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Abstract. Circadian blood pressure profile in patients with chronic obstructive pulmonary disease and arterial
hypertension on baseline therapy. Konopkina L.1., Dziublyk Ya.O., Babets A.A., Shchudro O.0. The aim of the
study was to analyse the effect of a long-acting muscarinic antagonist and an inhaled corticosteroid on the circadian profile,
blood pressure (BP) variability, and circadian rhythm disturbances in patients with chronic obstructive pulmonary disease
(COPD) and concomitant arterial hypertension, based on ambulatory blood pressure monitoring (ABPM) data during long-
term use of these therapies. A total of 86 patients with COPD of GOLD stage Il and Il (Global Initiative for Chronic
Obstructive Lung Disease) and stage Il hypertension (men— 67 (77.9%), women— 19 (22.1%,), mean age— 62 (56, 74) years)
in a stable phase of the disease were examined. All patients received continuous combined antihypertensive therapy, which
remained unchanged for at least 6 months. Depending on the degree of bronchial obstruction and the type of inhalation
therapy, patients were divided into three subgroups: subgroup 1 included 34 patients with GOLD stage II airflow limitation
who received only a bronchodilator (tiotropium bromide 18 ug per day),; subgroup 2 included 23 patients with GOLD stage
11 airflow limitation who received both a bronchodilator (tiotropium bromide 18 ug/day) and an inhaled corticosteroid
(ICS) (beclometasone dipropionate 250 ug twice daily); subgroup 3 included 29 patients with GOLD stage Il airflow
limitation who received only a bronchodilator (tiotropium bromide 18 ug/day), despite indications for combined therapy.
All patients achieved target office blood pressure levels (<140/90 mmHg),; however, ABPM revealed elevated mean daily
blood pressure (>130/80 mmHg) in 60 out of 86 patients (69.8%), predominantly in subgroup 2 (p<0.05). At night, mean
diastolic blood pressure in subgroup 2 was 67 (57; 79) mmHg, higher than in subgroup 1 (60 (51; 69) mmHg, p<0.05).
Blood pressure variability also increased with severe bronchial obstruction: in subgroup 3, night-time systolic BP variability
reached 14 (13; 17) mmHg (p<0.05 vs. other groups). A normal circadian profile (“dipper”’) was observed in 25 patients
(41.7%), whereas pathological types were recorded in 35 patients (58.3%) — “non-dipper” and “night-peaker” in 33 cases
(94.3%) and “over-dipper” in 2 cases (5.7%). Disturbances in nocturnal blood pressure reduction were most frequent in
subgroup 2 (p<0.05). Thus, patients with COPD and clinically stable (medically compensated) concomitant hypertension
generally exhibit normal office blood pressure values. However, nearly 70% of such patients show elevated night-time blood
pressure according to ABPM. Patients receiving ICS for COPD therapy predominantly demonstrate pathological circadian
BP patterns (“non-dipper” and “night-peaker”), whereas a normal circadian BP pattern (“dipper”) is more frequent in
patients treated with a long-acting muscarinic antagonist as baseline COPD therapy (p<0.05). In patients with COPD and
concomitant hypertension, blood pressure should be monitored not only by office measurements but also using ABPM; in
cases of ABPM abnormalities, patients require dynamic follow-up by a cardiologist.
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Pedepart. 1o60Buii npodijib apTepiajbHOro TUHCKY B NALIEHTIB i3 XPOHIYHUM 00CTPYKTMBHHUM 3aXBOPIOBAHHSM
