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Abstract

The World Health Organization predicts that Chronic Obstructive Bronchopathy Disease (COPD) will become the third leading 
cause of death in 2030 worldwide. COPD, is a ‘preventable and treatable’ pathology, characterized by an air flow limitation that is not 
entirely reversible. Flow restriction is generally progressive and associated with a pulmonary inflammatory response correlated with 
major risk factors such as tobacco smoke, followed by occupation and air pollution. The purpose of this research is to investigate and 
evaluate the correlations between the entity of bronchopulmonary disease and the inflammation index (CRP), antioxidant potential 
(CoQ10) and the cardiac overload index (NT-proBNP). To develop this research protocol, 26 patients with different severity of COPD 
(BODE Index) were enrolled. The experimental results show a direct correlation between antioxidant potential and oxygen content 
in the blood, an inverse correlation between cardiac overload and distance traveled in meters (6-minute walking test). Finally, all 
patients showed a systemic inflammatory state directly proportional to the state of blood oxygenation. Although the study included 
a limited number of patients and lacked a control group, it was possible to identify an ideal model of patients with COPD from which 
to draw valid conclusions.

Keywords: COPD; C-reactive protein (CRP); Coenzyme CoQ10; NT-proBNP

Introduction  
Chronic obstructive pulmonary disease (COPD) is the third 

leading cause of death worldwide [1,2]. In the United States, the 
Third National Health and Nutrition Survey (NHANES II) reveals a 
prevalence of 6.9% for mild COPD and 6.6% for the Moderate COPD  
in people between 25 and 75 years old. The highest occurrence 
is in males and increases with age [3]. Many authors showed a 
prevalence of about 18% of obstructive pulmonary airflow disease 
in an Italian population of 4353 patients. It is estimated that the 
prevalence of COPD will increase globally in the coming decades 
due to the increase in smoking, especially in developing countries 
[2,4,5]. Furthermore, the percentage of hospitalizations increases  

 
proportionally to a lower socio-economic status [6,7]. According 
to the Legambiente report ‘Mal’Aria 2018’ (Europe calls, Italy 
responds) one of the main causes of the increase in the disease 
is also air pollution due to natural factors and especially human 
activities.

The main sources of pollutant emissions are the production 
of energy and the transformation of fuels, road transport, non-
industrial combustion, the use of solvents, production processes 
and the treatment and disposal of waste. Exposure to particulate 
matter at a young age causes tracheitis, bronchitis, asthma, 
in percentages ranging around 24%, acute exposure causes 
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exacerbations. In adults, chronic exposure causes asthma, chronic 
obstructive pulmonary disease (COPD) and neoplasia not only of 
the lung but also of other parts of the body. At the state of the art, 
there is sufficient scientific evidence that for every increase of 10 
micrograms per cubic meter of Pm2.5 there is in the long term in 
Italy a 7% increase in total mortality, 10% in cardiovascular and 
respiratory mortality, 9% of that for lung cancer (Department of 
Pneumology, Mauritian Hospital, Turin). COPD has a very important 
socio-economic impact in society, estimates by the National Heart 
Lung and Blood Institute (INHLB) show an annual cost of $ 23.9 
billion for COPD, more than half for health services provided, 4.7 
billion for morbidity, 4.5 billion related to premature mortality. 
Hospitalization remains the main economic burden [8].

COPD- Systemic Inflammatory Disease 

The chronic inflammatory process that affecting the peripheral 
airways and it is responsible for the structural alteration that 
occurs during COPD is well-known [9]. The American Thoracic 
Society and the European Respiratory Society underline the 
systemic inflammatory nature of COPD, referring to the definition 
of the Global Initiative on Obstructive Lung Diseases (GOLD), 
which underlined for the first time the concept of ‘inflammatory 
pathology’ [4].

