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Introduction. Chronic obstructive pulmonary disease (COPD) is considered an important disease in the structure of mor-
bidity and mortality and a rising public health problem with increasing global age prevalence. Exacerbation of COPD in 
the elderly has a significant negative impact on the clinical and paraclinical picture, daily activity capacity, and quality of 
life. The need for correct diagnostic management is dictated by the severity of the pathology in the elderly and the high 
frequency of cardiac complications. Studying the clinical-paraclinical picture and the diagnostic capacity of natriuretic 
peptides in COPD patients with cardiovascular complications was the aim of the present research.

Material and methods. We conducted an analytical, observational, case-control study with the use of modern research 
methods. The study included 194 elderly patients (≥ 65 years old) divided into two study groups: those with only COPD 
(COPD group) and those with associated pulmonary hypertension (PHCOPD group). Patients underwent clinical, paraclin-
ical, and functional investigation methods with subsequent mathematical-statistical data processing.

Results. The study groups were similar according to socio-demographic data. The clinical assessment revealed that 
PHCOPD patients had, in comparison with COPD patients, statistically significantly more frequent and severe complaints. 
The objective examination determined that in PHCOPD patients, the values of the objective examination indices were much 
more affected than in the COPD group. At the complex geriatric assessment, the COPD group of patients shows a lower 
degree of dependence and less cognitive impairment. The multidimensional assessment of COPD reflected more severe im-
pairment according to the CAT, SGRQ, CCQ, mMRC, BODE questionnaires, and 6MWT test in the PHCOPD group compared 
to the COPD group. Spirographic, radiographic, ultrasonographic, and echocardiographic evaluations correlated with age, 
inflammatory syndrome, and natriuretic peptide level.

Conclusions. The PHCOPD group patients present a clinical picture, exercise capacity, objective data, complex geriatric 
assessment scores, and a multidimensional assessment of COPD that is statistically more frequent and severely affected 
compared to the COPD group. The impact of hemodynamic disturbances in COPD could be confirmed by the correlation 
of paraclinical data, such as the inflammatory response syndrome, increased natriuretic peptides, echocardiography data, 
and indices of internal organ ultrasound examination.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
The peculiarities of COPD patients in geriatrics who have hemo-
dynamic complications according to the clinical picture, objective 
exams, complex geriatric evaluation, complex COPD assessment, 
and paraclinical findings. The significance of natriuretic peptides 
in COPD hemodynamic disorders was highlighted.
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Introduction
Chronic obstructive pulmonary disease (COPD), accord-

ing to the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) 2020 report, is considered a rising public 
health problem with a significant socio-economic burden 
[1-4]. The magnitude of the condition is statistically sug-
gested by its fourth place in the structure of death causes 
worldwide. The negative impact was revealed by the sev-
enth place in the leading causes of disability in high-income 
countries and the tenth place in low- and middle-income 
countries, and it is an important cause of hospitalization 
worldwide. COPD mortality represents about 6% of all the 
deaths worldwide [4, 5].

The global prevalence of COPD varies by age: approxi-
mately 10% among adults aged 40-60 years, 18.8% among 
subjects aged 60-74 years, and 22.3% among men and 25% 
among women in the population aged 75 years and older 
[6-8].

Continuous exposure to COPD risk factors and demo-
graphic aging were the responsible predisposing factors for 
the condition level rising to third place in the structure of the 
death causes [9, 10]. COPD complications increase the risk 
of death due to other comorbidities; therefore, the health 
impact of COPD may be underestimated, considering that 
50% of mortality in COPD patients is caused by non-respira-
tory diseases [5, 11, 12].

Specific to COPD in geriatrics are: (1) higher prevalence 
in the elderly; (2) higher severity of the disease; (3) a silent 
clinical picture in the early stages, with the disease being 
unrecognized and untreated until it progresses to a more 
severe degree; (4) the association with a large number of 
comorbidities (average of 9); (5) a higher mortality rate; (6) 
reduced therapeutic efficacy and (7) a significant quality 
of life impact [13-18]. Exacerbation of COPD in the elder-
ly consisted of aggravation of the disease, the apparition of 
other symptoms and worsening of the pre-existing ones, a 
significant decline in functional and cognitive performance, 
a reduction in quality of life, and a poor prognosis. As a re-
sult, determining the evolution characteristics of COPD in 
elderly patients is regarded as critical for early COPD diag-
nosis, assessment of COPD secondary hemodynamic disor-
ders, implementation of effective therapeutic interventions, 
and reduction of the economic impact on the public health 
system [11, 14, 19].

