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Objective — This study aims to test the hypothesis of a cholinergic phenotype in
asthma, which is characterized by increased vagal tone and heightened sensitivity
to anticholinergic drugs. Primary care physicians regularly treat patients with
asthma, and current recommendations are based on a classic step-by-step
approach to inhaled therapy. While this method has clear advantages, it fails to
consider the various phenotypes of asthma, which differ in their underlying
mechanisms and thus influence patients' responses to specific medications. A
phenotype-based approach to asthma therapy appears promising, particularly in
relation to the autonomic nervous system (ANS), as the main classes of asthma
medications exert their effects through this system.

Material and Methods. We examined 60 patients whose asthma remained
uncontrolled despite using a combination of inhaled corticosteroids and long-
acting beta-agonists. Among these patients, 44 were male with a mean age of
35.6 £ 4.4 years, and 16 were female with a mean age of 38.1 + 5.8 years. The
control group consisted of 30 healthy subjects (HS) with a mean age between 35
and 65 years (23 males and 7 females). After introducing a long-acting
muscarinic antagonist into their treatment, asthma control improved in 29 of the
40 patients (72.5%). We analyzed the state of the ANS based on short-term heart
rate variability (HRV) data obtained using a single-channel chest ECG sensor
Polar H10 (Polar Electro Oy, Finland). HRV parameters were calculated using
Kubios HRV Scientific software version 3.5.0, applying both time-domain and
frequency-domain methods. These included the square root of the variance of R-
R intervals, the square root of the mean square of differences between consecutive
R-R intervals, as well as measures in very low frequency, low frequency, high
frequency, normalized low frequency, normalized high frequency, and their
ratios.

Results. A strong correlation (p = 0.814) was observed between parasympathetic
activity (indicated by high HRV frequency) and the effectiveness of the patients’
response to the muscarinic antagonist, as determined by the Asthma Control
Questionnaire and spirometry. Patients exhibiting high parasympathetic activity
generally showed better asthma control when treated with muscarinic
antagonists.

Conclusions. These findings support the concept of a cholinergic phenotype in
asthma. Family physicians can utilize short-term HRV assessments to evaluate
the ANS state and predict the effectiveness of anticholinergic drugs in asthma
patients.

IIEPEBIPKA I'lTIOTE3H IO/10 XOJIITHEPI'T9HOI'O ®EHOTHIIY ACTMH

Bucouuna LJL., bepesyyvkuii I.B.

Knrouosi cnosa: 6ponxianvha
acmma, aHmazoHicmu
MYCKAPUHOBUX peyenmopie
mpuganoi 0ii, sapiabenrvHicme
cepyeso2o pummy, 6ecemamueHa
Hepeosa cucmema, cimelina
npaKmuxa.

bykosuncokuti meduunuil 8iCHUK.
2026. T. 30, N2 2 (118). C. 3-11.