Several studies analyzing the plasma levels of various markers 
have highlighted the presence of systemic inflammation in COPD. 
Gan WQ, et al. [10] noted the correlation between COPD, FEV1 or 
FVC and the levels of systemic inflammatory makers, such as 
C-reactive Protein (CRP), fibrinogen, tumor necrosis factor (TNF-α), 
interleukin-6 (IL-6) and white blood cell count [10]. Broekhuizen 
et al., [11] emphasized a more compromised energy metabolism, 
an increased disability, demonstrated by a reduced effort tolerance 
and a more marked respiratory stress in those COPD patients with 
a CRP plasma level> 4.21 mg/L, regardless of the entity of the 
airflow obstruction, expressed in terms of FEV1. Moreover, patients 
with increased CRP levels, show a reduced post-bronchodilator 
FEV1, compared to patients with normal CRP levels due to reduced 
reversibility in FEV1 after inhalation of a Beta-agonist [11].

COPD- Multi-Dimensional Disease

American Thoracic Society (ATS) and the European Respiratory 
Society (ERS) guidelines are recommended to evaluate the severity 
of COPD through a single physiological measure (Table 1) the forced 
expired volume in 1 sec (FEV1) [1]. This functional parameter is an 
excellent predictor of lung morbidity and mortality.

Table 1: COPD severity ATS/ERS guidelines (Adapted by Salimbene 
I, et al.,2020).

Severity FEV1/FVC Post-
Bronchodilation FEV1%

At risk* (smoker, exposed to 
contaminants, with cough, phlegm 

and dyspnea)
>0.7 ≥ 80

BPCO slight ≤0.7 ≥ 80

BPCO moderate ≤0.7 50-79

BPCO serious ≤0.7 30-49

BPCO very serious ≤0.7 <30

However, COPD is a heterogeneous and complex disease, in fact 
it is associated with other alterations and clinical manifestations 
not strictly related to the severity of the air flow limitation. Several 
studies highlight a weak correlation between the severity of the air 
flow limitation and the reduction of effort capacity [12], pulmonary 
arterial hypertension [13] and the weakness of the peripheral 
musculature [14]. To highlight parameters capable of assessing 
the severity of COPD and predicting the outcome of the disease, 
Celli et al., 2006, demonstrated that a new multi-dimensional 
staging system, such as the BODE index (Body-mass index, degree 
of airflow Obstruction and Dyspnea, and Exercise capacity index) 
is able to evaluate the respiratory and systemic expressions of the 
disease, better than observed only with FEV1. The BODE index is 
determined through the following variables (Table 2)

Table 2: Dyspnea Scale. Mahler DA et al. Am Rev. Respir Dis 1987, 
135:1229 (adapted by Salimbene I, et al., 2020).

Level Description

0 I have no breath just for intense efforts

1 I only get out of breath if i run slowly or if i make a slight climb

2 On flat paths, i walk slower than my peers, or i have to stop to 
breathe when i walk

3 I have to stop to breathe after i walk on flat surfaces for about 
100m or for a few minutes

4 I miss my breath too much to leave the house or when i get 
dressed or undress

a)	 Body Mass Index (BMI), expressed Kg/m2

b)	 FEV1, expressed in % of the theoretical

c)	 Distance covered in 6-minute Walking Test (6mWT), expressed 
in meters

d)	 Medical Research Council dyspnea modified scale (MMRC)
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Using these variables and the score respectively attributed to 
each one, it is possible to define the BODE Index as shown in the 
Table 3.

Table 3: Variables and Score to define BODE Index (Adapted by 
Salimbene I, et al. 2020).

Score

Variable 0 1 2 3

FEV1 (% of the theoretical 
value) ≥65 50-60 36-49 ≤35

Distance covered in 6 min. (m) ≥350 250-249 150-249 ≤149

Dyspnea scale MMRC 0-1 2 3 4

BMI (Kg/m2) >21 ≤21

Based on all the parameters expressed in Table 3 are defined 
four groups of patients as following

1.	 Group 1 (score from 0 to 2)

2.	 Group 2 (score from 3 to 4)

3.	 Group 3 (score from 5 to 6)

4.	 Group 4 (score from 7 to 10)

Celli BR et al. [1], highlighted how patients with BODE index 4 
have a mortality rate of 80% estimated at 52 months. In addition, 
the authors pointed out that through the BODE index it is possible 
to predict the risk of death at 0.74%, compared to the value of 
0.65% obtained using the FEV1 as an analysis parameter for the risk 
of death [15].