JlereHb Ta TrinepToOHIYHOI0 XBOp0o0o10 HAa Tiai 6a3ucHoi Tepamii. Kononkina JLI., [3100auk 51.0., Badeup A.A.,
Mlyapo 0.0. Memorw oocriddicenns 0y10 RpoaHanizysamu 6NIUG XOMHOMIMUKA mpuganoi Oii ma IHeanayiuHo2o
Kopmuxocmepoioa Ha 000608utl npoghins, eapiabenvricmes apmepianvroeo mucky (AT) ma yupkaoHi nopywieHHs: y X60pux
Ha XpouiyHe 0OCMPYKMUBHE 3AXBOPIOGANHS JIe2eHb 13 CYNYMHBbOIO 2INePMOHIYHOI0 X80po00I0 3a Oanumu 00008020
MoHimopuney apmepianvioco mucky (AMAT) npu mpuganomy ix zacmocyeanui. Byno obcmedsiceno 86 xgopux wna
XpoHiune obcmpykmusHe 3axeoproganns nezetv (XO3JI) 3 II ma Il cmynenem seHmunayitinux nopyuiens 3a Kiacugi-
kayito GOLD (Global Initiative for Chronic Obstructive Lung Disease) i3 cinepmoniunoio xeopoboro (I'X) 1l cmadii
(wonogixie — 67 (77,9%), acinox — 19 (22,1%), cepeoniti 6ix — 62 (56, 74) poxu) y cmabireny ¢hazy namono2iunozo
npoyecy. Vci nayiecumu nocmitino nputimMany KoOMOIHO8AHY AHMUSINEPIMEH3USHY MePanilo, Wo 3aIUUANAcCa He3MIHHOIO
woHatimeHwe 6 micayis. 3anexicHo 6i0 cmyneHs OPOHX00OCMPYKYii ma eudy ineanayiliHoi mepanii nayieHmis
Ppo3nodinunu Ha mpu nioepynu. 00 nioepynu 1 ysiiuino 34 nayienmu 3 I cmynenem senmunsyitinux nopyuierv 3a GOLD,
KL nputimanu auuwe oporwxoounssmamop (miomponito 6pomio 18 mxe/006y); oo nidepynu 2 — 23 nayieumu 3 11l cmynenem
senmunsyiunux nopywens 3a GOLD, sxi nputivanu sk dporxodunsmamop (miomponiio 6pomio 18 mxe/000y), max i
iHeanayiunui entoxokopmuxocmepoio (IKC) (bexnomemasorny ounponionam no 250 mxe/000y 06iui na 006y); 0o nio-
epyna 3 — 29 nayieumig 3 11l cmynenem 6eHmMunAyitiHuX NOPYuierb, SKI NPUUMATU auiie OPOHX00UIAMAamop (miomponiio
bpomio 18 mxe/000y), nonpu nokasauus 00 kombinosanoi mepanii. 3a ogicnum AT yci nayienmu docseanu yintbosux
pisHis (<140/90 mm pm. cm.), npome 3a oanumu JJMAT 6 60 3 86 oci6 (69,8%) eussneno nioguuerts cepedHbo00008UX
snauerv AT (>130/80 mm pm. cm.), nepesadicno 6 nioepyni 2 (p<0,05). V niunuil yac cepeons seruyuna 0iacmoniuHo2o
AT 6 nioepyni 2 cmanosuna 67 (57; 79) mm pm. cm. i 6yna euworo, Hixe y nioepyni 1 (60 (51, 69) mm pm. cm.; p<0,05).
Bapiabenvuicmoe AT makodc 3pocmana npu maxckiti Oponxoobcmpyxyii: y nioepyni 3 umiuna eapiabenvHicms cucmo-
aiynoeo AT oocsieana 14 (13; 17) mm pm. cm. (p<0,05 nopigusno 3 inwumu epynamu). Hopmanvnui yupxaouuii npogine
«dippery siosnauascsy 25 (41,7%) nayicumie, mooi six y 35 (58,3%,) zaghikcosano namonoeiuni munu («non-dippery ma
«night-peaker» — 33 (94,3%) eunaoku, «over-dipper» — 2 (5,7%) sunaoxku). Hatiuacmiwie nopyutents HiuH020 3HUNCECHHS
AT mpanasiucs 6 nioepyni 2 (p<0,05). Taxum uunom, y xeopux na XO3JI i3 kniniuno cmadinoHum (MeOUKAMEHMO3HO
KOMNneHco8anum) nepebicom komopoionoi I'X 3azeuuaii cnocmepiearomscs HOpmaivhi nokasHuku ogicnozo AT. Matioce
6 70% xeopux Ha XO3JI i3 KaiHiuHO cmabitbHuM (MeOUKAMEHMO3HO KOMNEHCO8aHUM) nepebicom komopoionoi I'X 3a
oanumu JIMAT cnocmepicacmucs nioguwenns piensa AT 6 niunuil nepioo uacy. ¥V nayieumis, wo npuiimaiome IKC ons
aikyeanusi XO3J1, oominyrome namonociyni yupxaoui pummu AT «non-dippery ma «night-peakery»; nopmanorui mun
yupxaonoeo pummy AT «dippery uacmiwe cnocmepicacmvcsa 6 nayienmis, wo 8 axocmi dasucuoi mepanii XO3JI
npuiimaioms xoninoaimux mpueanoi oii (p<0,05). V xeopux na XO3JI i3 komop6ionorw I'X crio koumponosamu AT He
Juule WAAXoM 8UMIPH08AHHA 0gicho2o pieHa nokasuuxa, a u 3a oanumu JIMAT; npu nassnocmi nopywerv AT 3a JIMAT
nayienmu nompebyioms OUHAMIYHO20 CIOCIEPEICEHHSL KapOioA020M.