The high rate of cardiac comorbidities, installed early 
with a silent evolution, the existing interrelationship of car-
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diovascular complications with the severity of COPD, and 
the increase in exacerbations, hospitalizations, and fatal 
events due to cardiovascular implements dictate the need 
for correct diagnosis and management implementation of 
COPD in the elderly. Therefore, rational, generalizable, and 
cost-effective strategies were necessary to identify cardio-
vascular complications, especially pulmonary hypertension 
and heart failure, in elderly patients with stable or exacer-
bated COPD in order to reduce the impact of the disease on 
this group of patients [20-22].

Lately, the detection of hemodynamic impairment in 
COPD patients presented deficiencies since their non-in-
vasive diagnostic methods did not always provide relevant 
data and invasive diagnostic methods were difficult to per-
form, requiring increased possibilities and costs. Highlight-
ing the specific clinical and paraclinical aspects of hemod-
ynamic impairment in COPD patients will allow the eluci-
dation of relevant paraclinical methods for detecting cardi-
ovascular involvement with the application of the adapted 
treatment strategy.

Timely, accurate diagnosis and subsequent management 
of PH are very important because, despite therapeutic pro-
gress, survival in this group remains suboptimal [12, 15].

Currently, the need to evaluate new biomarkers in COPD 
has been highlighted, but their implementation in clinical 
practice has been largely unsuccessful. BNP and NT-proB-
NP levels have not been adequately studied in patients with 
lung diseases and cardiac complications, specifically in 
COPD associated with PH or cor pulmonale, with the goal of 
estimating prognostic value and mortality risk in these cas-
es [7, 23]. Moreover, data on natriuretic peptides in elderly 
patients are very rare, and examination of plasma NT-proB-
NP in elderly patients with COPD in the Republic of Moldova 
has not been performed.

The goal of the work presented is to perform a diagnos-
tic evaluation of the clinical, objective, and paraclinical sta-
tus of elderly COPD patients with or without hemodynamic 
disorders, with a focus on the relevance of NT-proBNP levels 
in those patients.

Material and methods
To accomplish our purpose, we performed an analytical, 

observational, case-control study with the use of modern 
research methods.

The study included 194 elderly patients (≥ 65 years old) 
who were admitted to the Geriatrics ward of the Ministry of 
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Health Clinical Hospital for inpatient treatment and met the 
inclusion criteria. The overall study group was divided into 
2 subgroups according to the presence of PH: subgroup 1 – 
97 patients with COPD without PH (COPD group); subgroup 
2–97 patients with COPD and secondary PH (PHCOPD 
group). The data were collected during the inpatient stay, 
coded, and statistically processed.

Eligibility criteria
Eligible patients for the study included: (1) patients with 

chronic obstructive pulmonary disease with various sever-
ity degrees (obligatory presence of clinical and paraclinical 
features); (2) possible associations of hemodynamic disor-
ders in COPD patients; (3) the age of patients older than 65 
years; (4) agreeing to and signing the informed consent for 
inclusion in the study; and (5) integral mental health and 
intellectual capacities in the patients included in the study.

The study protocol was reviewed and approved by the 
Research Ethics Committee of Nicolae Testemițanu SUMPh 
nr. 1 on July 12, 2022. Each patient signed a consent form to 
participate in the study after being fully informed about the 
study’s purpose and objectives, as well as the obligations, 
benefits, and risks of the investigations carried out in ac-
cordance with the study protocol.

Investigation methods
The patients were examined using biochemical methods, 

instrumental methods (spirometry, pulse oximetry, electro-
cardiogram, ultrasonography of internal organs, chest x-ray, 
and transthoracic echocardiography), a functional exam 
with the 6-minute walk test, a multidimensional assessment 
of COPD (estimation of dyspnea (modified dyspnea severi-
ty scale – mMRC), symptom assessment (COPD assessment 
test – CAT, COPD clinical questionnaire – CCQ), quantifica-
tion of the quality of life (respiratory questionnaire of the 
„Saint George» hospital – SGRQ), and the prognoses deter-
mination (BODE index, 6-minute walk test – 6MWT). All pa-
tients in the study were evaluated using the survey method.

The volume of the representative sample was calculated 
in Program F tests – ANOVA (fixed effects, omnibus, one-
way analysis; A-priori sample size calculator) – and estab-
lished the research requirement of 192 patients.

The primary materials of the study were entered into an 
electronic database and processed on the personal computer 
using the functions and modules of the programs “Statistical 
Package for the Social Science” (SPSS) version 16.0 for Win-
dows (SPSS Inc., Belmont, CA, USA, 2008) and Microsoft Of-
fice Excel 2019 through descriptive and inferential statistical 
procedures.

For the comparative analysis of the indicator values, we 
applied mathematical-statistical techniques (dynamic series 
indicators, proportional indicators, average values, etc.).