Oxidative Stress in COPD

COPD increases the risk of cardiovascular disease by 2-3 
points [16]. Various studies have shown that the function of the 
endothelium in these patients is abnormal in both lungs [17] 
and in the renal systemic circulation [18,19], cigarette smoking 
is a clear risk factor for both COPD and cardiovascular disease. 
Some authors suggest that the persistent low level of systemic 
inflammation that occurs in COPD, may significantly contribute 
to the pathology of these cardiovascular abnormalities. If so, this 
may have important therapeutic implications in the management 
of these patients, since anti-inflammatory therapy would bring 
benefits not only for the chronic pulmonary inflammatory process, 
but also for the prevention of cardiovascular diseases. The Lung 
Heath Study showed that 25% of deaths in the USA are due to 
cardiovascular disease (patients aged around 50, with FEV1 equal 
to 79% of the predicted). Systemic inflammation associated with 
COPD can play a fundamental role in the comorbidities associated 
with this condition. Possible explanations are the following: the 
systemic dissemination of local lung inflammation, the hypoxia-
induced production of inflammatory mediators and the effects of 

pulmonary hyperinflation [20]. Rabinovich et al. [22] have shown 
that moderate exercise in COPD results in an increase in the 
inflammatory response in the muscle [21,22].

So skeletal muscle could be a resource for systemic 
inflammation in COPD; tissue hypoxia and sedentary lifestyle would 
seem implicated. Inflammatory markers implicated in COPD, which 
systematically increase are IL-6, IL-8, TNFα and fibrinogen [23-25]. 
Particular attention was paid to reactive protein C, a reagent that in 
the acute phase is produced by the liver in response to circulating 
IL-6, used in serum as a biomarker of systemic inflammation. CRP 
levels are associated with an increase in mortality in patients with 
COPD and in the general population. In stable COPD patients there 
is also an inverse correlation between CRP and airway obstruction 
and BMI [26,27]. The increase in CRP is an independent risk factor 
for coronary artery disease, myocardial infarction and stroke [28], in 
addition CRP is associated with a worse prognosis in acute coronary 
syndrome [29]. CRP is produced by the hepatocytes stimulated by 
IL-6. It is generally ascertained that IL-6 is elevated in response to 
vascular damage and associated inflammatory response, CRP is 
also found in atheromatous lesions and can also have a causal role 
in atherogenesis [30]. It is important to underline that no study has 
significantly proven the hypothesis that the increase in oxidative 
stress in COPD increases cardiovascular risk. 

Oxidative stress is understood as an imbalance between the 
production of reactive O2 species (ROS: including free radicals, 
reactive oxygen and nitrogenic species) and protective antioxidants 
(superoxide dismutase and glutathione peroxidase). Oxidation 
causes apoptosis, cell destruction and necrosis, but also increases 
inflammation through the activation of inflammation of gene 
expression for inflammatory mediators and adhesion molecules. 
Oxidative stress increases with the severity of air obstruction, 
as measured by the products of lipid peroxidation in the sputum 
induced in patients with COPD [31]. Like inflammation, also 
pulmonary oxidative stress, associated with COPD, extends 
systematically.

Coenzyme Q10 as the Main Indicator of Oxidative Stress

Coenzyme Q (vitamin Q or ubiquinone), is an organic molecule 
and more precisely a quinone with isoprenic side chains, similar 
in structure to vitamin K and E. It is present in cereals, soy, 
nuts, vegetables, meat, fish, vegetable oils, wheat germ and its 
introduction with food is essential. Blood levels of coenzyme Q10 
are higher among vegetarians, it is an essential molecule to produce 
ATP, but also an important antioxidant in the intra-extra cellular 
compartments. According to various hypotheses, the coenzyme Q 
supplement may be able to block the oxidative stress related to the 
aging process. Various studies have shown that CoQH2-10 is one of 
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the antioxidants that decreases first in the condition of increased 
oxidative stress.