Mema pobomu — nepesipumu 2inome3sy X0aiHepeiuHO20 PeHOMUNY acmmu, AKuil
Xapakmepusyemvcs niOSUWEHUM MOHYCOM ONYKA4020 Hepea ma Hymiugoo
peakxyiclo Ha awmuxoainepeiuni npenapamu. Jlikapi nepeunnoi MmeouuHol
donomo2u wjo0eHHO Mmaroms cnpagy 3 nayienmamu 3 acmmoro. Cyuyachi
peKomeHOayii TPYHMYIOMbCA HA KIACUYHOMY CXIO4ACMOMY NIAHI [H2anaAyiuHol
mepanii. Xoua yeil nioxio mae 0ueBUOHI nepesacu, 8iH He 8pPAXOBYE PIZHUX
¢denomunie acmmu. ILfi penomunu GiOpisHAIOMbCA  CBOIMU  OCHOBHUMU
MexanizMamu, AKi 6NIUAIOMb Ha me, AK NAYiEHmu peaz2yioms Ha KOHKPEeMmHI IKU.
Iamozenemuunuti nioxio (na ocnogi ghenomuny) 0o mepanii acmmu UOAEMbC
NepCneKmusHUM, 0COOIUBO 3 YPAXYBAHHAM CMAHY ABMOHOMHOI HEpBOol
cucmemu (AHC), 60 came uepes nei 30CHIOIOMb CBIL BNIUE OCHOBHI 2pynu
npenapamie 8i0 acmmu.
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Mamepian i memoou. Obcmedxceno 60 nayienmis, acmma AKkux Oyia
HEKOHMPOIbOBAHOIO Ha mai nputiomy KomMOiHayii  ineanayitiHux
Kopmuxocmepoiois ma f-aeonicmie mpueanoi 0ii. Yonosixie oyno 44, cepeonit
6iK (35.6%4.4) pokis, sacinok - 16, cepeoniu eix (38.1£5.8) poxie. [lo epynu
xkoumpomo yeitiuinu 30 ymoeno 300posux ocib6 eikom 6i0 35 0o 65 poxie (23
yonogiku ma 7 xcinox). Ilicis 66edentss MyCKapuH08020 GHMA2OHICMA MPUBANLOL
0ii 0o cxemu NIKY8aHHA KOHmMpolb acmmu nokpawuscs y 29 iz 40 nayicumie
(72,5%). Mu ananizyearnu cman AHC 3a  Oanumu  KOpOMKOYACHOT
sapiabenvrnocmi  cepyesoco pummy (BCP) 3a oonomoecorwo Haepyono2o
oO0HokaHanwHo2o  exe-Ooamuuxa Polar HI0 (Polar Electro Oy, Finland).
Po3spaxynox noxasnuxie BCP suxonysasca y npoepamnomy sabesneuenni Kubios
HRYV Scientific eepcii 3.5.0. /[na ananizy BCP mu 6ukopucmogysanu memoou saxK
4Aco80i, MAK i YacMOMHOI 30HU: K8AOpamHull KOpius i3 oucnepcii inmepsainis R-
R, xeadpammuuii xopine i3 cepeOHbOK8AOpAMUUHUX PI3HUYL NOCAIO0BHUX
inmepeanie R-R, dyorce nusvka uacmoma, nuzvka yacmoma, 6UcoKa 4acmomad,
HOPMANI306aHA HU3bKA YACWOMA, HOPMANI306aHA 6UCOKA Ydacmoma ma ix
CNi8BIOHOUIEHHS.

Pezynomamu. Busgnena cunbna  Kopenayis  Midc — napacuMnamuyHoio
akmusHicmio  (sucoxa uyacmoma BCP) ma cunorw peaxyii nayiemmis Ha
myckapunogui  aumaeonicm (p = 0.814), wo eusnauanacs 3a Oanumu
ONUMYBANbLHUKA KOHMPONIo acmmu ma chipomempii. Ilayienmu 3 6ucoxoio
napacuMnamuyHoI0 aKmueHiCmio OeMOHCMPYBANU Kpawjuli KOHMPOLb ACmMU
npu AiKY8aHHI MYCKAPUHOBUMU AHIMALOHICMAMU.

Bucnoexu. Pezyremamu  niomeepodxcyroms — KOHYenyilo  XONIHepeiuH020
Genomuny npu acmmi. Civelini J1ikapi  MoXCYmb  BUKOPUCMO8YBAMU
kopomxouacry BCP ons oyinku cmany AHC ma npoeno3yeants eghekmusHocmi
AHMUXONIHEP2TYHUX NPEenapamie nayieHmam iz acmmoro.

Introduction. Effectively managing asthma in primary
care settings can be challenging due to various factors that
lead to inadequate control. To address this issue, it is
essential to identify the reasons behind the ineffectiveness
of triple inhaler therapy (TIT). Current asthma
management guidelines recommend adding long-acting
muscarinic receptor antagonists (LAMAS) when the
combination of inhaled corticosteroids (ICS) and
prolonged long-acting beta-2 agonists (LABAS) is not
sufficient [1]. Recent studies indicate that TIT is effective
in more than two-thirds of cases [2]. The necessity to
enhance the effectiveness of TIT has become clear, leading
to an increasing recommendation for its use in patients with
moderate persistent asthma [3]. Between 2024 and 2025,
researchers focused on patients whose asthma was not
well-controlled with the combination of ICS and LABAsS,
but the addition of a LAMA solved the problem [4].

The analysis of this patient group aimed to identify
predictors of the effectiveness of TIT, specifically the
effectiveness of LAMAs. The results concluded that
LAMAs were particularly effective in patients with high
bronchial hyperreactivity and persistent airway limitations
[5]. These are indirect, but quite obvious signs of increased
activity of the parasympathetic division of the autonomic
nervous system (PANS). It would seem that such findings
should have forced researchers to propose a differentiated
approach to the prescription of LAMASs. However, this did
not occur. The success of TIT inspired researchers to
propose the 5T (Triple Therapy Targeting Treatable Traits)
approach. This method recommends utilizing TIT for all
asthma cases, not just severe ones. It also involves using
LAMAs in combination with ICS and LABASs earlier than
current guidelines suggest [6]. Further improvement of TIT
in our time is anticipated by exploring the most effective

4

combinations of different representatives of ICS, LABAs,
and LAMAs, along with various dosages of ICS [7].