Results
Socio-demographic data
The study groups included 97 (50.0%) patients with pul-

monary hypertension secondary to COPD (PHCOPD group) 
aged 65–90 years and 97 (50.0%) patients with COPD with-
out secondary pulmonary hypertension (COPD group) aged 
65–86 years. The study groups were similar according to 

sex, living environment, social status, living conditions, risk 
factors (smoking and household pollution), number of co-
morbidities, general condition, duration of current hospi-
talization, and number of hospitalizations in the last year 
(Table 1). Exposure to occupationally harmful substances 
was more significant in the PHCOPD group (55–56.7%) vs. 
(38–39.2%) in the COPD group.

The mean age was statistically significantly higher in 
the PHCOPD patient group (73.35±0.7 years; p < 0.01) com-
pared to patients in the COPD group (70.32±0.5 years; p < 
0.01). In the COPD patients group, youngest-old were statis-
tically significantly more frequently included (84–86.6% vs. 
61–62.9%, respectively; p < 0.001), and in the group of pa-
tients with PHCOPD – middle-old (28–28.9 % vs. 12–12.4%, 
respectively; p < 0.01) and oldest-old (8–8.2% vs. 1–1.0%, 
respectively; p < 0.05) (Fig. 1).

Table 1. Socio-demographic parameters and risk factors in patients in 
the study groups.

Parameters
PHCOPD COPD

p
abs. % abs. %

Gender:
- men
- women

65
32

67,0
33,0

70
27

72,2
27,8

NS
NS

Living 
environment:
- rural
- urban

85
12

87,6
12,4

80
17

82,5
17,5

NS
NS

Social status:
- intellectuals
- workers
- farmers

27
51
19

27,8
52,6
19,6

28
55
14

28,9
56,7
14,4

NS
NS
NS

Living conditions:
- satisfactory
- unsatisfactory

93
4

95,9
4,1

93
4

95,9
4,1

NS
NS

Smoking:
- never smoked
- ex-smoker
- currently smokes

54
30
13

55,7
30,9
13,4

54
28
15

55,7
28,9
15,5

NS
NS
NS

Note: PHCOPD – the COPD group with pulmonary hypertension; COPD – the 
COPD group without pulmonary hypertension; abs. – absolute values; p – 
probability rate; NS – insignificant.

Fig. 1 Distribution of patients 
in the study groups according to age (%).

PHCOPD – the COPD group with pulmonary hypertension; COPD – 
the COPD group without pulmonary hypertension.
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The evaluation of the patients autonomy according to the 
functional estate revealed that patients from the PHCOPD 
group had statistically more frequent pulmonary and car-
diovascular causes of dependence and the IIIA degree of 
dependence (92.8% vs 73.2%, respectively; p < 0.001), 
but patients from the COPD group had somatic causes of 
dependence and the IIIB degree of dependence (24.7% vs 
3.1%, respectively; p < 0.001).

Clinical picture
Cough and productive cough were comparable in both 

the PHCOPD and COPD patient groups. A small amount of 
morning or evening expectoration was statistically signifi-
cantly more frequent in the COPD patients group (76–78.4% 
vs. 5–5.2%, respectively; p < 0.001), but an average amount 
(48–49.5% vs. 21–21.6%, respectively; p < 0.001) and a 
high amount (44–45.4% vs. 0%, respectively; p < 0.001) of 
expectoration throughout the entire day were statistically 
significantly more frequent in the PHCOPD patients group.

All patients from both study groups complained of 
dyspnea. The COPD group of patients had expiratory type 
dyspnea (62–63.9% vs. 36–37.1%, respectively; p < 0.001), 
dyspnea on mild exertion (64–66.0% vs. 10–10.3%, respec-
tively; p < 0.001), the accentuation of respiratory signs at 
mild exertion (68–70.1% vs. 13–13.4%, respectively; p < 
0.001) and at increased physical effort (13–13.4% vs. 3.1%, 
respectively; p < 0.01).

The PHCOPD group of patients had mixed dyspnea (60–
61.9% vs. 34–35.1%, respectively; p < 0.001), which accen-
tuates on minimal exertion (85–87.6% vs. 33–34.0%, re-
spectively; p < 0.001), wheezing (77–79.4% vs. 16–16.5%, 
respectively; p < 0.001), accentuation of respiratory signs 
even during speech (8–8.2% vs. 1–1.0%, respectively; p 
< 0.05) and minimal exertion (73–75.3% vs. 15–15.5%, 
respectively; p < 0.001), low-grade fever (28–28.9% vs. 
2–2.1%, respectively; p < 0.001) and dysphonia (62–63.9% 
vs. 12–12.4%, respectively; p < 0.001).

