 50; 100 and 200 kHz). Regression equations are then 
derived which relate impedance to fat free mass (FFM) 
or total body water (TBW) measured by independent 
techniques. In our work, we adhered to the standard 
conditions of measurement: the probands were placed 
on the examination bed in a supine position with their 
lower limbs outstretched. The upper limbs are placed 
loosely next to the body, they must not touch the body. 
Two sensing electrodes with input and output cable are 
placed on the right hand and right foot, which ensure 
the supply of electrical current into the body and 
its feedback detection at the exit from the body and 
connection to the device software. The probe must not 
have a pacemaker or insulin pump or any electronic 
devices. The skin of the limbs must be at normal 
temperature and dry. Before starting the measurement 
itself, the personal data of the proband are first entered 
into the device: sex, age, weight, height, waist and hip 
circumference, current energy expenditure. This is 
followed by a custom measurement that takes a few 

seconds. Subsequently, the software of the device 
evaluates the given parameters.

Blood from probands was collected during 
hospitalization or outpatient examination. Laboratory 
parameters as total cholesterol (T-C), high-density 
cholesterol (HDL-C), low-density cholesterol 
(LDL-C) and triacylglycerols (TG) were investigated 
by automated clinical chemistry analyzer LISA 200th. 

The device operates at wavelengths from 350-600 
nm, in fully automatic mode with 3-stage quality 
control, automatic control of cuvettes cleanliness, 
with automatic sample dilution. The device includes 
software for quality control of the results. The analyzer 
is working after programming fully automatically.

The measured values were statistically processed 
and evaluated in a statistical program STATISTICA 
Cz. version 7.1. To the statistically evaluate of our 
experiment we used the Kruskall-Wallis test.

RESULTS AND DISCUSSION

Based on the clinical stage of the disease according 
to GOLD (stage I. – IV.), were COPD patients (n=60) 
in the following percentage: stage I. – 26.67%; stage 
II. – 71.67%; stage III. – 0%; stage IV. - 1.66%. The 
group of COPD patients consisted of 12 women and 48 
men; the group of smokers consisted of 18 women and 
12 men and the group of non-smokers consisted of 17 
women and 13 men.

From the obtained individual values, we calculated 
the basic statistical characteristics of probands (Table 
1).

Based on calculated body mass index (BMI), we 
found in group of COPD patients (n=60) cachexia in 1 
case (1.67%), underweight in 4 cases (6.67%), normal 
BMI in 17 cases (28.33%), overweight in 15 cases 
(25%), obesity in 7 patients (11.67%), severe obesity 
in 14 patients (23.3%) and morbid obesity in 2 patients 
(3.33%). In the group of smokers (n=30), we found 
underweight in 1 case (3.33%), normal BMI in 9 cases 
(30%), overweight in 16 cases (53.33%), obesity in 5 
cases (16.6%) and severe obesity in 1 case (3.33%). No 
cachexia, underweight or morbid obesity were reported 
in this group. In the group of non-smokers (n=30) we 
recording normal BMI in 8 cases (26.67%), overweight 
in 14 cases (46.67%), obesity in 5 cases (16.67%) and 
severe obesity in 2 cases (6.67%). In this group were 
reported no cachexia, underweight or morbid obesity. 
The results correlate with the incidence of obesity 
in Slovak population. The results of our experiment 
showed that COPD patients have a lower body weight 
and a slightly higher BMI value compared to probands 
from the general population without COPD.

Because body mass index (BMI) does not take 
into account fat mass, we measured body composition 
using BIA in the monitored probands. 
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Bioelectrical impedance analysis (BIA) is a method 
for estimating body composition, in particular body fat 
and muscle mass, where a weak electric current flows 
through the body and the voltage is measured in order 
to calculate impedance (resistance) of the body. Most 
body water is stored in muscle. Therefore, if a person 
is more muscular there is a high chance that the person 
will also have more body water, which leads to lower 
impedance. BIA actually determines the electrical 
impedance, or opposition to the flow of an electric 
current through body tissues which can then be used 
to estimate total body water (TBW), which can be 
used to estimate fat-free body mass and, by difference 
with body weight, body fat [19].  

The results for the parameter “fat mass” in the 
monitored groups of probands are follows: we found 
statistically highly significant differences between the 
group of COPD patients and non-smokers (P<0.001) 
and insignificant differences (P≥0.05) between the 
other groups of our experiment. A comparison of 
the mean fat mass values   of all three groups of the 
experiment shows a steady increase in fat from non-
smokers (17.66±10.04 kg) to COPD patients with the 
highest mean value (25.08±10.14 kg) (Figure 1). This 
finding may be related to the negative effect of cigarette 
smoke in smokers and patients as well as to the 
development of chronic obstructive pulmonary disease 
in patients, as all three groups had approximately the 
same average body weight (about 77 kg – Table 1).