Since the latter is defined as an alteration of the oxidant/
antioxidant balance in favor of the former, the% of CoQ-10 on the 
total coenzyme Q10 (% CoQ-10) may well indicate the degree of 
oxidative stress. Thanks to the simultaneous discovery in plasma 
of CoQ10 and CoQH2-10, with simple and reliable measurement 
methods it has been shown how oxidative stress increases in 
patients with COPD, but also hepatitis, coronary artery disease, 
Parkinson’s and amyotrophic lateral sclerosis. Coenzyme Q10 has 
also been used in cancer with brilliant results [32], in muscular 
dystrophy, in angina pectoris [33].

 Materials and Methods
As described in the abstract section, the aim of the research is to 

deepen the understanding of the relationships between the entity of 
the lung disease and the inflammation index, antioxidant potential 
(CoQ10) and cardiac overload index (NT-proBNP) by investigating 
it in a group of COPD patients with different BODE index. In this 
regard, 26 patients (23 males and 3 females) with stable COPD of 
different severity, were treated at home with inhalation therapy 
with bronchodilators and/or steroids. The patients (PTS) being 
treated at the ‘Agostino Gemelli’ hospital in Rome (Italy) and 
included in the research protocol, were organized into three groups 
according to the BODE index.

The first group included 11 patients with BODE index between 
0 and 2, the second group included 7 patients with BODE index 
between 3 and 4, and the third group included 8 patients with 
BODE index between 5 and 10 (Figure 1). The choice of combining 
patients belonging to the BODE 3 and 4 group (according to the 
classification of Celli et al. [1] in a single group, was dictated by the 
small size of the sample and therefore by the need to quantitatively 
homogenize the three study groups. 

The demographic characteristics and standard deviation (SD) 
of the patients are summarized as follows: 

a)	 average age = 66 years (SD 10)

b)	 average weight = 76.2 kg (SD 11.1)

c)	 average height = 1.68 m (SD 0.07)

d)	 average body mass index (BMI) = 27 Kg/m2 (SD 3.7)

Subjects with one or more of the following criteria were excluded 
from the study: evidence of left ventricular failure and valvulopathy, 
history of coronopathy, diabetes, evidence of neurological 
diseases, lung and upper airway infection in the previous 4 weeks, 
concomitant restrictive pneumopathy, serum creatine> 2.5 mg/dl 
or dialysis, systolic blood pressure <85 mmHg, pregnancy, addiction 
to alcohol or drugs, taking specific drugs (hypnotics, anxiolytics, 
psychosis, antidepressants, nausea, dizziness, antipileptics, drugs 
for parkinsonism, for dementia) (Figure 1).

Figure 1: Classification of COPD patients included in the research protocol.

Study Design Method

The assessment of the performance of the study for each patient 
was organized into 3 days (from day -1 to day 1) and is summarized 
as follows:

Day -1

a.	 Evaluation of lung function (global spirometry with helium 
dilution method, pharmacological bronchodilation test, carbon 
monoxide diffusion test)

b.	 Determination of nutritional status through BMI

c.	 Evaluation of effort tolerance, through 6-mininute walking test

d.	 Assessment of dyspnea through the use of the modified UK 

Medical Research Council scale

e.	 Evaluation of gas exchange with blood gas analysis; 
Electrocardiographic evaluation

f.	 Self-completion of the health questionnaire (S. George)

g.	 Determination of the BODE Index

Day 0

1)	 Collection of venous blood for NT-proBNP and reactive protein 
C

2)	 Positioning of the pulse oximeter for dynamic monitoring
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Day 1

Blood Gas Analysis: The dosage of the hormone NT-proBNP 
and reactive protein C, takes place using a nephelometric method. 
Plasma levels of CoQ10 were measured by high resolution liquid 
chromatography (HPLC) method, proposed by the International 
CoQ10 Association [34]. The reference values are 0.7 -1 µg/mL. 
The statistical analysis was carried out by analyzing the variance 
between the groups. The T student was used for paired data for 
intra-subject changes, instead linear regression for correlation 

analyzes.

Results and Data
Severe airflow obstruction was observed in all groups 

with the following specific characteristics: an average forced 
expiratory volume in 1 sec (FEV1) equal to about 48% compared 
to the theoretical value, a reduction in transfer of CO (expression of 
capillary bed compromise), an average distance in the norm during 
the execution of 6-minute walking test. There is no air trapping 
(RV/TLC as % of the predicted equal to 114.0, Table A).