The traditional stepwise approach to pharmacological
therapy for asthma fails to consider the individual
differences among patients. This method does not
acknowledge the heterogeneity of asthma, which results in
varying mechanisms of bronchospasm and inflammation.
Consequently, this leads to different levels of effectiveness
of treatment in patients with diverse underlying causes of
the disease. We believe that a more promising alternative
would be a differentiated approach to asthma therapy. This
would involve identifying the different pathogenic
phenotypes of the disease [8].

In recent years, phenotyping of asthma has seen
significant development. Some phenotypes have already
been identified, while many others remain under discussion
[9]. One of the most promising approaches is phenotyping
based on ANS status. The importance of differentiating
patients in this way is indisputable. First, the ANS plays a
significant role in the mechanism of bronchoconstriction.
Second, the primary classes of bronchodilators-LABAS
and LAMAs — exert their effects through the ANS [10].

Since long-acting muscarinic antagonists (LAMAS)
promote bronchodilation by suppressing cholinergic
activity, we hypothesized that they would be most effective
in patients with excessive PANS tone. This hypothesis has
been recognized for some time; it is well-established that
increased parasympathetic tone can be one of the
mechanisms contributing to bronchoconstriction [11].
LAMASs have been used for over two decades, with the first
LAMA, tiotropium (Spiriva). They were developed to
suppress excess cholinergic activity [12].

In 2016, Gennaro Liccardi and co-authors proposed ‘a
hypothesis that increased cholinergic tone in asthma might
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serve as a marker for a cholinergic phenotype, which
shows a better response to anticholinergics’ [13]. In the
same year, the use of an increased cholinergic tone in
asthma patients as a predictor for a positive response to
LAMAS has been offered [14]. In 2021, evidence was
provided regarding the usefulness of noninvasive
assessment of autonomic activity for stratifying asthma
control [15]. In 2024, Gennaro Liccardi and co-authors
noted that ‘phenotyping is still an unmet need’, as no
studies have been conducted to confirm or refute this
hypothesis [16].

Our study aimed to test two related hypotheses: first,
whether a cholinergic phenotype exists that responds
better to anticholinergics, and second, whether increased
cholinergic tone in asthma can predict a positive response
to LAMAs. If these hypotheses are confirmed, the
guidelines for prescribing LAMAS in step-down asthma
therapy may need to be revised.

Objective of the study: to test two related hypotheses:
first, whether a cholinergic phenotype exists that responds
better to anticholinergics, and second, whether increased
cholinergic tone in asthma can predict a positive response
to LAMAs. If these hypotheses are confirmed, the
guidelines for prescribing LAMAS in step-down asthma
therapy may need to be revised.

Material and methods. To achieve this goal, we
investigated the correlation between the ANS status of
patients with uncontrolled asthma and their response to
adding a LAMA to their existing treatment of inhaled
corticosteroids (ICS) and long-acting beta-agonists
(LABASs). To do this, we examined 60 patients at the
allergy center in Dnipro, Ukraine, during the 2024-2025.
Among the 60 patients, 44 were men (73.3%) with a mean
age of 35.6+4.4 years, while 16 were women (16.7%) with
a mean age of 38.1+5.8 years. The duration of asthma in
patients ranged from 3 to 9 years, with an average 6.5+4.4.
We only included research participants who were willing
to provide written consent (patient informed consent for the
study code: 22253/2024). Control group consisted of 30
healthy subjects (HS) aged 35 to 65 years (23 males and 7
females). The study was approved by the ethics committee
of the Dnipro State Medical University. We excluded
patients with other diseases like hypertension, diabetes,
thyroid disorders, and ischemic heart disease. Smokers,
alcoholics and pregnant women also were excluded from
our study.

All patients underwent clinical examinations and
investigations between 9:00 AM and 12:00 PM to avoid
any confounding effects of circadian rhythm on heart rate
variability (HRV). On the day of the HRV study, patients
did not receive any treatment. Asthma activity was
evaluated for the month leading up to the patients'
assessment using the Asthma Control Questionnaire
(ACQ-7). A score of 0.75 or lower was used to differentiate
between controlled asthmatic (CA) patients and
uncontrolled asthmatic (UA) patients [17]. Lung function
was assessed using a computerized spirometer (Spirolab
I11® MIR), and the Forced Expiratory Volume in 1 second
(FEV1) was measured. Statistical analysis was performed
using SPSS version 27 software. An independent Student's
t-test was conducted to compare the patient groups.
Additionally, Spearman’s correlation coefficients were

calculated to assess correlations between the variables.