Although both study groups experienced chest pain 
(89–91.8% in the COPD group vs. 95–97.9% in the PHCOPD 
group), the COPD group had a more frequent mild degree of 
chest pain (55–61.8% vs. 9–9.5%, respectively; p < 0.001), 
while the PHCOPD group reported more frequently moder-
ate (68–71.6% vs. 34–38.2%, respectively; p < 0.001) and 
severe pain (18–18.9% vs 0–0%, respectively; p < 0.001).

The mean number of comorbidities was also similar in 
both study groups: 8.4±0.3 (from 3 to 15 comorbidities) in 
patients from the PHCOPD group and 8.26±0.2 (from 4 up 
to 14 comorbidities) in patients from the COPD group (p > 
0.05).

The objective examination
At the objective examination, the patients of the PHCOPD 

group had statistically significantly more frequent central 
cyanosis (19–19.6% vs. 3–3.1%, respectively; p < 0.001), 
forced body position (73–75.3% vs. 3–3.1%, respectively; 
p < 0.001), peripheral edema (90–92.8% vs. 70–72.2%, re-
spectively; p < 0.001), emphysematous chest (43–44.3% vs. 
9–9.3%, respectively; p < 0.001), hyperresonant percussion 
sound (97–100.0% vs. 51–52.6%, respectively; p < 0.001), 

diffuse dry rales, accentuation of the second sound over pul-
monary artery (95–97.9% vs. 64–66.0%, respectively; p < 
0.001).

The PHCOPD group presented higher mean values of 
systolic blood pressure (138.57±1.2 mmHg vs. 128.61±1.0 
mmHg, respectively; p < 0.001), diastolic blood pressure 
(84.99±0.6 mmHg vs. 81.93±0.7 mmHg, respectively; p < 
0.001), heart rate (75.71±1.2 beats per minute vs. 69.98±1.0 
beats per minute, respectively; p < 0.01), respiratory rate 
(20.91±0.2 cycles per minute vs. 19.62±0.09 cycles per min-
ute, respectively; p < 0.001). On the other hand, the COPD 
group more frequently presented higher mean values of ox-
ygen saturation (96.79±0.07% vs. 95.36±0.1%, respective-
ly; p < 0.001).

At the complex geriatric assessment, the COPD group 
of patients showed a higher degree of independence and 
more clarity of thought. Those facts were revealed by the 
higher mean values of the Katz score (11.41±0.09 points 
vs. 10.64±0.1 points, respectively; p < 0.001), of the Law-
ton score (14.26±0.2 points and 12.62±0.2 points, respec-
tively; p < 0.001), and of the MMSE score (26.43±0.2 points 
vs. 25.14±0.2 points, respectively; p < 0.001) in the COPD 
group. On the other hand, the PHCOPD group of patients 
showed statistically significantly higher mean values of 
the Hamilton anxiety score (9.90±0.2 points and 8.4±0.3 
points, respectively; p < 0.001), of the Hamilton depression 
score (7.03±0.3 points and 5.98±0.3 points, respectively; 
p < 0.05), and mild cognitive impairment according to the 
MMSE test (Fig. 2).

According to the Katz score, independent patients were 
statistically significantly more common in the COPD group 
(57–58.8% vs. 30–30.9%, respectively; p < 0.001), but pa-
tients with moderate dependence (19–19.6% vs. 2–2.1%, 
respectively; p < 0.001) were statistically significantly more 
frequent in the PHCOPD group.

According to the Lawton score, independent patients 
were statistically significantly more frequent in the COPD 
group (45–46.4% vs. 13–13.4%, respectively; p < 0.001), 
but there were statistically significantly more patients with 
moderate dependence (55–56.7% vs. 24–24.7%, respec-
tively; p < 0.001) in the PHCOPD group.

Although COPD exacerbations were found in all study 
groups, patients in the COPD group mentioned rare COPD 
exacerbations (≤ 1) in the previous year statistically sig-
nificantly more frequently (58–59.8% vs. 13–13.4%, re-
spectively; p < 0.001), and PHCOPD patients mentioned 
frequent COPD exacerbations (≥ 2) statistically significantly 
more frequently (84–86.6% vs. 39–40.2%, respectively; p < 
0.001).