One of the key challenges in the management of
patients with chronic obstructive pulmonary disease
(COPD) is the presence of comorbid conditions that
may, through multiple mechanisms, influence the
course of the primary disease. Conversely, medica-
tions used by patients for the treatment of COPD may
affect the course of comorbidities, potentially leading
to their decompensation.

Among the comorbidities most frequently observed
in patients with COPD is arterial hypertension (AH),
which, according to population-based studies, is
reported in 50-70% of cases [1, 2]. The presence of
such comorbidity may aggravate the overall condition
of patients, impair gas exchange, and increase the risk
of developing cardiovascular complications [3, 4].
This necessitates monitoring not only the effectiveness
of COPD pharmacotherapy but also its cardiovascular
safety, particularly during long-term drug use.

The presence of AH in patients with COPD sig-
nificantly complicates patient management, as both
diseases share interrelated pathophysiological mecha-
nisms of development and progression. These include
chronic systemic inflammatory response, oxidative
stress, activation of the sympathoadrenal system,
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endothelial dysfunction, and vascular remodelling [5,
6]. In addition, these patients exhibit an increased
prevalence of disturbances in the circadian rthythm of
blood pressure (BP), which is associated with a higher
risk of cardiovascular complications [7, 8].

Ambulatory blood pressure monitoring (ABPM)
is recognised as the “gold standard” for assessing
hypertension control, determining the type of circa-
dian BP profile, including its variability, identifying
nocturnal hypertension, and recording atypical cir-
cadian patterns (“non-dipper”, “over-dipper”, “night-
peaker”) [9]. It should be noted that, according to a
multicentre clinical study by Yang W. et al., distur-
bances of the circadian blood pressure profile in
patients with respiratory pathology are associated
with higher mortality, in contrast to clinical situations
with isolated elevation of office BP only [10].

It is well known that inhalation therapy, which
forms the cornerstone of treatment for patients with
COPD, may have varying effects on systemic haemo-
dynamics. It has been demonstrated that both short-
acting and long-acting P,-agonists (LABA) can fre-
quently cause a significant increase in heart rate,
whereas long-acting muscarinic antagonists (LAMA),
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in particular tiotropium bromide, have only minimal
systemic cardiac effects [11]. Inhaled corticosteroids
(ICS) have garnered particular attention from re-
searchers: despite their primarily local action, a
fraction is absorbed into the systemic circulation,
where it may influence adrenal function, vascular
tone, and metabolic processes [12]. According to the
results of international clinical trials, the use of ICS
in combination with bronchodilators by COPD
patients leads to improved lung ventilatory function
and reduced frequency of COPD exacerbations;
however, it may also influence the occurrence of
cardiovascular events [13, 14, 15].

Despite the large number of studies devoted to the
efficacy and safety of pharmacotherapy for COPD,
only a limited number have focused on the impact of
inhalation therapy on BP parameters, particularly in
patients with concomitant AH. Some publications
report the potential for elevated nocturnal BP in
patients receiving ICS, although these findings
require further clarification [16, 17, 18]. On the other
hand, research results indicate a possible reduction in
hypertensive load against the background of broncho-
dilator therapy, owing to improved lung ventilatory
function, reduced hypoxia, and secondary normali-
sation of neurohumoral activity [19, 20].

Thus, investigating the effect of inhalation therapy
(inhaled bronchodilators and ICS) on ABPM pa-
rameters is not only scientifically justified but also of
practical importance for optimising the management
of patients with COPD and concomitant AH.