Table A: Functional respiratory indices.

TOT (26PTS) BODE 1(11 PTS) BODE 2 (7 PTS) BODE 2 (8 PTS)

Average SD Average SD Average SD Average SD

VC 3.37 0.83 3.76 0.72 3.27 0.57 2.91 0.97

VCP 92.19 16.94 103.64 9.46 87.85 13.35 80.25 18.81

FEV1 1.33 0.59 1.76 0.56 1.14 0.17 0.88 0.42

FEV1P 47.73 18.81 63.63 16.53 41.14 5.72 31.67 10.39

FEV1PB 1.4 0.6 1.8 0.6 1.2 0.2 0.9 0.5

FEV1/VC 38.8 11.9 46.8 11.9 35.2 5.3 31 9.9

TLC 6.28 1.46 5.98 1.03 6.7 0.9 6.3 2.24

TLCP 100.2 16.7 96.5 7.5 104.4 10.8 101.6 27.8

RV/TLC 45.3 10.4 36.5 5.7 51.2 3.5 52.1 10.9

RV/TLCP 114.0 29.9 89.3 19.1 127.7 10.7 135.9 29.8

KCO 2.75 1.05 3.09 0.75 2.76 0.86 2.26 1.41

KCOP 52.54 16.93 59.36 15.57 54.57 15.67 41.37 25.33

DISTANCE 427 115 468 111 454 83 348 115

Note*: SD: Standard Deviation, FEV1: Forced Expiratory Volume in 1 sec, FVC:Forced Vital Capacity, FEF 25-75%: average forced expiratory flow 
between 25-75% of vital capacity exhaled, VC: Vital Capacity, RV: Residual Volume, TLC: Total Lung Capacity, FRC: Functional Residual Capacity, 
KCO: CO transfer coefficient.

The gas exchanges are moderately compromised with a mild 
hypoxemia and normocapnia, as evidenced by the results reported 
in Table B relating to the blood-analytical and saturimetric indices. 
Overall, Table C highlights the inflammatory state, the extent of 
cardiac overload, the antioxidant potential and the thyroid function 
of the patients, with respect to the severity index of lung disease. 
The average NT-proBNP value of the total sample (26 PTS) is 88.1 
pg/mL (SD= 82.7), moreover the average CRP value of the total 
sample is 6.2 mg/L (SD= 5.4), it is an expression of a systemic 
inflammatory state. 

From the analysis of the parameters and the comparison of the 
three considered groups (Table B) considered, the following results 
emerged: the three groups do not differ for PaO2 (the respective 
mean values are 71.5 mmHg, 73.7 mmHg and 70.9 mmHg), the 
patients in the BODE 3 group have a significantly higher PaCO2 (44 

mmHg) than the BODE 1 group (40.7 mmHg, p= 0.011) and 2 (38.6 
mmHg, p = 0.011); in general the average nocturnal saturation is 
significantly reduced, compared to the daytime (92.3 mmHg vs 93.4 
mmHg, p= 0.046) especially in the subjects of the BODE 2 group (92.0 
vs 93.7 mmHg, p= 0.024). The three groups have an overlapping 
inflammatory state, they do not differ in terms of cardiac overload 
and antioxidant potential. Figure 2 shows the graphs of simple 
regression plot with the correlation of the following parameters

a)	 The arterial content of O2 and coenzyme Q10 (corrected for 
cholesterolemia, simple regression plot 1)

b)	 The distance covered in meters during 6 mWT and the cardiac 
overload index (simple regression plot 2)

c)	 The oxyhemoglobin saturation in 24h and the systemic 
inflammatory state (simple regression plot 3).
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Figure 2: Simple regression Plot and correlation between: arterial content of O2 and coenzyme Q10 (1); distance covered in meters during 6 
mWT and the cardiac overload index (2), oxyhemoglobin saturation 24 h and the systemic inflammatory state (3).
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Table B: Blood gas analysis and saturation indicators.

