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BACKGROUND

Background: COPD is a disease with constantly rising economic and social burden;
it is associated with multiple comorbidities which contribute to the disease severity.

Aim: To investigate the prevalence of co-morbidities in COPD patients and their
association with the disease severity and CRP levels.

Patients and methods: We conducted a retrospective study among 338 COPD
patients (mean age 65.2+7.6 years) with assessment of comorbidities, spirometry
measurements and serum levels of CRP. In 183 patients we found metabolic syn-
drome (MS) according to IDF criteria.

Results: We found prevalence of cardiovascular diseases (CVD) of 73.5% (hyper-
tension 70.4%, CHF 47.4%, ishemic heart disease 37.5%, and cardiac arrhythmias
12.6%), with higher prevalence in patients with more severe disease. We found
prevalence of type 2 diabetes of 21.1%, and 12.4% prevalence of bronchiectasis. In
a subpopulation of the patients we found 48.1% prevalence of MS and the serum
levels of CRP were significantly higher in patients with COPD and MS compared to
those without the syndrome: 7.4 (3.14 - 11. 54) mg/ml vs 4.06 (2.64 - 6.93) mg/
ml, p=0.006.

Conclusion: The present study suggests high prevalence of CVD comorbidities in
COPD patients and association with the disease severity. Metabolic syndrome is
a common comorbidity and is associated with increased inflammatory response.

effect on the course of the disease, because COPD

COPD is a disease with rising social burden due to
increasing mortality and the disabling course of the
disease. There are expectations of rising morbidity
in the future as a result of the increasing number
of active smokers and the aging of the general
population.! Although COPD affects primarily the
lungs, it is assumed nowadays that it is a systemic
and multifaceted disease, which is characterized
with systemic inKammation often associated with
other conditions as comorbidities. The peripheral
inammation spills over into the circulation, re-
sulting in systemic inXammation that may worsen
comorbidities, such as cardiovascular diseases, dia-
betes and osteoporosis. Comorbidities contribute to
the disease severity in the individual patients and
the treatment of comorbidities may have positive

patients usually die of complications associated with
the accompanying conditions.> Comorbidities are
present in every stage of the disease as they are
important determinants of the disease course and
have great economic consequences.’ Historically,
the term comorbidity was delned as ‘any distinct
additional clinical entity that has existed or that
may occur during the clinical course of a patient
who has the index disease under study’.* The most
common comorbidities of COPD are cardiovascular
diseases (CVD), metabolic disorders, osteoporosis,
skeletal muscle dysfunction, anxiety/depression,
cognitive impairments, gastrointestinal diseases and
other respiratory diseases as bronchiectasis, lung
Kbroses and lung carcinoma.’ Population based
studies con¥rm this thesis: an epidemiological study
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conducted in Switzerland found that 2.3% of the
hospitalizations in the country in the period between
2002 and 2010 were due to COPD and the number
increased to 6.1% in patients over the age of 70
years. In hospitalized patients the highest comorbidity
was associated with hypertension (35%), followed
by ischemic heart disease (14.4%), cardiac rhythm
abnormalities — atrial fibrillation and flutter (~10%)
and type II diabetes mellitus (~10%).% In Bulgaria
there are inconsistent data about the prevalence of
COPD comorbidities. Some studies discussed below
present different aspects of the problem.

AIM

The aim of the present study was to assess the
prevalence of the most common comorbidities in
COPD patients in Varna region, Bulgaria and find
their correlation with the disease severity and the
levels of CRP.

PATIENTS AND METHODS

We performed a retrospective study among 338
COPD patients (mean age 65.2+7.6 years, 67.4%
males) after approval from local ethical committee
(N 4/10.10.2009). 250 of the patients were hospital-
ized in the pulmonary clinic of St. Marina University
Hospital, Varna and in the Clinic of Internal Diseases
of Varna Naval hospital between 2010 and 2016, for
COPD exacerbation. 88 subjects were stable COPD
patients from follow up visits. Inclusion criteria for
the study were: established COPD diagnosis, post-
bronchodilator obstructive spirometry according
to ATS/ERS criteria and use of inhalation therapy
either LABA, LAMA, or combination with ICS.
Patients showing reversibility of FEV, more than
12% and 200 ml were excluded from the study. The
presence of comorbidities was assessed by medical
records, concomitant medications and self-reported.
Prevalence of comorbidities was compared to other
studies in Bulgaria and epidemiological studies and
meta-analyses. The level of obstruction was assessed
with spirometry. As an inflammatory marker we used
the serum levels of CRP. In 183 of the patients we
defined the presence of metabolic syndrome ac-
cording to IDF criteria: presence of central obesity
(waist circumference > 94 cm for males and > 80
cm for females) in combination of two or more
of the following: increased arterial blood pressure
> 130/85 or treatment for hypertension; increased
levels of triglycerides >1.7 mmol/l; low levels of
HDL cholesterol <1.03 mmol/l for males and <1.29
mmol/l for females; increased levels of blood glu-