The aim of this study was to analyse the effect of
a long-acting muscarinic antagonist and an inhaled
corticosteroid on the circadian blood pressure profile,
blood pressure variability, and circadian rhythm
disturbances in patients with chronic obstructive pul-
monary disease and concomitant arterial hyperten-
sion, based on ambulatory blood pressure monitoring
data during long-term use of these therapies.

MATERIALS AND METHODS OF RESEARCH

A total of 86 patients with COPD with stage II and
III ventilatory impairment according to the GOLD
(Global Initiative for Chronic Obstructive Lung
Disease) classification and stage II AH were exa-
mined (67 men (77.9%), 19 women (22.1%), middle
age 62 (56; 74) years). The study was conducted
between 2018 and 2021.

The clinical diagnosis of COPD was established in
accordance with national [21] and international guideli-
nes [22]. The clinical diagnosis of AH was established
in accordance with the current national protocol [9].

Patients were eligible for inclusion if they met the
following criteria:

1) age over 40 years;

2) confirmed diagnosis of COPD;
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3) scheduled use of ICS and/or LAMA for at least
the last 6 months;

4) presence of stage Il or III ventilatory impair-
ment at the time of examination;

5) confirmed diagnosis of stage Il AH;

6) scheduled use of antihypertensive medications
for BP stabilisation for at least the last 6 months;

7) signed informed consent to participate in the
study and for the processing of personal data.

Patients were excluded from the study if they had
any of the following:

1) decompensation of any comorbid condition;

2) infectious exacerbation of COPD at the time of
examination or within the previous 6 months;

3) use of LABA during the last 6 months;

4) presence of severe comorbid cardiovascular
pathology that could mask or distort the clinical
manifestations of COPD;

5) hypertensive crises within the last 6 months;

6) pulmonary thromboembolism at the time of
examination or documented in the medical history;

7) presence of other chronic respiratory diseases
in medical history (bronchial asthma, idiopathic
pulmonary fibrosis, cystic fibrosis, etc.);

8) oncological disease.

At the stage of patient enrolment, complaints were
collected; medical history data regarding both COPD
and AH were assessed; the volume of prescribed
inhalation pharmacotherapy for COPD was evaluated
(according to the degree of ventilatory impairment,
severity of clinical symptoms, and the number and
severity of COPD exacerbations during the year
preceding the initiation of planned therapy); the
actual COPD therapy received by the patients during
at least the last 6 months was assessed; the effecti-
veness of inhalation pharmacotherapy for COPD
(ICS and/or LAMA) was analysed based on clinical
symptoms and spirometric parameters; the volume of
antihypertensive therapy was assessed; the patients’
objective clinical status and the results of general
clinical examinations were also evaluated.

Since all patients had the same stage of AH and
were receiving comparable antihypertensive therapy
for BP control, the distribution into subgroups was
based solely on the actual COPD maintenance thera-
py received and the achieved treatment effectiveness.
Thus, the patients were divided into three subgroups.

Subgroup 1 included 34 patients (29 men (85.3%),
5 women (14.7%), middle age 57 (53; 61) years) who,
at the time of initiation of therapy, required only a
bronchodilator (did not require ICS and had never
received it), as they had stage Il ventilatory impairment
of obstructive type according to the GOLD clas-
sification (50% of predicted <FEV<80% of predic-
ted) [22]. All patients were prescribed a LAMA
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(tiotropium bromide — 18 pg per day), which they had
been taking continuously for at least 6 months. At the
time of enrolment, the median FEV; level also
corresponded to stage Il ventilatory impairment
according to GOLD (see below).

Subgroup 2 included 23 patients (16 men (69.6%),
7 women (30.4%), middle age 60 (54; 65) years) who,
at the time of initiation of therapy, required both ICS and
a bronchodilator, as they had stage III ventilatory
impairment of obstructive type according to the GOLD
classification (30% of predicted <FEV<50% of predic-
ted) [22]. All patients were prescribed combination
therapy consisting of ICS (beclometasone dipropionate
250 pg twice daily) and a LAMA (tiotropium bromide
— 18 pg per day). After at least 6 months of continuous
therapy, the patients achieved a mean FEV; level
corresponding to stage I obstructive ventilatory impair-
ment according to GOLD (see below).

