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Concomitant chronic obstructive

pulmonary disease

and hypertension: reciprocal
aggravation and high risk
of cardiovascular complications
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Chronic obstructive pulmonary disease (COPD) is a com-
mon disease of mankind which has significant negative
impact on quality of life and high incidence of hospitaliza-
tions and mortality. According to GOLD recommendations
(2011) and Order of the Ministry of Health of Ukraine No.
555 dated June 27, 2013 we have new understanding of COPD
as a disease that may be prevented and treated and the sever-
ity of which in some patients is preconditioned with its recur-
rence and concomitant conditions. In fact, these documents
have summarized numerous studies that have shown the
prevalence of comorbidities in COPD patients and their
impact on the prognosis [3, 6]. The most common comor-
bidities in COPD are cardiovascular pathologies, such as
coronary artery disease (CAD), arterial hypertension (AH),
atrial fibrillation and heart failure (HF) [2, 9].

Concomitant COPD and related cardiovascular diseases
result in higher incidence of admissions to hospital within a
year due to any diseases [4, 5, 7]. According to Csaba
Farsangetall (2012), the prevalence of HF is 4 times, CAD — 2
times, stable angina and myocardial infarction — 2,5 times,
peripheral vascular disease — 2,4 times, stroke — 1,5 times
higher in patients with COPD compared with the general
population [4, 5].

The Cardiovascular Health Study (2006) revealed that
patients with reduced function of external respiration were
diagnosed AH in 33,8 % of cases, there was a direct relation-
ship between AH, body mass index (BMI) and levels of
C-reactive protein, thus indicating that role of systemic
inflammation in development of COPD and concomitant AH
[5, 6]. Therefore, the patients with COPD demonstrated
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pathogenetically-reasonable mechanisms of higher cardiac
risk, which were caused by both significant prevalence of
comorbid cardiovascular disease and functional indexes of
external respiration and increased markers of systemic inflam-
mation, which were a predictor of early atherogenesis.

It was proven that comobidity with COPD played signifi-
cant role in higher incidence of mortality, especially due to
cardiovascular diseases and cancer. The higher was the degree
of comorbidity, the lower quality of life parameters we
observed [8]. Given all above mentioned, COPD is consid-
ered an additional independent risk factor for cardiovascular
complications.

Objective of the study

The objective of the study was to establish the prevalence of
risk factors for cardiovascular events in patients with COPD
alone and in combination with AH, and to assess the impact
of COPD on the course of AH.

Material and methods

We examined 256 patients with concomitant COPD and
AH, mean age (60,5 £ 0,6), including 158 (61,7 %) male
patients of mean age (59.6 * 2.6), and 98 (38.3 %) female
patients of mean age (61,9 + 1,2) (I group). II group con-
sisted of 50 patients with AH without history of concomitant
obstructive pulmonary disease, mean age — (60,6 £ 1,5),
including 20 (40,0%) male subjects and 30 (60,0%) female
subjects, average duration of AH — (11,96 = 1,82), IT Grade
AH — 34 (68 %), and 111 Grade AH — 16 (32 %). The patients
were subjected to standard clinical examination, over-the-
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clock ECG and blood pressure (BP) monitoring was done
using DiaCard 03500 unit (AOZT Solvieg, Kyiv) according to
standard procedure. Indicators of intracardiac hemodynam-
ics and duplex scanning of extracranial vessels were deter-
mined by echocardiography and pulse-wave Doppler method
using 3,0—3,6—6,6 MHz sensors of Logig-500 unit (GE,
USA) according to standard procedure. We used standard
protocol of echocardiography for assessment of dimensions of
cardiac chambers in parasternal and apical positions over long
and short axes and for measuring the intima-media complex
thickness (IMCT). To assess the endothelial mechanism of
vascular tonus regulation we used a sample of current-depen-
dent (endothelium-dependent) vasodilation according to
D.Celemajer et al., 1992. Quantitative assessment of
C-reactive protein in serum was done using a Biomerica
(USA) set by hsCRP ELISA method. Quantitative assessment
of nitric oxide metabolites based on enzymatic conversion of
nitrate to nitrite via nitrate reductase under Gris reaction was
done using commercial test system — the RDS set for assess-
ment of NO/NO,/NO; combination (UK).