TOT (26PTS) BODE 1 (11 PTS) BODE 2 (7 PTS) BODE 3 (8 PTS)

Average SD Average SD Average SD Average SD

pH 7.42 0.03 7.41 0.01 7.43 0.04 7.4 0.02

PaO2 71.8 9.4 71.5 10.3 73.7 9.3 70.6 9.3

PaCO2 41.3 4.2 40.7 2.8 38.6 3.9 44.6 4.3

CaO2 20.3 1.7 20.1 1.5 20.6 2.3 20.2 1.7

O2Hb 93.5 2.2 93.3 2 94.3 1.4 92.8 3

SATM24 93.1 2 93 2.1 93.6 1 92.7 2.5

SATMD 93.4 2.4 93.7 2.3 93.8 1 92.5 3.4

SATMN 93.3 2.7 92 2.4 93 0.9 92 4

Note*: SD: Standard Deviation, PaO2: Blood Pressure of O2, PaCO2: Blood Pressure of CO2, CaO2: Arterial Content of O2, O2Hb: % of Oxyhemoglobin 
compared to the total, SATMD24: average of SpO2 in 24h, SATMD: daytime average of SpO2 (7am-22pm), SATMN: Nightly Average of SpO2 (22pm-
7 am).

Table C: Inflammatory states and other indicators.

 
TOT (26 PTS) BODE 1 (11 PTS) BODE 2 (7 PTS) BODE 3 (8 PTS)

Average SD Average SD Average SD Average SD

CRP 6.2 5.4 5 6 6.2 2.3 7.7 6.5

NT-proBNP 88.1 88.7 63.4 57 81.7 64.8 127.6 115.7

CoQ10/Col. 235.5 55.7 232.2 51 254.9 63.1 222.9 57.9

CoQ10 (nmol/L) 1304.2 327.6 1323.8 352.6 1367.8 319.2 1221.5 325.3

Col 5.6 0.8 5.7 0.7 5.5 0.8 5.6 1.1

TSH 1.8 1.1 1.7 0.7 2.3 1.5 1.5 1.1

FT3 3.4 0.4 3.3 0.3 3.5 0.2 3.6 0.6

FT4 13.2 2.4 11.7 1.3 12.8 2.5 15.7 1.5

Note*: SD: Standard Deviation, CRP: C-reactive protein, CoQ10/Col.: Relationship Between Serum CoQ10 Concentration and Cholesterolemia, 
CoQ10 = serum concentration of CoQ10 in nmol/L, Col= cholesterolemia in nmol/L.

Conclusions and Implications
It has been concluded that COPD patients studied in this pilot 

study have a systemic inflammatory state indirectly proportional 
to the blood oxygenation state, regardless of the severity of lung 
disease, estimated using the multi-parametric BODE index system. 
In addition, subjects with better antioxidant potential have 
been found to have higher arterial oxygen content. This direct 
correlation is present regardless of the severity of COPD. It is not 
possible, however, to estimate the extent of the oxidative stress of 
the population under study, as the serum concentration of CoQ10 
reflects the sum of the reduced (the true antioxidant) and oxidized 
portions. Finally, the population considered shows cardiac overload 
inversely related to the distance traveled in meters, (during the 
execution of the 6-min. Walking test).

Several studies have shown an increase in type B natriuretic 

peptide in COPD patients [35] in particular have highlighted the 
possibility of using the plasma concentration of type B natriuretic 
peptide (BNP) as a prognostic marker and screening parameter 
for pulmonary arterial hypertension (PH) in patients with chronic 
lung disease. More precisely, Leuchte et al. [35] studying the ability 
of BNP levels to predict the presence of significant PH (defined by 
the presence of mean pulmonary arterial pressure> 35 mmHg), 
observed that a plasma BNP threshold value of 33 pg/mL, presents 
a sensitivity rate of 0.87 and a specificity rate of 0.81 [35]. The 
research conducted is limited to the small number of patients 
recruited to the lack of a control group and to the impossibility of 
using the serum dosage of coenzyme Q10 as a measure of oxidative 
stress. Nonetheless, the use of the highly sensitive nephelometric 
method for the serum CRP dosage and the multiple exclusion 
criteria adopted, aimed at eliminating those pathologies that 
influence the outcomes of interest, have allowed to identify an ideal 
model of COPD patients from which to draw valid observations.
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