Subgroup 3 included 29 patients (22 men (75.9%),
7 women (24.1%), middle age 64 (55; 67) years) who,
at the time of initiation of therapy, required both ICS
and a bronchodilator, as they had stage 11l ventilatory
impairment of obstructive type according to the GOLD
classification (30% of predicted <FEV;<50% of
predicted) [22]. As in the previous subgroup, all pa-
tients were prescribed combination therapy consisting
of ICS (beclometasone dipropionate 250 pug twice
daily) and LAMA (tiotropium bromide — 18 ug per
day); however, for various reasons, during at least 6
months they received only bronchodilator therapy and
did not take ICS. This was due to poor treatment
adherence, refusal of ICS because of concerns about
adverse effects and/or financial constraints. Thus, the
formation of this subgroup was not a result of targeted
selection but rather reflected the real-world clinical
situation of insufficient adherence to prescribed
therapy. After the completion of the study assessments,
all patients underwent a follow-up consultation and
were once again advised on appropriate combination
therapy in accordance with current clinical protocols.
At the time of enrolment, the median FEV| level still
corresponded to stage III obstructive ventilatory im-
pairment according to GOLD (see below).

The subgroups were comparable with respect to
age and sex (p>0.05).

With regard to stage Il arterial hypertension, all
patients were on continuous combination antihyper-
tensive therapy (either perindopril/indapamide, losar-
tan/hydrochlorothiazide, or wvalsartan/hydrochloro-
thiazide). The therapy had remained unchanged for at
least 6 months. Against this background of antihyper-
tensive treatment, the patients remained clinically
stable and, according to the results of home BP
monitoring performed during daytime, achieved
target blood pressure levels (<135/85 mmHg) [9].
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The examination of patients included general
clinical methods (collection of complaints, medical
history, and physical examination), as well as asses-
sment of lung ventilatory function by computerised
spirometry with measurement of the flow-volume
loop using a Master Screen Body/Diff device (Jager,
Germany) in the morning on an empty stomach after
30 minutes of rest. Analysis of the spirometric results
was performed in accordance with international [23]
and national [24] standards.

To assess cardiovascular safety, specifically the
effect of inhalation pharmacotherapy for COPD (ICS
and/or LAMA) on BP levels, patients underwent
office BP measurements as well as ABPM.

Office BP measurement was performed using a
mechanical sphygmomanometer with an upper-arm
cuff. ABPM was conducted using the oscillometric
method with an ABPpro device (IMESC LLC,
Ukraine); the monitoring period lasted 24-27 hours.
A standard adult cuff was used, with a deflation rate
of 5 mm Hg/sec. The interval between measurements
was 15 minutes during the active daytime period
(07:00 to 23:00) and 30 minutes during the night-time
rest period (23:00 to 07:00).

The main parameters assessed by ABPM were:

- mean systolic blood pressure (SBP) and diastolic
blood pressure (DBP) values during daytime and night-
time periods, which allow evaluation of the baseline
level of haemodynamics and the degree of BP control;

- SBP and DBP variability, which is an important
indicator of BP stability throughout the period and is
associated with the risk of complications;

- time indexes (TI), which characterise the total
number of episodes exceeding the reference BP
values during daytime and night-time periods, as well
as the daily index, by means of which circadian
rhythm disturbances could be assessed.

The clinical study was approved by the Bioethics
Committee of Dnipro State Medical University
(Protocol No. 4 dated 25 October 2017) and was con-
ducted with written informed consent from all parti-
cipants, in accordance with the principles of bioethics
outlined in the Declaration of Helsinki (Ethical Prin-
ciples for Medical Research Involving Human
Subjects) and the “Universal Declaration on Bio-
ethics and Human Rights” (UNESCO).

The obtained results were processed using standard
methods of variation series analysis, including
calculation of the median (Me) with upper and lower
quartiles (25%; 75%). To compare quantitative varia-
bles in unrelated samples with non-normal distri-
bution, the Kruskal-Wallis test was used; when a
statistically significant difference was detected by this
test, Dunn’s post hoc test was applied to identify
between which medians the difference was significant.
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For comparison of quantitative variables in related
samples, the Wilcoxon signed-rank test was used.
For qualitative wvariables in unrelated samples,
Pearson’s y? (chi-squared) test of independence was
applied, including Yates’ correction for continuity
when values were close to 0. Differences between
the compared values were considered statistically
significant at p<0.05. Calculations were performed
using Statistica 6.1 software (StatSoft, USA,
No. 31415926535897) [25].