According to the COPD GOLD classification (2007/2017), 
the moderate COPD in the COPD group of patients was found 
statistically more frequently (81–83.5% vs. 11–11.3%, re-
spectively; p < 0.001), but the patients from the PHCOPD 
group had severe COPD (79–81.4% vs. 16–16.5%, respec-
tively; p < 0.001), very severe COPD (7–7.2% vs. 0–0%, 
respectively; p < 0.01) and COPD of type D (96–99.0% vs. 
89–91.8%, respectively; p < 0.05).
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The multidimensional assessment of COPD found higher 
average values in the PHCOPD group of patients in compar-
ison with the COPD group of patients. The impact of COPD 
on health and daily life activities is revealed by the higher 
value of the CAT scale in the PHCOPD group (29.81±0.5 
points vs. 22.61±0.5 points, respectively; p < 0.001). 
The mean values of SGRQ questionnaire were higher in 
PHCOPD group, and namely total score (71.73±1.2 points 
vs. 52.73±1.0 points, respectively; p < 0.001), the SGRQ 
symptom score (74.63±1.3 points vs. 54.77±0.9 points, re-
spectively; p < 0.001), the SGRQ activity score (75.40±1.1 
points vs. 63.87±0.8 points, respectively; p < 0.001), and 
the SGRQ impact on daily activities score (68.69±1.5 points 
vs. 45.41±1.4 points, respectively; p < 0.001). The COPD 
influence on clinical picture and daily living activities was 
proved by CCQ score, that was higher in PHCOPD group: the 
CCQ total score (4.08±0.08 points vs. 2.97±0.07 points, re-
spectively; p < 0.001), the CCQ symptom score (4.54±0.08 

points vs. 3.17±0.07 points, respectively; p < 0.001), the 
CCQ functional status score (3.57±0.08 points vs. 2.43±0.08 
points, respectively; p < 0.001), and the CCQ mental state 
score (4.16±0.1 points vs. 3.64±0.1 points, respectively; p 
< 0.01). The assessment of COPD dyspnea revealed higher 
mean values in the PHCOPD group according to the BODE 
index (5.04±0.1 points vs. 2.97±0.1 points, respectively; p 
< 0.001) and mMRC dyspnea scale (2.35±0.06 points vs. 
1.27±0.06 points, respectively; p < 0.001) (Fig. 3).

In the COPD group of patients, the mean value of the 
Borg scale was statistically significantly higher compared 
to the PHCOPD group (3.02±0.05 points vs. 2.4±0.05 points, 
respectively; p < 0.001).

When comparing the mMRC scale, the second (59–
60.8% and 28–28.9%, respectively; p < 0.001) and third de-
grees of dyspnea (33–34.0% and 2–2.1%, respectively; p < 
0.001) were found statistically significantly more often in 
the PHCOPD group.

Fig. 3 Impact severity estimation of COPD 
according to the GOLD questionnaires in 
elderly patients from the study groups 

(points, average values).
PHCOPD – the COPD group with pulmonary 
hypertension; COPD – the COPD group 
without pulmonary hypertension; CAT – 
COPD assessment test; SGRQ – Saint George 
Respiratory Questionnaire; CCQ – Clinical 
COPD Questionnaire score; BODE – Index 
for COPD that incorporates body mass index, 
obstruction, dyspnea, exercise capacity; 
mMRC – modified Medical Research Council 
Dyspnea Scale.

Fig. 2 Complex geriatric assessment of the patients 
from the study groups (points, mean values).

PHCOPD – the COPD group with pulmonary hyperten-
sion; COPD – the COPD group without pulmonary hyper-
tension; MMSE – Mini Mental State Examination.

Although both study groups had similar mean values 
of the Charlson comorbidity index (CCI) (6.56±0.2 points 
in the PHCOPD group vs. 6.33±0.2 points in the COPD 
group), according to the degree classification, patients 
in the COPD group had a statistically more frequently 

moderate CCI score (3-4 points) (18–18.6% vs. 8–8.2%, 
respectively; p < 0.05), whereas patients in the PHCOPD 
group had a more frequently high CCI score (≥ 5 points) 
(89–91.8% vs. 79–81.4%, respectively; p < 0.05).
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Pre-test patient assessment when performing the 6MWT 
revealed statistically significantly higher mean values in the 
PHCOPD group compared to the COPD group according to 
the following indices: systolic blood pressure (137.32±1.1 
mmHg vs. 128.11±0.9 mmHg, respectively; p < 0.001 ), di-
astolic blood pressure (84.32±0.6 mmHg vs. 81.82±0.6 
mmHg, respectively; p < 0.01), heart rate (75.13±1.2 beats 
per minute vs. 69.77±0.9 beats per minute, respective-
ly; p < 0.001), respiratory rate (20.84±0.2 cycles per min-
ute vs. 19.60±0.09 cycles per minute, respectively; p < 
0.001). On the other hand, the mean values of O2 satura-

tion (96.82±0.07% vs. 95.45±0.1%, respectively; p < 0.001), 
Borg scale (3.01±0.05 points vs. 2.40±0.05 points, respec-
tively; p < 0.001), and walking distance (321.57±4.7 meters 
vs. 255.19±5.4 meters, respectively; p < 0.001) were higher 
in patients from the COPD group (Table 2).