Statistical analysis of the results was made on a personal
computer using the statistical software package SPSS 12.0 for
Windows, Grand Pack, Serial Number 9593869) (Buyul A.
Tsefel P., 2005., Nasledov A.D, 2007). The investigated values
are presented as «mean * standard error of the average» (M *
m) or «mean * standard deviation» (M * ). The reliable fig-
ures were considered the results of comparison with the prob-
ability of error (P) less than 0,05.

Results and discussions

We have analyzed the incidence of various risk factors for
cardiovascular complications and comorbidities in different
study groups. It was noteworthy that the body mass index

(BMI) did not differ significantly in all groups, but patients
with COPD had more subjects with BMI up to 18,5 kg/cm,
the vast majority of patients had a BMI over the normal range
with most patients with BMI over 40 kg/cm in the I group.
Therefore, among the patients with AH and concomitant
COPD examined by us dominated those with excessive body
weight and different degrees of obesity.

No significant differences were observed in terms of a num-
ber of smoker patients, for example 100 (39,1 %) patients
from I group were smokers, smoking index was (25,17 =
2,84). In the second group there were 20 (40 %) such patients,
smoking index — (28 & 6,39). We noted the difference in gen-
der prevalence of smoking. Group I had significantly more
male smokers — 92 (35,9 %) (p = 0,037), whilst the second
group had 13 (26 %) male smokers. At the same time female
smokers dominated in the second group, i.e. 7 (14 %) sub-
jects, and 8 (3,13) (p = 0,023) such subjects in group I. This
suggests that smoking today plays key role in the development
of pathological process both under the obstructive respiratory
diseases and AH.

The most common comorbidities that affect the prognosis
and stratification of cardiovascular risk are CAD and diabetes
mellitus. The diabetes mellitus was significantly more often
diagnosed in patients with comorbid disorders, both in group
I in 61 patients (23,8 %) and in group I in 5 (10 %) patients,
p < 0,001. 136 (53,1 %) patients from group I and 12 (24%)
from group II, p < 0,001 were diagnosed various types of
CHD (Figure 1).

Among examined patients we found the history of myocar-
dial infarction in 54 (21,1 %) patients from group I and in 5
(10 %) patients from in group II, p = 0,05. Clinically signifi-
cant atherosclerosis of lower limb arteries was diagnosed in 27
(10.5 %) patients from group I and in 5 (10 %) patients from

Characteristics of the main risk factors in patients with hypertension and concomitant rableT
chronic obstructive pulmonary disease
| group, COPD and AH patients Il group, AH patients
MokasHuk (n = 256) (n =50)
abs % abs %
BMI, kg/cm? 31,5 (27,4; 35,1) 30,8 (29,0; 33,9)
BMI go 18-5 2 0,78 0 0
BMI 18,5-24,9 25 9,77 1 2
BMI 25-29,9 79 30,8 15 30
BMI 30-34,9 82 32,0 24 48
BMI 35-39,9 41 16,0 8 16
BMI > 40 27 10,5 2 4
Number of patients-smokers 100 39,1 20 40
Number of men-smokers 92 35,9 13 26
Number of females-smokers, abs 8 3,13 7 14
Smoking Index, pack/year 25,17 £ 2,84 28 + 6,39
Note: the quantitative indicators are presented as (M + m) — mean = standard error of the average and as Med (per 25; per 75) — median and inter-quartile space (25 and 75 percentile).
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Figure 1. The prevalence of comorbidities in patients with COPD and concomitant AH and comparison groups

group II, p = 0,03. Therefore, patients with comorbid disor-
ders were diagnosed concomitant CHD, diabetes mellitus,
and atherosclerosis of lower extremities significantly more
often, thus indicating high cardiovascular risk in this group of
patients.

Among other factors of cardiovascular risk, dyslipidemia
was diagnosed in 151 (59 %) patients of group I and in 12
(24 %) patients of group II, p = 0,005. All examined patients
had significantly higher levels of C-reactive protein in con-
trast to the control group (practically healthy persons without
history of COPD and AH). Among patients with COPD and
concomitant AH we observed a 7,88 times growth of
C-reactive protein, that was significantly higher than in
patients with AH (p = 0,0005). We mentioned positive cor-
relation between the level of C-reactive protein and the sever-
ity of COPD (r = 0.28; p < 0.0001). Systemic inflammation
played significant role in the development of the pathological
process both in AH and in COPD, and patients with comor-
bid disorders had reciprocally-aggravated mechanisms that
significantly contributed to further development of systemic
inflammation signs.