Comorbidities of COPD

cose >5.6 mmol/l or previously diagnosed type 2
diabetes.” Data were analysed with IBM SPSS for
Windows, v. 19.

RESULTS

The mean FEV % predicted of patients with exac-
erbated COPD was 50.91+13.19 % vs. 62.7£17.6 %
in stable COPD patients. Most of the patients (56.8%)
had no exacerbations in the previous year, 25.9%
had one exacerbation, 15.1% had two exacerbations
and 2.2% had three or more exacerbations.

We found total prevalence of cardiovascular
comorbidities of 73.5% with hypertension account-
ing for 70.5%, followed by chronic heart failure
(47.4%), ischemic heart disease (37.5%) and car-
diac arrhythmias (12.6%). The prevalence of type
2 diabetes mellitus was 21.1% and bronchiectasis
accounted for 12.4%. In a subset of 183 patients
we found 48.1% prevalence of MS. When selecting
the patients with severe and very severe obstruction
(GOLD stages III and 1V) we found significantly
higher comorbidity rates of cardiovascular diseases
compared to the patients with lower levels of ob-
struction (p<0.05).

In the present study we found significantly
increased serum levels of CRP even in the stable
phase of the disease (7.96 + 14.1 in stable COPD
vs. 19.9+£34.7 mg/ml in exacerbated COPD). In
patients with COPD who presented with MS we
found significantly higher levels of CRP compared
to those without the syndrome: 7.4 (3.14 — 11.54)
mg/ml vs. 4.06 (2.64 — 6.93) mg/ml, p=0.006. Cor-
relation analysis showed that levels of CRP correlate
positively with the GOLD spirometry stage of the
disease (r=0.308, p<0.0001) and negatively with
FEV,% predicted (r = -0.259, p < 0.0001).

DISCUSSION

1. CARDIOVASCULAR COMORBIDITIES

In the present study the cardiovascular diseases
were the most common comorbidities among the
investigated patients with the highest prevalence of
hypertension (Fig. 1). Similar results were found
by other Bulgarian researchers (Mekov et al.) who
investigated 375 COPD patients and found comorbid-
ity of hypertension in 68% of the patients.® During
follow up of 226 COPD patients in Pleven region,
Bulgaria, Yanev et al. established accompanying
cardiovascular comorbidity in 78.5% of the patients
with highest rates found for hypertension (48.1%),
followed by ischemic heart disease (21.4%), CHF
(21.4%) and cardiac rhythm disorders (20.6%).°
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Cardiovascular comorbidity in Bulgaria is similar
and even higher than that reported in international
population studies and meta-analysis. For example,
in recent meta-analysis Miravitles et al. included
25 550 patients with COPD who participated in
randomized tiotropium trials and 61 361 COPD
patients in observational studies and found that
hypertension is the most common accompanying
disease with prevalence between 41% and 60.6%,
followed by ischemic heart disease (12.5-41%) and
cardiac arrhythmias with prevalence 7.8-15.8%.!0
In the ARIC and CHS population based cohorts,
the prevalence of hypertension was 34% in normal
subjects but 40% in GOLD stage I COPD patients,
44% in GOLD stage II and 51% in GOLD stage III
and IV COPD patients.!! In the present study we also
found increased incidence of hypertension in more
severe disease (Fig. 2). The increased comorbidity
with hypertension and cardiovascular diseases can
be explained on one hand with the fact that they are
the most common diseases in the general popula-
tion and on the other hand accelerated ageing with
degradation of elastin and increased deposition of
collagen resulting in increased arterial stiffness may
play a role. Arterial stiffness was reported to be
increased in COPD patients, and is related to FEV,
levels and emphysema.'? In a large UK database of
primary care medical records, comprising 1,204,110