RESULTS AND DISCUSSION

When evaluating the clinical effectiveness of
inhalation therapy in patients with COPD, we found
that the use of LAMA (tiotropium bromide) as mono-
therapy for at least 6 consecutive months resulted in
a reduction in the severity of dyspnoea and cough and
an overall improvement in patients’ quality of life,
although lung ventilatory function parameters chan-
ged insignificantly (p>0.05). This observation ap-
plied to patients with stage Il ventilatory impairment

according to GOLD (subgroup 1) as well as those
with stage III ventilatory impairment according to
GOLD (subgroup 3) at the stage of initiation of
pharmacological therapy (Table 1).

The use of combination therapy including ICS and
LAMA (beclometasone dipropionate =+ tiotropium
bromide) (subgroup 2) promoted a better restoration
of lung ventilatory function, which was characterised
by a statistically significant increase in FEV, levels:
prior to the initiation of therapy, the severity of
bronchial obstruction in these patients corresponded
to stage III according to GOLD, whereas after at least
6 months of treatment it corresponded to stage II
according to GOLD (Table 1). It should be em-
phasised, however, that the marked improvement in
spirometric indices in this subgroup of patients does
not imply that ICS should be discontinued; rather, it
indicates that ICS-containing combination therapy is
effective for treating this category of patients and
should be continued.

Table 1

Dynamics of Lung Ventilatory Function Parameters
in Patients with COPD during Inhalation Pharmacotherapy, Me (25%;75%)

Subgroups of patient

Seq 1 (n=34) 2 (n=23) 3 (n=29)
: Parameters
No.
before at the stage before at the stage before at the stage
initiation of study initiation of study initiation of study
of therapy enrolment of therapy enrolment of therapy enrolment
56 60 45 54 41 44
o .
1. FEVy % ofpredicted value 5, )) (55; 67) (42; 49) (51; 59)* (35; 46) (32; 47)
. 0.44 0.45 0.41 0.44 0.38 0.40
2. FEVJ/FVC ratio (0.40;0.48)  (0.41;0.49)  (0.37;0.45)  (0.39; 0.48) (032;0.42)  (0.33; 0.44)

Note. * —p<0.05 according to the Wilcoxon signed-rank test.

When analysing office blood pressure levels, it
was found that all examined patients had achieved
target BP levels (for office BP, the target level is
<140/90 mmHg [9]). In contrast, analysis of ABPM
data revealed that in the vast majority of patients with
COPD and comorbid arterial hypertension (60 out of
86 patients (69.8%)), target BP levels were not
achieved (for ABPM, <130/80 mmHg [9]), with the
largest proportion of such patients belonging to
subgroup 2 (p<0.05) (Fig. 1). Thus, only ABPM
results of patients with elevated BP levels were
selected for further analysis — a total of 60 indivi-
duals: 20 (33.3%) from subgroup 1, 21 (35.0%) from
subgroup 2, and 19 (31.7%) from subgroup 3.
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The mean SBP and DBP values during the active
daytime period were comparable across patient
subgroups (p>0.05). However, at night, the mean DBP
value in subgroup 2 was statistically significantly higher
than in subgroup 1 (p<0.05) and did not differ from the
level observed in subgroup 3 (p>0.05) (Table 2).

According to our analysis, during the active
daytime period, the medians of SBP and DBP
variability did not exceed the reference values and
were comparable across all patient subgroups
(p>0.05). In contrast, during the night-time period,
the medians of SBP and DBP variability in subgroup
3 were significantly higher than in subgroups 1 and 2
(p<0.05), exceeding the reference values (Table 2).
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0 —pi < 0.05 between subgroups according to the 2 (chi-squared) test; * — p,3 < 0.05 between subgroups according to the y? (chi-squared) test.