Although smokers did not show significant 
difference in mean body mass index than those who 
never smoked, they showed more metabolically 
adverse fat distributions with increasing smoking 
amounts [17]. This finding suggests that smoking is 
not beneficial for weight control. Therefore, smoking 
cessation and avoidance of smoking commencement 
should be addressed as important public health issues 
in preventing obesity and related complications. 

Among smokers, cigarettes smoked per day were 
positively associated with central fat accumulation, 

particularly in women [6]. Substantial evidence shows 
that cigarette smoking induces multiple pathological 
effects in adipose tissue, such as differentiation of 
adipocytes, lipolysis, and secretion properties in 
adipose tissue [29].

Fat free mass (FFM) is made up of muscle and 
bone mass of the body. Our measurements show that 
in the group of COPD patients we recorded the lowest 
average value of FFM (51.76±13.84 kg), in group of 
smokers the middle (56.06±10.76 kg) and in non-
smokers the highest average value of FFM (59.91±9.90 
kg) at relatively the same body weight in the groups 
(about 77 kg - Table 1).

In patients with COPD, this is related to the 
gradual loss of muscle mass - which is an unfavorable 
prognostic indicator of their disease; in smokers lower 
FFM may indicate a negative effect of cigarette smoke 
on their metabolism and their overall physical and 
health status.

Smokers are exposed to the effects of oxidative 
stress, with its negative effects on the cardiovascular and 
respiratory systems. Recently, osteoporosis, diabetes 
mellitus and obesity have become increasingly common 
in patients with COPD. The above, together with the 
ongoing COPD, contributes to reducing the quality 
of life. Progressive deterioration of lung function in 
a smoker can be averted only by immediate cessation of 
smoking and the exclusion of other risk factors, as well 
as comprehensive treatment including pharmacological, 
rehabilitation treatment and nutritional intervention. The 
treatment of COPD must be complex and effective. The 
pharmacological part of the treatment should gradually 
improve the health condition, reduce the complications 
of the disease and the outbreak of exacerbations. Non-
pharmacological treatment - nutritional support aims to 
improve physical fitness and reduce unwanted loss of 
muscle mass. 

Subsequently, we were interested in the lipid 
profile in the monitored groups of probands. There 
was no significant difference in the T-C between the 

Table 1. Basic characteristics of probands (n = 120)

Characteristic
COPD Patients (n=60) Smokers (n=30) Non-smokers (n=30)

P - Value
mean± SD min. – max. mean ± SD min. – max. mean± SD min. – max.

Age (yrs) 69.25 ± 9.90 49 - 87 46.53 ± 9.22 26 - 59 52 ± 6.51 32 - 63 -
Body weight (kg) 76.73 ± 20.23 38.6 – 136.8 77.83 ± 12.76 53.2 – 101.7 77.57 ± 16.34 50 – 117.5 P ≥ 0.05

FM (kg) 25.08 ± 10.14 10.3 – 57.1 21.77 ± 9.06 7.5 - 45 17.66 ± 10.04 6.5 – 50.7 P < 0.001
FFM (kg) 51.76 ± 13.84 22.1 – 81.5 56.06 ± 10.76 38.8 – 75.4 59.91 ± 9.90 43.5 – 80.2 P < 0.05

BMI (kg.m-2) 28.5 ± 7.05 15.3 – 46.8 26.89 ± 4.07 20 – 36.8 27.29 ± 4.42 18.6 - 37 P ≥ 0.05
T-C (mmol.L-1) 4.69 ± 1.09 2.9 – 8.73 5.01 ± 0.94 3.23 – 6.85 5.33 ± 1.04 2.93 – 7.18 P < 0.05

HDL-C (mmol.L-1) 1.43 ± 0.55 0.53 – 2.74 1.58 ± 0.35 1.05 – 2.53 1.89 ± 0.27 1.23 – 2.47 P < 0.001
LDL-C (mmol.L-1) 2.77 ± 1.05 0.62 – 6.29 3.57 ± 0.69 2.38 – 4.67 2.83 ± 1.02 0.93 – 4.53 P < 0.001

TG (mmol.L-1) 1.23 ± 0.53 0.3 – 2.52 1.34 ± 1.6 0.42 – 9.45 1.34 ± 0.85 0.44 – 4.52 P ≥ 0.05
Data are expressed as mean ± standard deviation (SD), min. – max.; FM (fat mass); FFM (fat free mass); BMI (body mass 
index); T-C  (total cholesterol); LDL-C (low density cholesterol); HDL-C (high density cholesterol); TG (triacylglycerols)

Obesity, smoking status and their relationships in selected population groups
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group of patients and non-smokers, and no significant 
difference (P≥0.05) was found between the other 
groups (Figure 2).