patients aged over 35 years, 29,870 patients were
identified with COPD and these patients were five
times more likely to have cardiovascular disease
compared with those without COPD.!3 It appears
that reduced lung function is an independent risk
factor for developing cardiovascular diseases. In the
Baltimore Longitudinal Study of Aging, patients with
the greatest decline in FEV, over a 16-year follow-
up period were three to five times more likely to
die from a cardiac cause than those with the lowest
decline in FEV,.?® Even among lifetime nonsmokers,
an increased decline in FEV, was associated with
a five to 10-fold increase in risk of cardiac death,
suggesting that the relationship between changes in
FEV, and cardiovascular events is independent of
the effects of smoking.!*

II. SYSTEMIC INFLAMMATION

Systemic inflammation is an extra-pulmonary mani-
festation of COPD and is characterized by increased
inflammatory markers. It has been proven that
raised levels of CRP and systemic inflammatory
response are major risk factors for development
of atherosclerosis and contribute to the increased
risk of cardiovascular diseases.!> In the present
study we found elevated levels of CRP even in
stable COPD patients and association with disease
severity. Systemic inflammation is defined as two
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Figure 1. Prevalence of cardiovascular comorbidities in COPD patients.
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Figure 2. Cardiovascular comorbidities according to COPD severity.

to four-fold increase of the levels of the circulating
pro-inflammatory and anti-inflammatory cytokines
(interleukin-6, interleukin-1p, TNF-a), and acute
phase plasma proteins (CRP, serum amyloid-A).!6
Study of Thomson et al. demonstrates that simultane-
ous increase of the serum levels of CRP, fibrinogen
and leucocytes is associated with two- to four-fold
increased risk of comorbidities, including ischemic
heart disease, myocardial infarction and heart fail-
ure.!” Additional mechanisms are tissue hypoxia
and oxidative stress, which are present also in
IHD and cardiac arrhythmias, as well as impaired
vasodilative capacity observed in bronchial arter-
ies.!® Considering the increased rates of chronic
inflammation, Fabbri and Rabe introduced the term
“chronic systemic inflammatory syndrome” which
is characterized with presence of COPD, chronic
heart failure, increased levels of CRP, smoking his-
tory over 10 pack years and metabolic syndrome.!”
Study among 4132 patients with CHF followed up
for 8 years showed that patients with comorbidity
of COPD had higher mortality rates compared to
those without airflow limitation.?® Decreased lung
function is associated with increased cardiovascular
morbidity proved a large population based study
among over 6000 participants. They were followed
for 14 years and the results showed that decreased
values of FEV | were independent risk factor for the
development of cardiovascular disorders and death
from myocardial infarction.?!

III. METABOLIC SYNDROME (MS)

In the present study we investigated a subgroup of
participants for the presence of metabolic syndrome
and 48.1 % of the patients were consistent with the
IDF criteria for MS. Similar results were reported by
Watz et al. who found presence of MS in 47.5% of
the investigated 170 COPD patients with prevalence
between 40 and 50% when dividing the patients into
groups according to the spirometry GOLD stages.??
In Turkish population Akpinar et al. found 44.6%
prevalence of MS in 91 patients with stable COPD
versus 17.1% in control group.?®* Study performed
in Korea among 133 newly diagnosed patients with
COPD reports similar results — prevalence of MS
of 36.8%.2* In Bulgaria, Mekov et al. found 25%
prevalence of MS in 155 COPD patients?, and
epidemiological study in Pleven region, Bulgaria
found MS in 13.8% of the investigated 3598 COPD
patients. The lower prevalence reported in the lat-
ter study could be explained with using the body
mass index (BMI) instead of waist circumference
as a major criterion for defining MS.?% These stud-
ies show that metabolic syndrome is 1.3—1.5-times
more common in COPD patients than in people
with normal lung function.