Fig. 1. Prevalence of elevated BP according to ABPM data in patients with COPD and comorbid AH

The number of episodes of elevated BP, as asses-  during the night-time period, these parameters in
sed by SBP and DBP time indexes, was similar across  subgroup 1 were significantly lower than in subg-
patient subgroups during the active daytime period roups 2 and 3 (p<0.05) (Table 2).
and remained within the reference range. In contrast,

Table 2
Levels of ABPM Parameters in Patients with COPD and Comorbid AH, Me (25%; 75%)
Subgroups
Ne Reference
Parameters p
3/m values
1 (n=20) 2 (n=21) 3 (n=19)
1. Mean SBP (daytime), mmHg <135 126 132 128 >0.05
(119; 145) (123; 139) (124; 143)
2. SBP variability (daytime), mmHg <15 10 11 9 >0.05
(8;12) (8;12) (8;13)
3. Mean SBP (night-time), mmHg <120 110 114 109 <0.05
(105; 123) (104; 125) (106; 122)
4. SBP variability (night-time), mmHg <15 10 10 14 <0.05
(7; 12) (7; 11) 13;17)*
5. Mean DBP (daytime), mmHg <85 70 75 67 >0.05
(65; 73) (63; 89) (625 76)
6. DBP variability (daytime), mmHg <14 9 10 10 >0.05
(65 11) 8;12) (7;12)
7. Mean DBP (night-time), mmHg <70 60 67 63 <005
(51; 69) (57; 79)= (53; 71)
8. DBP variability (night-time), mmHg <12 8 9 13 <0.05
(5; 10) (8;11) (10; 15)*
9. TI of SBP (daytime), % <25 15.4 22.6 23.7 >0.05
(9.2;29.4) (15.7; 37.5) (11.8; 33.3)
10. TI of SBP (night-time), % <25 27.4 46.7 34.9 <0.05
(13.7; 36.6) (22.1; 61.2)x (16.8; 49.8)
11. TI of DBP (daytime), % <15 7.4 10.9 11.9 >0.05
(5.9;10.3) (5.7;13.6) (7.2;17.4)
12. TI of DBP (night-time), % <15 23.5 44.1 33.8 <0.05
(10.1; 37.9) (22.1; 59.8)x (37.7; 77.4)*

Notes: p —between subgroups according to the Kruskal-Wallis test; @ — p;., < 0.05 between subgroups according to Dunn’s post hoc test; * — p,.; < 0.05
between subgroups according to Dunn’s post hoc test.

25/TOMM3 157



MEAIIIHA

Thus, while office BP measurements in patients
with COPD and comorbid AH receiving antihyper-
tensive therapy demonstrated stabilisation of BP with
achievement of target levels, ABPM data revealed
haemodynamic disturbances in nearly 70% of
patients. Although the haemodynamic profile during
the active daytime period was stable regardless of the
degree of bronchial obstruction and the type of COPD
pharmacotherapy (ICS and/or LAMA), during the
night-time period patients with severe bronchial
obstruction (stage III according to GOLD) exhibited
a marked increase in BP variability. This may be
associated with progressive hypercapnia and
hypoxaemia occurring specifically at night, which in
turn affects sympathoadrenal system activity [12, 17,
20]. In patients with less severe bronchial obstruction
(stage II according to GOLD), BP variability did not
exceed the reference range; however, those receiving
ICS (subgroup 2) more frequently demonstrated

100%
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increased hypertensive load, which may be related to
the partial systemic effect of ICS.

When analysing the daily BP profile according to
the degree of nocturnal SBP and DBP reduction, we
found that the normal circadian BP type “dipper” was
observed in 41.7% of cases overall — in 25 out of
60 patients, including 10 patients each from sub-
groups 1 and 3 and 5 patients from subgroup 2 (Fig. 2).

A pathological circadian BP rhythm was observed
in the majority of the patients examined (35 out of 60
(58.3%)): the predominant types were hypertensive
daily BP profiles — “non-dipper” or “night-peaker” (in
33 patients (94.3%)), whereas excessive nocturnal BP
reduction (“over-dipper” type) was found in only
2 patients (5.7%) (p<0.05).

Subgroup analysis showed that the circadian BP
types “non-dipper” and “night-peaker” were most
frequently observed in subgroup 2 (p<0.05) (Fig. 2).

[ s.3% [

3(n=19)

u "Over-dipper"

p<0.05 — between subgroups according to the x? (chi-squared) test.