Dyslipidemia, a major risk factor for coronary heart 
disease and metabolic syndrome, is characterized by 
a cluster of lipid abnormalities such as an elevated 
level of triglyceride (TG), a reduced level of HDL-C 
and an increased level of LDL-C. A number of studies 
have evaluated the relationship between COPD and 
blood lipid profiles with inconsistent results. While 
some authors reported reduced serum levels of HDL 

or increased serum levels of TG in COPD patients [4, 
14], others did not observe any significant changes in 
lipid serum profiles [2]. 

There was a statistically significant difference 
(P<0.001) in the LDL-C level between the groups 
of patients and smokers, a statistically significant 
difference between the group of smokers and non-
smokers (P<0.05) The mean LDL value in the group 
of patients was 2.77±1.05 mmol.l-1, in the group of 
smokers 3.57±0.69 mmol.l-1 and 2.83±1.02 mmol.l-1 in 
the group non-smokers (Figure 3).

Figure 1. Evaluation of fat mass (FM) by device Bodystat Quadscan 4000 in the monitored groups: COPD patients (P), 
smokers (S) and non-smokers (N) (P < 0.001) 

Figure 2. Levels of total cholesterol (T-C) in the monitored groups: COPD patients (P), smokers (S) and non-smokers (N) 
(P < 0.05)

P. Lenártová, M. Gažarová, J. Mrázová et al.
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Hypercholesterolemia in COPD is considered 
as comorbidity, one of the metabolic syndrome. 
According to some dates severe COPD is associated 
with increased levels of HDL-C, which is partially 
attributable to oral steroid use. HDL-C in this 
population is not associated with reduced risk of 
angiographically proven coronary artery disease [25]. 
We found a statistically highly significant difference 
(P< 0.001) between the group of patients and smokers, 
a statistically significant difference between the group 
of smokers and non-smokers (P < 0.05) (Figure 4).

Figure 3. Levels of low density cholesterol (LDL-C) in the monitored groups : COPD patients (P), smokers (S) and non-
smokers (N) (P < 0.001)

Figure 4. Levels of high density cholesterol (HDL-C) in the monitored groups : COPD patients (P), smokers (S) and non-
smokers (N) (P < 0.001)

The prevalence of metabolic syndrome (MS) is high 
in COPD patients and higher value of triacylglycerols 
(TG) was the MS component associated with higher 
risk of five-year mortality in COPD patients [26]. 

By multiple comparisons of P values, we did not 
find significant differences between the observed 
groups in the observed trait (P≥0.05) (Figure 5). The 
lowest TG values were found in the group of COPD 
patients; the TG values in the group of smokers 
and non-smokers were approximately at the same 
level. This finding indicates the efficacy of treating 

Obesity, smoking status and their relationships in selected population groups
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Figure 5. Levels of triacylglycerols (TG) in the monitored groups : COPD patients (P), smokers (S) and non-smokers (N) 
(P ≥ 0.05)

dyslipidemia in COPD patients. Patients who were not 
receiving treatment for dyslipidaemia showed that TG 
levels were higher in patients with stable COPD than 
in healthy individuals [34]. 

In COPD patients, metabolic syndrome did not 
additionally impact patients’ functional outcomes but 
did impact the prevalence of co-morbidities first of all 
cardiovascular [3, 16]. According to dates from some 
studies high level of cholesterol as a part of a metabolic 
syndrome in COPD patients is associated with more 
serious and more frequent exacerbations [18, 23]. 

CONCLUSIONS

In the vast majority of patients with COPD, the lung 
damage that leads to COPD is caused by long-term 
cigarette smoking. But there are likely other factors 
at play in the development of COPD, such as a genetic 
susceptibility to the disease, because not all smokers 
develop COPD. There is little data about the combined 
effects of COPD and obesity. 

In our study, we observed the presence and absence 
of risk factors such as smoking, inappropriate lipid 
profile and obesity (amount of fat mass) in selected 
population groups.

In fat mass (FM) we found statistically highly 
significant differences between the group of COPD 
patients and non-smokers (P<0.001) and insignificant 
differences (P≥0.05) between the other groups of our 
experiment. A comparison of the mean FM values   of all 
three groups of the experiment shows a steady increase 
in fat from non-smokers (17.66±10.04 kg) to COPD 
patients with the highest mean value (25.08±10.14 
kg). Fat free mass (FFM) measurements show that in 
the group of COPD patients we recorded the lowest 

average value of FFM (51.76±13.84 kg), in group of 
smokers the middle (56.06±10.76 kg) and in non-
smokers the highest average value of FFM (59.91±9.90 
kg) at relatively the same body weight in the groups. In 
patients with COPD, this is related to the gradual loss 
of muscle mass - which is an unfavorable prognostic 
indicator of their disease; in smokers lower FFM 
may indicate a negative effect of cigarette smoke on 
their metabolism and their overall physical and health 
status. In the lipid profile of the monitored groups 
of probands, we observed statistically significant 
differences only for LDL cholesterol. 

Obesity and COPD are multifactorial diseases 
and additional studies are required to explore both 
the quantitative and qualitative changes in body 
composition with disease process of COPD.
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