The possible mechanisms which associate central
obesity with airflow limitation are still not well
understood. It is established that abdominal obesity
changes the compliance of the diaphragm and chest
wall through mechanical forces. Chen et al. found
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that 1 cm increase in the waist circumference is
associated with 13 ml reduction in FVC and 11
ml fall in FEV,.?” Reduced ventilation in the lung
basis can lead to altered ventilation/perfusion ratio
and arterial hypoxemia in recumbent position of
the body.?® On the other hand, both COPD and MS
are associated with chronic systemic inflammation
which suggests that probably they share similar
pathogenic mechanisms. It is established that fat
tissue is metabolically and endocrinal active organ
with significant production of adipocytokines like
IL-6, TNF-a and leptin and its mass enlargement
is associated with increased levels of these proteins
as well as raised levels of CRP.2® COPD disease
severity and metabolic syndrome, as well as physical
inactivity, were independent predictors of systemic
inflammation measured by high-sensitivity C-reactive
protein (hs-CRP) and I1L-6.4?> Accordingly, in the
present study we found increased inflammatory
response in patients having both COPD and MS.
Thus, common pathogenic mechanisms of MS and
COPD may be responsible for the association be-
tween central obesity and airflow limitation.

IV. DIABETES MELLITUS TYPE 2

In the present study we found 21.1% prevalence
of diabetes mellitus type 2 (DM type 2) in COPD
patients. Yanev et al. established similar prevalence
of 17.6%° which was comparable to other stud-
ies conducted in Bulgaria — Mekov et al. found
prevalence of type 2 diabetes mellitus accounting
for 21.7% in 152 COPD patients.?’ Results from
randomized and observational studies of COPD
patients report prevalence of diabetes mellitus type
2 between 10.3 — 38.9%!'% which is significantly
higher compared to the prevalence in the general
population in Europe (6.8 — 13%) according to the
data from 2015 world diabetes atlas.’® A systematic
review on diabetes epidemiology found that patients
with COPD have increased risk of developing DM
type 2 and reduced lung function measured with
FEV, and FVC may precede the development of
DM type 2. Moreover, the presence of asthma and
COPD was independently associated with an in-
creased risk of DM type 2.3! The possible relating
mechanism between the two conditions is the effect
of smoking, a major risk factor for COPD, on the
development of insulin resistance. Study of Borissova
et al. demonstrates that smoking of 4 cigarettes for
an hour is resulting in significant reduction of the
insulin receptor’s affinity to glucose.*? This insulin
resistance in smokers may also be the reason for

the decreased HDL-cholesterol and raised levels of
triglycerides which increase additionally the risk
of cardiovascular diseases. Chronic hypoxia also
may play significant role in the impaired glucose
metabolism through rise of plasma epinephrine
levels. An impaired glucose tolerance is found in
COPD patients with low blood oxygen saturation,
compared to those with normal arterial oxygenation.>?
It has been shown that pancreatic p-cells are very
sensitive to hypoxia-induced damage as a result
of intermittent (sleep apnea) or chronic hypoxia in
COPD patients.>! On the other hand the persisting
systemic inflammation in COPD patients expressed
with raised levels of CRP, TNF-qa, IL-6 and other
factors is an established pathogenic mechanism for
development of both COPD and insulin resistance
which may explain increased glucose levels and
the higher prevalence of diabetes mellitus type 2
in patients with airflow limitation.3*

V. BRONCHIECTASIS

In the present study the prevalence of bronchiectasis
amongst COPD patients was 12.4% while other study
in Bulgaria found slightly higher prevalence of 16%
among 226 COPD patients.” With the increasing use
of high resolution CT bronchiectasis are more com-
monly recognized and diagnosed as a comorbidity
of COPD. A systematic review and meta-analysis
included 14 studies of total 5329 patients and found
that 1572 (29.5%) of the patients were comorbid
with bronchiectasis with prevalence between 20%
and 69% in different studies.’® Seven studies found
association between the presence of bronchiectasis
and the exacerbations of COPD.3 The two diseases
have similar clinical presentation with symptoms
of cough with or without purulent expectoration as
well as similar pathogenic mechanisms, including
persistent chronic inflammation and fibrotic changes
in the airways. There is some evidence that patients
with COPD and bronchiectasis have worse clinical
characteristics and increased risk of chronic spu-
tum production, more frequent exacerbations and
increased levels of inflammatory markers compared
to patients without bronchiectasis.! Recently the co-
existence of the two diseases was defined by many
authors as a distinct “infectious” phenotype of COPD,
which requires different therapeutic approach. The
deteriorated clinical course of COPD in the pres-
ence of bronchiectasis is associated mostly with the
colonization of the bronchial tree with potentially
virulent microorganisms, of which Pseudomonas
species being most frequently isolated.?>
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CONCLUSION

The results of the present study suggest that COPD
is associated mostly with cardiovascular comorbidi-
ties and these finding are consistent with the data
of similar studies in Bulgaria and in the world
literature with greater prevalence in patients with
more severe disease. Metabolic syndrome is pres-
ent in nearly half of the patients and is associated
with increased inflammatory response. Other com-
mon comorbidities are diabetes mellitus type 2 and
bronchiectasis. Defining the comorbidities and their
treatment is of great importance for the prognosis of
COPD patients as they have negative impact on the
course of the disease, quality of life and mortality.