The autonomic efferent fibers of the cardiovascular and
respiratory systems share a common central origin. As a
result, cardiovascular autonomic modulation is influenced
by the autonomic control of the respiratory system. HRV is
therefore recognized as a reliable method for diagnosing
autonomic dysfunction in both the heart and respiratory
systems.

ANS status was assessed using Heart Rate Variability
(HRV). The ANS supplies nerves to both the heart and
lungs. It regulates the heart rate and the force of contraction
in the heart, as well as bronchial smooth muscle
constriction and mucus hypersecretion in the lungs. There
is a connection between these two components. Therefore,
HRV is recognized as a reliable method for diagnosing
autonomic dysfunction in both the myocardium and
respiratory systems. Non-invasive assessments of the ANS
are conducted using HRV based on established
measurement standards, physiological interpretations, and
clinical uses outlined in the guidelines from the working
group of the European and American Society of
Cardiology and Electrophysiology [18]. In 2024, the
Psychophysiological Research Societies Committee
released an updated report on Heart Rate and Heart Rate
Variability. This report provides guidelines for
methodology, interpretation, and reporting in HRV
research. It supports the use of mobile HRV recording
devices and encourages the application of short-term HRV
measurements [19].

Recent studies have shown the validity and reliability
of short-term HRV parameters in assessing the status of the
ANS [20]. HRV parameters were derived from 5-min
electrocardiogram recordings by the Polar H10 sensor
chest strap device (Polar Electro Oy, Kempele, Finland) in
the supine position after ensuring clean ECG signals,
absence of movement artifacts and comfortable breathing.
After extraction of the 1-channel ECG data and RR data
(exported from the Elite HRV app) import into Kubios
HRYV Scientific Software version 3.5.0 (Biosignal Analysis
and Medical Imaging Group, Department of Physics,
University of Kuopio, Kuopio, Finland) was conducted.
For the HRV analysis, we used both the time domain and
frequency domain methods: heart rate (MHR), the square
root of the variance of RR intervals (SDNN), the square
root of the mean squared differences of successive RR
intervals (RMSSD); very low frequency (VLF), low
frequency (LF), high frequency (HF), normalized low
frequency (LF Norm), normalized high frequency (HF
Norm), and the LF/HF ratio [19].

The assessment of HRV, lung function (FEV1) and
asthma control (ACQ-7) was performed within the first 2
days of inpatient care (before starting LAMA) and again:
since 7-10 days after taking LAMA inhalation therapy.

Results and Discussion. In Table 1 we observe that
after adding LAMA (tiotropium) to current therapy
(ICS+LABA), asthma became controlled in 36 out of 60
patients (60.0%): 24 men and 12 women. For convenience
we named this group of patients - group No. 1. In 24
patients, asthma remained uncontrolled: 10 men and 14
women (group No. 2). Overall Score ACQ7 in the group
No. 1 was 0.55+0.15, while in the group No. 2 this
indicator was 2.18+0,55 (p < 0.01). In the group No. 1
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FEV1 was 83.4 + 11.4 %, while in the group No. 2 this
indicator was 71.2 + 10.8 (p < 0.01). Assessing the
dynamics of the Overall Score ACQ7 and FEV1 in the
asthmatic patient groups after the introduction of LAMA
therapy would be inappropriate, as Table 1 presents only

the mean baseline values of Overall Score ACQ7 and
FEV1 for all asthmatic patients. FEV1 was 91.4+12.7 % in
a control group, which is 32 % higher, than group No. 2 (p
< 0.01) and 8% higher than group No. 1 (p > 0.05) (Table
1).