The analysis of the post-test data reveals the same ten-
dency of statistically average values, which are higher in 
the PHCOPD group compared to the COPD group. The mean 
value of O2 saturation (94.09±0.1% vs. 91.78±0.2%, respec-
tively; p < 0.001) was statistically significantly higher in pa-
tients from the COPD group.

Table 2. Parameters before and after the 6-minute walk test at patients from the study groups.

Parameters PHCOPD group 
pre-test

COPD group
pre-test p PHCOPD group 

post-test
COPD group post-

test p

SBP (mmHg) 137.32±1.1 128.11±0.9 < 0.001 151.09±1.2 139.07±0.8 < 0.001
DBP (mmHg) 84.32±0.6 81.82±0.6 < 0.01 92.86±0.6 90.05±0.4 < 0.001
HR (beats per minute) 75.13±1.2 69.77±0.9 < 0.001 89.43±1.6 81.55±1.1 < 0.01
Respiratory rate
(cycles per minute) 20.84±0.2 19.60±0.09 < 0.001 28.13±0.8 26.76±0.8 < 0.001

SaO2 (%) 95.45±0.1 96.82±0.07 < 0.001 91.78±0.2 94.09±0.1 < 0.001
Borg scale (points) 2.40±0.05 3.02±0.05 < 0.001 2.58±0.2 2.45±0.07 < 0.05
Walked distance (m) 255.19±5.4 321.57±4.7 < 0.001
Note: SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; SaO2 – blood saturation with oxygen; PHCOPD – the COPD group with 
pulmonary hypertension; COPD – the COPD group without pulmonary hypertension; p – probability rate.

As per the results of the 6MWT test according to the 
distance walked, the PHCOPD group had lower exercise tol-
erance (75–77.3% vs. 19–19.6%, respectively; p < 0.001), 
while moderate exercise tolerance (75–77.3% vs. 21–21.6%, 
respectively; p < 0.001) was statistically significantly more 
frequent in the COPD group.

Chronic respiratory failure of different degrees was de-
tected in all patients included in the study. The first degree 
of respiratory failure was more frequent in patients from 
the COPD group (60–61.9% vs. 6–6.2%, respectively; p < 
0.001), while the second degree of chronic respiratory fail-
ure (86–88.7% vs. 37–38.1%, respectively; p < 0.001) and 

the third degree of chronic respiratory failure (5–5.2% vs. 
0–0%, respectively; p < 0.05) were detected statistically 
more often in the PHCOPD group.

Functional respiratory examination through spirometry 
revealed statistically lower mean values of the main respira-
tory indices in patients from the PHCOPD group compared 
to the COPD group: FEV1 (42.81±0.8% vs. 53.80±0.6%, 
respectively; p<0.001), FVC (59.31±1.2% vs. 65.05±0.9%, 
respectively; p<0.001), FEV1/FVC (56.17±0.8% vs. 
63.53±0.5%, respectively; p < 0.001), and FEF (32.44±1.1% 
vs. 46.33±1.0%, respectively; p < 0.001) (Table 3).

Table 3. Spirometry parameters (%) before and after the bronchodilation test at patients from the study groups

Parameters PHCOPD group 
pre-test

COPD group
pre-test p PHCOPD group 

post-test
COPD group

post-test p

FEV1 42.81±0.8 53.80±0.6 < 0.001 45.64±0.8 55.90±0.6 < 0.001
FVC 59.31±1.2 65.05±0.9 < 0.001 62.03±1.3 67.02±0.9 < 0.01
FEV1/FVC 56.17±0.8 63.53±0.5 < 0.001 57.58±0.8 64.03±0.5 < 0.001
FEF 32.44±1.1 46.33±1.0 < 0.001 35.54±1.0 46.94±1.0 < 0.001
Note: FEV1 – forced expiratory volume in the first second; FVC – forced vital capacity; FEF – forced expiratory flow; PHCOPD – the COPD group with pulmonary 
hypertension; COPD – the COPD group without pulmonary hypertension; p – probability rate.

Spirometry parameters after the bronchodilator test had 
the same tendency, with lower mean values in the PHCOPD 
group, namely FEV1 (45.64±0.8% vs. 55.90±0.6%, respec-
tively; p < 0.001), FVC (62.03±1.3% vs. 67.02±0.9%, respec-
tively; p < 0.01), FEV1/FVC (57.58±0.8% vs. 64.03±0.5%, re-
spectively; p < 0.001), and FEF (35.54 ±1.0% vs. 46.94±1.0%, 
respectively; p < 0.001).

Laboratory and instrumental examination (electrocar-
diographic, radiological, echocardiographic, and ultrasono-
graphic examination of internal organs) revealed several 
parameters occurring statistically significantly more often 
in the PHCOPD group compared to the COPD group.