STUDY LIMITATIONS

Diagnoses and comorbidities are retrospectively
collected; the diagnostic criteria for COPD and
assessed comorbidities may vary.
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BBepeHune: XObJ1 sBnseTcs 3aboneBaHNEM C NMOCTOAHHO HapacTalollen couno-
3KOHOMUYECKOW TAKECTbI CO MHOXXECTBOM COMYTCTBYIOLLMX 3ab0NEBaHUN, yCyry-
ONALWNX TAXKECTb 3aboneBaHus.

Llenb: Mpocneauntb pacnpocTpaHeHre COnyTCTBYOLWMX 3aboneBaHNIN Y nauneH-
ToB ¢ XOBJ1 1 nx B3aumMocBA3b C TAXKeCTbto 3abonesaHna n yposHAmu CRP (C-pe-
aKTUBHbIN 6enoK) .

MaumeHTbl N MeTOAbI: Hamu 6bifio NPOBEAEHO PETPOCMEKTUBHOE UCCIIefOBaHME
cpeayn 338 60nbHbIx ¢ XOBJ1 (cpenHnii Bo3pacT 65.2+7.6 neT) 1 OCyLlecTBAEHA
OLeHKa COMyTCTBYIOLWMX 3a60neBaHNi, CNMPOMETPUYECKNX AAHHBIX U CbIBOPO-
TOUHbIX ypoBHe CRP. Y 183 60sbHbIX ObII0 YCTaHOBIEHO HaNMune meTabonnye-
ckoro cnHgpoma (MC) cornacHo kputepuam MO (MexpgyHapoaHasa denepauuns
JnabeTa).

PesynbraTtbl: Hamu 6b110 YCTaHOBIEHO pacnpoCTpaHeHne cepaeyHo-CoOCYAUCTbIX
3aboneBaHuin (CC3) cpean 73.5 % 60nbHbIX (rnepToHua - 70.4 %, 3CH (3acToun-
HasA cepheyHasi HeAoOCTaTOUHOCTD) - 47.4 %, nwemmnyeckasa 6onesHb cepaua - 37.5
% 1 cepaeyHas aputMus - 12.6 %) c 6ornee WMPOKUM pacnpocTpaHeHNeM cpeamn
60NbHbIX, CTpagalowWwmx 3aboneBaHem B bonee Taxénon dpopme. YCTaHOBNEHO
pacnpocTpaHeHue anabeta 2 Tna B 21.1 % 1 12.4 % pacnpocTpaHeHns OpoHXo-
3KTasuu. B cybnonynsaumm 60nbHbIX ycTaHoBMeHO 48.1 % pacnpocTtpaHeHus MC ¢
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Comorbidities of COPD

CbIBOPOTOUHbBIMW YPOBHAMM B 3HaUMTENIbHOW CcTeneHun 6osee BbICOKMMU y 6onb-
Hbix ¢ XOBJ1 1 MC no cpaBHeHMIo C TeMu, y KOTOPbIX OTCYTCTBYET Hanmn4vme CUHAPO-
Ma- 7.4(3.14-11.54) mg/ml n 4.06 (2.64 — 6.93) mg/ml, p=0.006 COOTBETCTBEHHO.

3aknioueHme: HactosAllee nccnefoBaHne yCTaHaBMBAET BbICOKYIO CTeMeHb Ya-
ctoTbl CC3 conyTcTBYylOWMX 3ab6oneBaHnin y 60nbHbIX ¢ XOBJ1 1 B3anmMocBA3b C
TAXKECTblo 3ab60neBaHUsi. MeTabonMyecknin CMHAPOM SIBAIAETCA YacTo BCTpeYvalo-
LMMCA CONYTCTBYIOLWMM 3ab0NeBaHNEM 1 CBSI3bIBAETCSA C MOBbILLEHHbBIM BOCMNANV-
Te/bHbIM OTBETOM.
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