Characteristics of studied subjects

Table 1

All asthma patients on All asthmatic patients after a week of Control group
admission to hospital hospital treatment (healthy
(Uncontrolled asthma ) group No. 2 group No. 1 persons)
Uncontrolled asthma | Controlled asthma
Inhaled therapy LABA & ICS LABA & ICS + LAMA
N (men/women) 44/16 24 (10/14) 36 (24/12) 30 (23/7)
Asthma duration (years) 27.9+7.1 27.5+6.4 28.5+7.4
Age (men/women) 47.8+10,8/ 48.9+12.5 45.6+10,2/ 52.5+11,4/ 45.6+11,2/
48.4+12.6 49.3+10.6 48.4+13.5
Inhaled therapy LABA & ICS LABA & ICS + LABA & ICS
LAMA + LAMA
FEV1 (%) 64.4 £8.7 71.2+10.8 83.4+114 91.4+12.7
ACQ-7 4.12+0,85 2.18+0,55 0.55+0.15
Table 2
Characteristics of asthmatic patients at the time of hospitalisation
(before LAMA treatment)
All asthma patients on admission to hospital Control group
(Uncontrolled asthma ) (healthy persons)
group No. 2 group No. 1
Inhaled therapy LABA & ICS
N (men/women) 44/16 30 (23/7)
24 (10/14) | 36 (24/12)
Asthma duration 27.9+7.1
(years) 27.5+6.4 28.5+7.4
Age (men/women) 47.8+10,8/ 48.9+£12.5 45.6+11,2/ 48.4+13.5
45.6+10,2/ 48.4+12.6 | 52.5+11,4/ 49.3+10.6
FEV1 (%) 64.4 £ 8.7 91.4+6,4
68.2 +9.8 | 61.4 +8.5
ACQ-7 3.72+0,85
2.98+0,55 y 4.55+0.35

Thus, asthmatic patients in group No. 1 demonstrated
very positive response to LAMA therapy comparing to
group No. 2. Since a better response to anticholinergics’
[13]. Is one of the key features of cholinergic phenotype of
asthma, we concentrated our efforts on searching other key
features of that phenotype. Our task was to analize
distinquished features of patients on group No. 1 and group
No. 2, including state ANC using HRV. From the data in
Table 2 we see that the two groups did not differ
significantly in age or in the duration of asthma. In group
No. 1, males predominated (66.6%), and in group No. 2
females predominated (58.35%).

FEV1 in group No. 1 was lower, than in group No. 2;
67.4 £ 8.5% and 61.2 £ 9.8 % (p < 0.05). Overall Score
ACQ7 also shows that in group No. 1 asthma control is
worse: 4.55+0.35 B group No. 1 against 2.98+0.55 in group
No. 2 (p <0.01). (Table 2).

Table 3 represents the HRV values of asthmatic
patients and the control group at the time of hospital

6

admission. All 60 patients had uncontrolled asthma, and
the HRV values indicated a marked predominance of
PANS: tendency to bradycardia (63.2+7.1 bpm), increased
RMSSD (49.8+17.6 ms), decreased absolute and
normalized LF power (306.5+212.8 ms2 and 37.8+14.2
n.u, respectively), increased absolute and normalized HF
(916.7£378.5 ms2 and 59.4+17.2 n.u, respectively), low
LF/HF Ratio (0.65+0.38). All HRV parameters of
asthmatic patients differed significantly from those in the
group of healthy subjects, in whom they corresponded to a
balanced ANS status (p < 0.01).

Although all asthmatic patients showed a
predominance of PANS activity upon admission, patients
in group No. 1 demonstrated higher cholinergic activity
compared to patients in group No. 2 (Table 3). RMSSD in
group No. 1 was 55.4+15.8 ms versus 44.5+14.6 in group
No. 2 (p < 0.05). LF/HF Ratio in group No. 1 was
0.55+0.26 versus 0.75+0.32 in group No. 2 (p < 0.05).
Thus, patients in group No. 1 demonstrated another key
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feature of the cholinergic phenotype: increased cholinergic
tone anticholinergics’ [13].

SDNN in the groups of asthmatic patients did not have
significant differences and was low, which is usually
regarded as a decrease in the adaptive capacity of the ANS:
21.2 £ 8.3 ms in group No. 1 versus 22.6 + 8.6 ms in group
No. 2 (p > 0.05). In the control group, SDNN was 2.5 times
higher: 55.6 + 16.4 ms (p < 0.01). With regard to asthmatic
patients, low SDNN can be regarded as one of the criteria
of uncontrolled asthma. The presence of this feature in all

patients with uncontrolled asthma (Table 3) and its absence
in patients with controlled asthma (Table 4) allows us to
regard this criterion as sufficiently reliable.

Table 4 represents the dynamics of HRV parameters in
groups of asthmatic patients during TIT. The table shows
that in both groups, PANS activity decreased after
inclusion in LAMA inhalation therapy. However, while in
Group 1, ANS status radically changed from pronounced
vagotonia to moderate sympathicotonia, in Group 2, only a
moderate decrease in PANS activity was observed.