Fig. 2. Circadian BP types according to ABPM data in patients with COPD and comorbid AH

Thus, in patients with COPD and comorbid AH,
various circadian rhythm types of the daily BP profile
were observed. In patients receiving ICS as part of
their maintenance COPD therapy, disturbances of the
daily BP profile (“non-dipper” or “night-peaker”)
occurred more frequently, which may indicate a
systemic effect of these drugs and highlight the need
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for BP monitoring not only during the daytime but
especially at night.

Our findings indicate that in most patients with
COPD and comorbid AH, despite achieving target
office BP values while receiving maintenance anti-
hypertensive therapy, ABPM data demonstrate
insufficient BP control, particularly during the
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night-time period. The discrepancy between office
and BP measurements highlights the necessity of
performing ABPM at least once a year or when
inhalation therapy is modified in this patient ca-
tegory, since nocturnal hypertension and atypical
circadian BP patterns are associated with increased
cardiovascular risk.

The most pronounced disturbances of the daily
BP profile in patients with COPD, particularly
elevated nocturnal BP values and increased hyper-
tensive load, are observed in patients receiving
ICS-containing therapy. This is consistent with the
literature data on the potential systemic effects of
ICS, which may contribute to increased vascular
tone, worsening of metabolic changes, and disrup-
tion of circadian rhythm regulation [16, 17, 18].

Our clinical study expands the understanding of
the potential cardiohaemodynamic consequences of
inhalation pharmacotherapy for COPD, particularly
under conditions of ICS and/or LAMA use.

In patients with severe bronchial obstruction
(stage III according to GOLD), increased BP varia-
bility and time indexes were observed during the
night-time period. This is likely due to the intensifi-
cation of hypoxia and hypercapnia in this cohort of
patients, particularly at night, which affects
sympathoadrenal system activity and leads to im-
paired vascular reactivity. It cannot be excluded that
in some patients with severe obstruction, pulmonary
hypertension develops, which has its own pathoge-
netic mechanisms. According to M.M. Dolzhenko
[26], pathological daily BP profile types (“non-
dipper” and ‘“night-peaker”) are most frequently
observed in patients with pulmonary hypertension,
which is consistent with our findings and confirms the
role of chronic respiratory pathology in the develop-
ment of circadian BP regulation disorders.

At the same time, in patients with COPD and
stage II bronchial obstruction according to GOLD
who receive LAMA therapy, the physiological
circadian BP profile type — “dipper” — is more
frequently observed. This is most likely due to
better lung ventilatory function, less pronounced
hypoxic impact, and more balanced neuro-
humoral regulation.

Thus, the combination of COPD and AH
requires not only a personalised approach to the
prescription of COPD inhalation therapy according
to the degree of bronchial obstruction, but also
consideration of the potential impact of this therapy
on the daily BP profile. Consequently, performing
ABPM in this patient category ensures timely
diagnosis of latent uncontrolled BP, detection of

25/Tom XXX/3

atypical circadian BP patterns, and enables identifi-
cation of patients at high risk of cardiovascular
events, allowing for timely adjustment of both
COPD and antihypertensive therapy.

CONCLUSIONS

1. In patients with chronic obstructive pulmonary
disease and clinically stable (pharmacologically
compensated) comorbid arterial hypertension, office
blood pressure parameters are generally within the
normal range.

2. In nearly 70% of patients with chronic ob-
structive pulmonary disease and clinically stable
(pharmacologically compensated) comorbid arte-
rial hypertension, ambulatory blood pressure
monitoring reveals elevated blood pressure levels
during the night-time period.

3. Among patients receiving inhaled corticoste-
roids for the treatment of chronic obstructive pulmo-
nary disease, pathological circadian blood pressure
rhythms — “non-dipper” and “night-peaker” — predo-
minate, whereas the normal “dipper” pattern is obser-
ved more frequently in those receiving long-acting
muscarinic antagonist therapy as maintenance treat-
ment for chronic obstructive pulmonary disease (p <
0.05). These findings underscore the need for further
research to optimise chronic obstructive pulmonary
disease management in patients with arterial hyper-
tension, with particular consideration of its impact on
circadian blood pressure regulation.

4. In patients with chronic obstructive pulmonary
disease and comorbid arterial hypertension, blood pres-
sure should be monitored not only by office measu-
rements but also by ambulatory blood pressure moni-
toring. In the presence of blood pressure abnormalities
detected by ambulatory blood pressure monitoring,
patients require dynamic follow-up by a cardiologist.
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