Assessment of humoral component of endothelial dysfunc-
tion revealed reduction of nitrite/nitrate (NO, + NO,)
metabolites and increase of endothelin -1 in patients with
COPD and concomitant AH; we observed a correlation
between lower levels of nitrite/nitrate metabolites and severity
of COPD (r=0,41; p <0,002) and between higher volume of
endothelin-1 and severity of AH (r = 0,39; p < 0,0003). While
assessing endothelium-dependent vasodilation we found that
patients with concomitant COPD and AH demonstrated
increase in the velocity of systolic flow (p = 0,0008) and dia-
stolic flow (Vd) (p = 0,034). The lowest increase in brachial
artery after compression was diagnosed in group I — 3,5 %
and 4,2 %, p = 0,03 — in group II.

We found that 65 (25,4%) patients from group I and 19 (38
%) from the second group had normal vasoconstrictive reac-
tion of brachial artery. At the same time decreased reaction

and vasoconstriction was diagnosed in 191 (74,6 %) from
group I and in 31 (62 %) patients from group II, p = 0,003
(Fig. 2.).

Therefore, we found that 190 (74,6 %) patients with comor-
bid disorders had signs of endothelial dysfunction. There are
certain peculiarities of endothelial dysfunction precondi-
tioned by disorder of various mechanisms of regulation of
vascular tonus, including metabolic and endothelial ones.
The proof of this is the meager increase in the diameter of the
brachial artery and significant proportion of patients with
reduced reaction to the test for hyperemia of brachial artery
and increased proportion of patients with comorbid disorders
and arterial vasoconstriction.

According to the results of Doppler echocardiography, the
most significant changes were detected while assessing remod-
eling both left and right ventricles. 142 patients (55,5 %) with
COPD and concomitant AH were diagnosed concentric
hypertrophy of left ventricle. This trend was observed in
patients with isolated AH, namely in 32 patients (64,0 %); the
patients with combined course of diseases had increased
number of subjects with eccentric left ventricular hypertro-
phy — 39 (15,2 %), thus indicating the volume overload of left
ventricle correlated with the dimensions of the left atrium
(r=10,46; p=0,001) (Table 2).

Structural and geometric remodeling of the right ventricle
(volume overload type) under combination of COPD and AH
was diagnosed in 117 patients (45,7 %) that was significantly
higher than in patients with AH — 15 subjects (30,0 %) (p =
0.040). Significantly higher proportion of patients with
comorbidity had signs of pressure and volume overload, i.e. 73
(28,5 %) subjects in contrast with 2 patients (4,0%)
(p <0,0001) with AH alone.

Hypertrophy of myocardium is considered a significant fac-
tor in cardiovascular risk and a manifestation of pathology of
target organs in AH patients. The extent and severity of LV
hypertrophy in patients with comorbidity is significantly
greater than in patients with AH alone; significant role in
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Figure 2. Distribution of patients depending on arterial vasoconstrictive function

development of these changes plays remodeling of right car-
diac compartments due to dilatation and hypertrophy of RV.
Some clinical observations confirm the role of intima-
media complex thickness of carotid arteries as a marker of
systemic atherosclerosis and its growth is considered an inde-
pendent risk factor for heart attack, stroke and sudden death

[5]. We noted the increase of thickness of intima-media in
patients with comorbid disorders, although these changes
were not significantly higher than those among patients with
AH alone. This indicated additional adverse factor for cere-
brovascular prognosis in patients with concomitant diseases.
We also noted an increase in the number of patients with

Changes in remodeling of left and right ventricles and structural-morphological changes in carotid arteries in the s.’t-:at?j:eectz
groups
Indicators | group, COPD Il group, AH p
and AH (n =50)
(n = 256)
Assessment of LV remodeling
Norm, % 10,5 6 0,26
Concentric hypertrophy of LV, % 55,5 64 0,020
Concentric remodeling of LV, % 18,8 22 0,040
Eccentric hypertrophy of LV, % 12,5 8 0,001
Assessment of RV remodeling
Norm, % 0 50,1 0,0001
Pressure overload, % 25,8 16 0,002
Volume overload, % 45,7 30 0,040
Pressure and volume overload, % 28,5 4 0,0001
Morphological vascular changes
IMCT, mm 1.18 + 0.08 1,16 + 0.07 0,42
NtL)meer of patients with constrictive narrowing of carotid arteries over 20%, 98 (38,2%) 18 (36%) 0,02
abs, %