Table 3

HRYV in groups of asthmatic patients at the time of hospital admission (before LAMA therapy)

All asthma patients on admission to hospital (Uncontrolled asthma) Control group
group No. 2 ‘ group No. 1 (healthy subjects)
N (men/women) 44/16
24 (10/14) ‘ 36 (24/12) 30 (23/7)
MHR (bpm) 63.2+7.1
67.4+7.5 [ 582166 72,7%7,2
SDNN, (ms) 21.8+94
22,6+ 8.6 | 21.2+8.3 55.6+16.4
RMSSD, (ms) 49.8+17.6
44 5+14.6 I 55.4+15.8 35.6 +12.6
LF (ms?) 306.5:212.8
342.6+197.5 | 286.4+178.2 522.6+204.7
HF (ms?) 916743785
865.7+315.8 | 976.82386.8 647.5+224.5
LF Norm (n.u., 37.8+14.2
normalized units) 42.8+15.7 | 31.2+13.7 445+12.8
HF Norm (n.u.) 50 4+17.2
55.1+16.3 | 65.6+18.3 41.2+115
LF/HF Ratio 0.65+0.38
0.75£0.32 | 0.55+0.26 1.58+0.79
Table 4

HRV in groups of asthmatic patients during TIT

group No. 2 group No. 1 Control group
LABA & LABA & LABA & LABA & (healthy persons)
ICS ICS+ LAMA ICS ICS+ LAMA

N (men/women) 24 (10/14) 36 (24/12) 30 (23/7)
MHR (bpm) 67.4+7.5 71.4+7.8 58.2+6.6 88.3+£9.7 72,7+7,2
SDNN, (ms) 22.6+ 8.6 23.6+ 8.6 21.2+ 8.3 444+ 11.7 55.6+16.4
RMSSD, (ms) 44 5+14.6 40.5+15.8 55.4+15.8 21.5+6.8 35.6 +12.6
LF (ms?) 342.6+197.5 | 733.6+238.2 | 286.4+178.2 | 839.2+186.3 522.6+204.7
HF (ms?) 865.7+315.8 | 805.7+326.8 | 976.8+386.8 | 432.4+152.2 647.5+224.5
LF Norm (n.u., normalized units)| 42.8+15.7 49.2+14.9 31.2+13.7 62.1+21.4 445+12.8
HF Norm (n.u.) 55.1+16.3 51.6+16.3 65.6+18.3 28.5+14.4 41.2+115
LF/HF Ratio 0.750.32 0.95+0.42 0.55+0.26 2.15+1.44 1.58+0.79

The assessment of HRV dynamics parameters revealed
significant differences between the two asthma patient
groups. MHR in group No 1 during TIT increased from
58.2+6.6 to 88.3+9.7 (p<0.01). While in group No. 2
heart rate dynamics was insignificant: ¢ 67.4£7.5 nmo
71.4+7.8 (p > 0.05).

The SDNN dynamics in group No. 1 indicated the

restoration of the adaptive capacity of the ANS: with UA,
SDNN was 21.2+8.3 ms, and upon achieving asthma
control, it doubled to 44.4+11.7 ms (p<0.01). However,
SDNN in group No. 1 was still lower than in the control
group: 55.6+16.4 ms (p<0.05). In patients in group No. 2,
the SDNN dynamics were insignificant; 22.6+8.6 ms with
LABA & ICS and 23.6+8.6 ms with TIT (p>0.05).
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The RMSSD, an indicator of parasympathetic activity,
B group No. 1 decreased more than twofold: from
55.4+15.8 to 21.5+6.8 (p<0.01). B group No. 2 RMSSD
also slightly decreased: from 44.5£14.6 t 40.5£15.8 ms (p
> 0.05), which indicated the continued predominance of
PANS activity [21].

The HF component of HRV, which reflects vagal
efferent activity, 8 group No. 1 decreased by more than half
(HF Norm) from 65.6+18.3 to 28.5£14.4 n.u. (p<0.01). B
group No. 2 HF component of HRV slightly decreased
from 55.1+16.3 to 51.6£16.3 n.u. (p > 0.05).

Normalization eliminates the effects of overall HRV
differences between individuals or conditions, facilitating
a more straightforward comparison of the relative
contribution of HF and LF to the overall autonomic
balance. The LF/HF ratio, which reflects the balance
between sympathetic and vagal activity, in group No. 1
increased from 0.55%0.26 to 2.15+1.44 (p<0.01), which
indicated a change from a significant predominance of
PANS to a moderate predominance of SANS [21]. In group
No. 2 LF/HF ratio increased from 0.75+0.32 n0 0.95+0.42
(p > 0.05), which indicated the maintenance of a moderate
predominance of PANS activity. Fig 1 shows the dynamics
of the ANC balance in groups of asthmatic patients with
the inclusion of LAMA therapy. Thus, patients in group
No. 1 shows a better response to anticholinergics’ [13],
which is the third key feature of the cholinergic phenotype
of asthma.