The radiological examination found that in the PHCOPD 
group, there were more frequent susceptible signs for 
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chronic bronchitis (96–99.0% and 81–83.5%, respectively; 
p < 0.001), susceptible signs for bronchial obstruction (50–
51.5% and 9–9.3%, respectively; p < 0.001), and susceptible 
signs for pulmonary emphysema (34–35.1% and 6–6.2%, 
respectively; p < 0.001).

Electrocardiography revealed that the patients in the 
PHCOPD group presented more often with signs of right 
atrial hypertrophy, such as pulmonary P waves in II, III, aVF, 
and V1-V2 leads (33–34.0% and 2–2.1%, respectively; p < 
0.001) and signs of right ventricle hypertrophy. The signs 
of right ventricle hypertrophy found more frequently in 
the PHCOPD group were right axis deviation (76–78.4% 
vs. 7–7.2%, respectively; p < 0.001), increase in wave am-
plitude in leads III, aVF, and V1-V2 (75–77.3% vs. 1–1.0%, 
respectively; p < 0.001) and ST segment depression in leads 
II, III, aVF, and V1-V2 (40–41.2% vs. 24–24.7%, respectively; 
p < 0.05).

Echocardiography revealed that the patients in the 
PHCOPD group presented more often with increased right 
ventricle wall thickness over 5 mm (93–95.9% vs. 4–4.1%, 
respectively; p < 0.001), right ventricle dilatation over 26 
mm (94–96.9% vs. 3–3.1%, respectively; p < 0.001), and a 
higher mean pulmonary artery pressure (42.44±1.4 mmHg 
vs. 19.26±0.2 mmHg, respectively; p < 0.001).

The ultrasonography of internal organs found that di-
lation of the suprahepatic veins greater than 10 mm (58–
59.8% vs. 0–0%, respectively; p < 0.001), dilation of the in-
ferior vena cava greater than 20 mm (57–58.8% vs. 0–0%, 
respectively; p < 0.001), and venous congestion of the liver 
(56–57.7% vs. 2–2.1%, respectively; p < 0.001) occurred 
more frequently in the PHCOPD group.

Polycythemia was found to be more common in the 
PHCOPD group (20–20.6% vs. 8–8.2%, respectively; p 
< 0.05), as well as C-reactive protein (7.78±0.9 mg/dL 
vs. 5.77±0.8 mg/dL, respectively; p < 0.001), fibrinogen 
(4.23±0.4 mg/dL vs. 3.47±0.09 mg/dL, respectively; p < 
0.05), and mean values of NT-proBNP (1807.16±91.5 pg/
mL vs. 138.65±8.3 pg/mL, respectively; p < 0.001).

The microscopic examination of sputum in the PHCOPD 
group revealed increased number of epithelial cells 
(17.41±0.7 vs. 13.99±0.7 in the visual field, respectively; p 
< 0.01), macrophages (7.24±0.5 vs. 5.65±0.3 in the visual 
field, respectively; p < 0.01), and leukocytes (22.16±1.1 vs. 
18.69±1.0 in the visual field, respectively; p < 0.01).

Discussions
Therefore, the complex geriatric assessment in the 

PHCOPD group, compared to the COPD group, revealed sta-
tistically significantly more frequent and severe complaints. 
The cough was more severe, and expectoration was moder-
ate to severe throughout the day. Dyspnea was of mixed type 
and occurred with minimal physical exertion. The clinical 
picture in the PHCOPD group was completed by wheezing, 
accentuation of respiratory signs during speech, minimal 
physical exertion, low fever, moderate chest pain, and se-
vere chest pain. PH in elderly COPD patients has a negative 
impact on the clinical picture and an unfavorable impact on 
daily activities.

The objective examination determined a statistically sig-
nificant negative impact on the objective health status of el-
derly PHCOPD patients: lower mean values of SaO2 and sta-
tistically significantly higher mean values of blood pressure, 
cardiac contraction frequency, and respiratory frequency. 
Patients with PHCOPD had significantly more frequent 
signs of respiratory system impairment caused by disease 
severity, hemodynamic alterations, and advanced age, such 
as peripheral edema, central cyanosis, forced body position, 
emphysematous ribcage, participation of the rib cage in the 
act of breathing, widening of the intercostal spaces during 
inspiration, active participation of additional respiratory 
muscles in the process of breathing, hypersonic percussive 
sound, decrease in pulmonary respiratory excursion, dif-
fuse dry rales, prolonged exhalation, and accentuation of 
the second sound over the pulmonary artery.