Note: The quantitative indicators are presented as (M + m) — mean + standard error of the average, the difference between groups is considered significant at p < 0,05.
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Table 3
Results of daily monitoring of blood pressure in subject groups
Total subjects(n = 306)
Indicators COPD and AH AH without COPD p
(n = 256) (n = 50)

Average SBP, 24-hours 135 (121; 140) 127 (126; 127) 0,017
Average DBP, 24-hours 78 (73; 83)* 77 (75; 80) 0,18
Average SBP, day-time 135 (122; 138)** 126 (122; 129) 0,004
Average DBP, night-time 77 (71; 86)** 77 (70; 81) 0,19
Time Index for SBP, 24-hours 45 (28; 53)** 44 (30; 48) 0,31
Time Index for DBP, 24-hours 34 (28; 45)** 25 (12; 37) 0,0003
Average 24-hour index 3,0 (0; 5.5)** -1,0 (-3.0; 9.0) 0,07
Rate of morning blood pressure growth 460 (152; 630)*# 100(4; 127) 0,0001
Note: The quantitative indicators are presented as Med (per 25; per 75) — median and inter-quartile space (25 and 75 percentile).

constrictive narrowing of carotid arteries, especially in
patients with concomitant COPD and AH.

According to the results of daily ECG monitoring, we
found that the patients from group I had significantly higher
daily average systolic (SBP) and diastolic blood pressure
(DBP), average day-time SBP, and average night-time DBP
in contrast to patients with isolated course of diseases
(Table 3).

It was found that comorbid COPD and AH patients had
significantly higher time indexes for both over-the-day sys-
tolic and diastolic blood pressure in contrast to patients with
isolated clinical diseases. The changes may indicate signifi-
cant shift and stress in regulatory systems manifested in dys-
function of target organs. There were cases of significant
increase in the rate of blood pressure growth, most often in
patients with comorbid disorders and direct relationship with
the AH severity. These results suggest a greater degree of
hypertension impact on target organs and probably more
severe and prognostically unfavorable course in patients with
comorbidities.

Conclusion

The analysis of clinical and instrumental data revealed that
the presence of concomitant COPD may be considered an
additional factor of cardiovascular risk in patients with comor-
bid pathology, as evidenced by the following information:

1. We found that 229 (89,4%) patients with comorbid
COPD and AH had excessive weight, 100 (39,1%) patients
were smokers with smoking index (25,2 + 2,84) packs/year
thus evidencing a high risk of cardiovascular events.

2. A portion of patients with diabetes mellitus among sub-
jects with comorbid conditions was significantly higher — 61
patients (23,8%), 136 patients (53,1%) had various forms of
CAD, thus allowing us to identify these patients according to
the risk stratification scale as high risk of heart cardiovascular
complications.

3. Dyslipidemia was diagnosed in 151 (59%) patients with a
combination of COPD and AH; the levels of C-reactive protein,

an increase in endothelin-1 and decrease of nitrite/nitrate
metabolites evidenced of the role of systemic inflammation in
the development of functional disorders in this group of patients.

4. We noted an increase of thickness of intima-media com-
plex in patients with comorbid conditions; despite the lack of
significant changes in patients with AH alone, it was another
adverse factor for cerebrovascular prognosis in patients with
concomitant diseases.

5. The signs of endothelial dysfunction caused by violation
of various mechanisms of regulation of vascular tonus was
obsereved in 190 (74,6 %) patients with comorbid conditions,
including metabolic and endothelial ones, thus confirming
the role of endothelial dysfunction in this group of patients.

6. Patients with concomitant COPD and AH had signifi-
cantly higher incidence of violation of remodeling of left and
right ventricles, that greatly contributed to formation and
progression of heart failure in this group of patients.
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COYETAHUE XPOHUYECKOIO OBCTPYKTUBHOIO
3ABOJIEBAHUSA NNEFKUX N APTEPUAJIBHON
MMNEPTEH3UN: BBAUMHOE OTArOLEHMWE U BbICOKUN
PUCK CEPAEYHO-COCYAUCTbIX OCJIOXXHEHUN

JI. B. Pacnymuna

Pesiome

Heab. Yemanosums pacnpocmpanenHocms akmopos cepoeHo-cocy-
O0uCmo20 pucka y NAayueHmog ¢ COYemaHnHbiM MmeveHueM XPOHUHEeCK020
obcmpykmusHo2o 3aboneséanus aeexux (XO3JI) u apmepuanvhoii eunep-
mensuu (Al), oyenumo érusnue XO3JI na meuenue AI.