Spearman's coefficient indicated a strong correlation

between HRV parameters related to parasympathetic tone
and the Overall Score on the ACQ?7. It also showed a strong
direct correlation with FEV1. Specifically, the correlation
between RMSSD and the Overall Score on ACQ7 was p =
0.746 (Figure 2. A), while for the HF component of HRV
and the Overall Score on ACQ?7, it was p = 0.814 (Figure
1. B). In contrast, the correlation between RMSSD and
FEV1 was p = 0.687 (Figure 2. C), and between HF and
FEV1, it was p = 0.728 (Figure 2. D). In other words,
greater PANS activity increases the effectiveness of
tiotropium in controlling asthma, as indicated by both the
ACQ-7 and spirometry (FEV1).

LF/HF ratio

LABA+ICS+LAMA

LABA +
LABA+ ICS
ICS

Group No. 2 Control grope

Group No. 1

o

Fig. 1. LF/HF ratio in groups of asthmatic patients and in
control group

Relationship between RMSSD and the Overall Score on
ACQ7

Relationship between HF component of HRV and the
Overall Score on ACQ7

4 2\ 4
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\ / \ J
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Fig. 2. A = Relationship between RMSSD and the Overall Score on ACQ7; B = relationship between HF component of
HRV and the Overall Score on ACQ7; C = relationship RMSSD and FEV1; D = relationship between HF component of
HRV and FEV1.

To our knowledge, this study is the first to test the cholinergic  phenotype  hypothesis  of  asthma.


http://e-bmv.bsmu.edu.ua/

BbykoBuHChKuit Meanunmii BicHuk. 2026. T. 30, Ne 2 (118)

ISSN 1684-7903 http://e-bmv.bsmu.edu.ua

Original research

Antimuscarinics were used for the maintenance treatment
of asthma over a century ago. After a long interval, in 2014,
their use was recommended again as an add-on therapy
with LAMAs for the maintenance treatment of asthma
[22]. Despite the widely acknowledged importance of the
vagus nerve in the development of bronchospasm, as well
as the anti-inflammatory and anti-fibrotic effects of
LAMAS, asthma guidelines recommend that LAMA be
added as a third controller alongside the combination of
ICS and LABA before considering the initiation of
biological therapies [1]. All current and previous asthma
guidelines follow a stepwise approach to inhalation therapy
for asthma. Phenotype-driven and endotype-driven
approaches to asthma management have been actively
developed by researchers since the early 2010s. In 2012
loana Agache and co-authors in a paper entitled
“Untangling Asthma Phenotypes and Endotypes” stated:
‘Phenotype’ has been used extensively in asthma but is still
largely indiscriminate’ [23]. In 2025, loana Agache et al.
in a paper titled “The Bronchodilator and Anti-
Inflammatory  Effect of Long-Acting Muscarinic
Antagonists in Asthma” acknowledge that ‘the relatively
low success rate of LAMA in severe asthma might arise
from the lack of a phenotype-guided prescription’ [1].
Most researchers in 2025 acknowledge the underuse of
LAMAs in asthma therapy [1, 5, 6], and believe that
‘further studies are needed to identify the LAMA
responsive therapy, and thus to position LAMA in the
personalised and cost-efficient strategies for the
management of asthma patients’ [1]. Almost all scientific
papers devoted to LAMAS 2025 analyze the possibilities of
predicting their effectiveness based on clinical, laboratory
or instrumental signs [1, 5, 6]. We have developed a
straightforward and cost-effective method for predicting
the effectiveness of LAMAS using short-term HRV. This
method does not require any additional equipment, making
it easy to implement, even in primary care settings.

In our study, we screened patients whose asthma was
not controlled by the ICS+LABA combination and found
that 60.0% (44 out of 60 patients) exhibited signs of the
cholinergic asthma phenotype. All these patients
responded positively to LAMA treatment. Such a large
proportion of patients with signs of the cholinergic
phenotype does not allow us to judge its prevalence.
Patients admitted to hospital for treatment of asthma
exacerbations represent only that portion of asthmatic
patients in whom the LABA & ICS combination has been
ineffective. Early detection of the cholinergic asthma
phenotype could significantly reduce healthcare costs for
treating these patients and improve their quality of life.
Implementing such screening on a national scale is
therefore very appealing for the healthcare system.
Additionally, since vagal tone increases with age [1], it can
be inferred that the longer a patient has had asthma, the
more relevant LAMA treatment may become.