The complex geriatric evaluation outlined the repercus-
sions of PH and COPD on quality of life and independence. 
The mean values of the Katz, Lawton, and Hamilton anxiety 
scores, the Hamilton depression score, and the MMSE score 
indicate that the COPD group has a statistically higher prev-
alence of mild dependence or independence, the absence of 
anxiety and depression, and the absence of cognitive disor-
ders. Meanwhile, patients in the PHCOPD group had statis-
tically higher rates of moderate dependence, mild cognitive 
impairment, moderate anxiety, and moderate depression, 
confirming the impact of the complex COPD on their daily 
lives.

Clinical functional examination of elderly COPD patients 
found a moderate degree of COPD (types B and C were sta-
tistically significantly more frequent in patients from the 
COPD group). The severe and very severe degrees of type 
D COPD are statistically significantly more frequent in pa-
tients from the PHCOPD group, thus presenting the correla-
tion between the severity of COPD and hemodynamic disor-
ders in elderly COPD patients.

In the PHCOPD group, the multimodal approach to COPD 
revealed statistically significantly higher mean values of the 
CAT scale, SGRQ score, CCQ score, BODE index, and mMRC 
dyspnea scale; this suggests the impact of COPD on the 
health status, quality of life, and outcome. The statistical-
ly significantly higher mean value of the Borg scale in the 
COPD group of patients suggests that a physical exertion 
reserve is available.

The COPD group of patients had statistically significant-
ly more frequent values of 0 and the first dyspnea degree 
in the evaluation of patients according to the mMRC dysp-
nea scale, but the PHCOPD group of patients had statistical-
ly significantly more frequent second and third degrees of 
dyspnea.

The 6MWT test revealed that low exercise tolerance was 
statistically more common in the PHCOPD group and mod-
erate exercise tolerance was statistically more common in 
the COPD patient group.

Although chronic respiratory failure was diagnosed in 
all patients in the study groups, the first degree of chronic 
respiratory failure was statistically significantly more com-
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mon in the COPD group, but the second and third degrees of 
chronic respiratory failure were found to occur statistically 
significantly more often in the PHCOPD group of patients.

At the same time, the PHCOPD patients had more fre-
quent electrocardiographic changes characteristic of right 
heart damage with right ventricular hypertrophy and right 
atrial hypertrophy that occur because of PH and the elderly 
body’s reduced capacity to compensate for them.

Furthermore, the PHCOPD group of patients had statis-
tically more frequent echocardiographic changes character-
istic of right ventricular affection as a result of the PH sec-
ondary to the COPD.

Furthermore, the PHCOPD group had a statistically high-
er rate of inflammatory response syndrome in blood tests, 
as well as polycythemia, as a result of bronchial obstruction 
and its association with pulmonary hypertension. The pres-
ence of pulmonary hypertension and right atrial hypertro-
phy correlated with the increase in the value of natriuretic 
peptides (NT-proBNP), arguing the necessity of natriuretic 
peptides evaluation in geriatric patients as an informative 
and safe diagnostic method. Also, the level of natriuretic 
peptides correlated with the presence of ultrasonographic 
signs of right heart failure, such as dilation of the suprahe-
patic veins more than 10 mm, dilation of the inferior vena 
cava more than 20 mm, and venous congestion of the liver, 
a fact that once again recommends the application of the 
NT-proBNP marker in the diagnostic procedure of elderly 
patients with COPD complicated by PH.

Conclusions
1. The comparative complex geriatric evaluation of pa-

tients with COPD reveals the presence of the char-
acteristic symptoms in all the patients, but they are 
much more severe in those from the PHCOPD group, 
with a more significant impact on the quality of life 
and a greater deterioration of the assessed paraclin-
ical indices.

2. Arrhythmias, right ventricular hypertrophy, right 
atrial hypertrophy, and even right heart failure are 
more common in elderly patients in the PHCOPD 
group, which has a negative impact on quality of life, 
self-care capacity, physical effort capacity, and clini-
cal and paraclinical indices.

3. Pulmonary hypertension has a significant impact on 
the clinical aspects of elderly patients with COPD, a 
fact reflected in the scores of the complex geriatric 
assessment, the multidimensional assessment scales 
of COPD, and the 6-minute walk test. Also, the im-
pact can be confirmed by the data of the paraclinical 
laboratory examination, in which the inflammatory 
response syndrome and the increase in natriuretic 
peptides correspond to the data of the ultrasound ex-
amination of the heart and internal organs.

4. The significant negative impact of COPD on elderly 
patients argues for the need to assess each elderly 
patient’s functional estate at the time of admission 
for an opportune diagnosis of COPD.

5. The important impact of PH secondary to COPD re-
quires the mandatory implementation of new tech-
niques of PH diagnosis, like natriuretic peptides.
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