Marepuasibl 1 MeTombl. 00ciedosano 256 00AbHBIX ¢ COMEMAHHbIM
meuenuem XO3JI u AT (I epynna), cpednuii eo3pacm — (60,5 * 0,6) eoda,
u3 Hux 158 (61,7 %) myxcuun u 98 (38,3 %) acenwun. Bmopas (11) epyn-
na — 50 nayuenmos c AI, 6e3 conymemayrouux 006cmpyKmugHuix 3abone-
BaHUIl OP2aH08 ObIXAHUS @ anamHe3e, cpednuil eospacm — (60,6 £ 1,5)
200a, myxcuun — 20 (40,0 %), ncenuwun — 30 (60,0 %). Bcem 6onvHbim
nposedeno cymounoe monumopuposarue IKI, apmepuanrvrhoeo dasnenus,
donnaepaxokapduoepagpuro, onpedesenue ypogus C-peakmugrozo beika,
sHdomenuna- 1, memaboaumos oxcuoa azoma.

Pesynbratel. Cpedu obcaedosannvix I epynnwr 'y 229 (89,4 %) duaenoc-
mupoearo oxcupenue, 100 (39, 1%) nayuenmog kypuau, unoexc nauko/nem
cocmasasn (25,2 + 2,84), docmosepro uawe 0uaeHOCMupo8anu caxapHolii
duabem — y 61 (23,8 %), pazHvie oopmoi umemuueckoii 6oaesnu cepoya —
y 136 (53,1 %), ducaunudemuio — y 151 (59 %) nayuenma. Y nayuenmos
1 epynnut umeno mecmo ymoaujenue KOMnAeKca UHMUMa—meoua 6 omaudue
om nayuenmos II epynnvi, umo ceudemenvcmeyem o OONOAHUMENLHOM
He0NazOnpUsMHOM (akmope cepoeyHo-cocyoucmoeo pucka y 004bHbIX
¢ conymcmayrouweii namoaozauell.

BoiBoapl. Couemannoe meuenue XO3J u Al conposoxcdaemcs
63AUMHbBIM OMs20UeHUEM U (opMUPOBaHUEeM (AKMOPO8 GbiCOK020 cepoey-
HO-cOCYoucmoeo pucka.

KiioueBble coBa: xpornuueckoe o6cmpykmugnoe 3a001e8aHue NeeKuXx,
apmepuanbhas unepmen3usl, GbiICOKULL cepoe4H0O-cocyOUCmblil puck.

Hayuno-npakmuuyeckuii scypruan «Acmma u ainepeus», 2014, Ne 2
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COMBINED COURSE OF CHRONIC OBSTRUCTIVE
PULMONARY DISEASE AND HYPERTENSION:
COMPLICATION AND HIGH RISK OF CARDIOVASCULAR
COMPLICATIONS

L. V. Rasputina

Summary

Objective. Establish the prevalence of risk factors for cardiovascular
events in patients with COPD and in combination with hypertension, to
assess the impact of COPD on the course of hypertension.

Object and methods. 256 patients who had a combination of COPD and
hypertension, mean age (60,5 = 0,6) years, males were 158 (61,7 %),
women — 98 (38,3 %) (group 1). The second group consisted of 50 patients
with hypertension without concomitant obstructive respiratory diseases
in history, the average age of — (60,6 * 1,5) years, men — 20 (40,0 %),
women — 30 (60,0 %). All patients underwent daily monitoring of ECG,
blood pressure, Doppler echocardiography, determination of C-reactive
protein, endothelin - 1, and nitric oxide metabolites.

Results. Of surveys and group 229 (89,4 %) showed overweight, 100
(39,1 %) patients smoked index a pack / years was (25,2 = 2,84),
significantly more often diagnosed with diabetes — in 61 patients (23,8 %),
and 136 (53,1 %) — various forms of coronary artery disease in 151 (59 %)
patients dyslipidemia, marked increase in the thickness of the intima —
media complex in contrast to the second group of patients, indicating that
additional adverse factor cerebrovascular prognosis in patients with
concomitant diseases.

Conclusion. Combined course of COPD and hypertension are associated
with mutual encumbrance and additional cardiovascular risk.

Key words: chronic obstructive pulmonary disease, hypertension, overall
cardiovascular risk factors.
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