When analyzing the results of the HRV assessment in
the context of triple therapy, it is important to acknowledge
that we cannot completely eliminate the influence of
inhaled LABAs and LAMAs on the study outcomes.
Although the study conditions stipulated that patients did
not take prolonged-release medications on the day of the
HRV assessment, their use in the days leading up to the

assessment could still affect the status of the autonomic
nervous system (ANS). Additionally, patients with
uncontrolled asthma were permitted to use salbutamol.
Hajar Ali et al. reported that administering salbutamol
within two hours before HRV testing, or using a LABA in
the two weeks prior, was linked to decreased PNS activity
and increased SNS activity in asthma patients [24]. Ching-
Huei Tsou et al report that ‘the HRV parameters in both the
time and frequency domains showed significant changes
indicating sympathetic activation of the autonomic balance
immediately after inhaling the beta2-agonist (Berotec 200
mcg)’ [25]. Sarah Elhage et al. showed in their study that
LABAs and LAMAs do not have a significant effect on
HRV in asthma [26]. Lorena Soto-Retes et al., after
reviewing the latest research on the state of the ANS in
asthmatic patients, concluded that ‘given the lack of clarity,
nonetheless, further studies are needed on the
pharmacological effects of LABAs or LAMAs and their
influence on HRV outcomes in asthma’ [27]. It is extremely
difficult to even speculate about the effect of TIT on the
ANS. It is noteworthy that studies in recent years have
provided contradictory results regarding ANS dysfunction
in asthma. Some researchers report increased PANS
activity in patients with uncontrolled asthma [28], while
others, on the contrary, report a predominance of SNS [29].
The contradictory results may be influenced by the
difficulty in excluding the impact of prolonged use of
bronchodilators on heart rate variability (HRV).
Additionally, a patient's emotional state can also affect
HRV. Although the study excluded patients with
psychiatric conditions, such as anxiety and depression,
long-term asthma is often associated with these disorders,
which can be challenging to identify [27].

Thus, the influence of LABAs and LAMAS on HRV in
our patients cannot be excluded, since they received triple
therapy. We found that all patients whose asthma remained
uncontrolled after the addition of LAMA to therapy
demonstrated pronounced SNS activity, whereas patients
whose asthma was controlled after the addition of LAMA
to therapy showed a predominance of PANS. That is, these
patients showed a full set of features of the cholinergic
phenotype: increased cholinergic tone and a better
response to anticholinergics [13].

The limitations. Present study has some limitations.
First, the single-center study was limited by its relatively
small sample size, which may have affected the reported
outcomes. Additionally, the breathing frequency, known to
influence HRV analysis, was not recorded in this study.
However, efforts were made to minimize any potential
impact. The strength of this study lies in the fact that all our
patients had uncontrolled asthma prior to switching to TIT,
which includes the addition of a LAMA. In other words,
LABAs proved ineffective for this asthma phenotype. This
serves as an ideal criterion for testing the hypothesis of a
cholinergic asthma phenotype.

Conclusions. ANS in asthmatic patients in the
exacerbation phase of asthma (with uncontrolled asthma) is
characterized by the predominance of PANS activity, and in
the remission phase (controlled asthma) — by the
predominance of SANS.

1. Patients with high vagal tone responded positively to
the addition of a LAMA to the combination of ICS and
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LABA. This suggests the existence of a cholinergic
phenotype of asthma that shows a better response to
anticholinergics.

2. A strong correlation between indicators of PANS
activity, based on HRV data, and signs of effective asthma
control indicates that increased cholinergic tone could serve
as a predictor of a positive response to LAMAS.

3. A significant percentage of patients with high
cholinergic activity (60.0%) while using the ICS+LABA
combination highlights the limitations of a stepwise
approach to inhalation therapy for asthma. If ANS status had
been assessed prior to selecting inhalation therapy, asthma
control could have been achieved much earlier in 44 out of
the 60 patients included in the study.

Short-term HRV (by the Polar H10 sensor chest strap
device or standard ECG recorder) enables rapid and accurate
assessment of ANS status and predicts the efficacy of

LAMAS in asthma.

Prospects for further research is needed to develop
precise diagnostic criteria for the cholinergic phenotype
based on HRV data, since all asthmatic patients (not only
those with the cholinergic phenotype) demonstrate a
predominance of PANS activity during an exacerbation, and
a predominance of SANS activity when control is achieved.
In addition, the cause-and-effect relationship between the
state of the ANS and asthma control is unclear: does the
relief of asthma exacerbation lead to the predominance of
SANS activity or, conversely, does the achievement of the
predominance of SANS activity as a result of treatment lead
to the achievement of asthma control?
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